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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 Jug#
gler and present carefully annotated example code whenever appropriate. There are two groups of people who
should read this book:

1. Thosewho are required to read it in order to do a project for work. To those in this category, fear not—VR
Juggler isvery simpleto use after getting through the initial learning stages. It isavery powerful tool that will
allow the creation of interesting and powerful applications very quickly.

2. Thosewho arejust interested in creating compelling, interesting VR applications. VR Juggler facilitates the

construction of extremely powerful applications that will run on nearly any combination of hardware architec#
ture and software platform.

Necessary Experience

To help readers get the most from this book, recommendations follow to provide an idea of what previous experi#
enceis 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 pat#
terns and advanced concepts to make it more powerful, more flexible, and more extensible. A good background in
mathematics is helpful for performing the myriad of transformations that must be applied to three-dimensional geo#
metry.

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 knowledge is 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 development environments can easily skim through
this book and find the relevant new information. The book is designed for easy skimming. Simply look at the head#
ings to get a good determination of what should be read and what may be skipped.

Organization

This book is organized into five main chapters:

1. Introduction

2. Application basics: The introduction to the key VR Juggler application development concept, application ob#
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jects.
Common helper classes: A description of useful classes provided to simplify writing applications.

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 interfaces (APIS).

Advanced topics. An extension of the previous chapters showing how to incorporate run-time reconfiguration
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 ap#
plication objects, and we will use that term frequently throughout this text. Application objects are introduced and
explained in this chapter.

Application Object Overview

VR Juggler uses the application object to create the VR environment with which the users interact. The application
object implements interfaces1 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 nai n() function. Instead, de#
velopers 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 thermai n() functionis called, the application starts performing any necessary processing. When the operat#
ing 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 slightly different manner.

The application objects correspond to processesin anormal OS. The kernel isthe scheduler, and it allocations 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 Specific
Graphics APIs

Thefirst step in defining an application object is to implement the basic interfaces defined by the kernel and the
Draw Managers. Thereis abase class for the interface that the kernel expects (vj App) and abase class for each
Draw Manager interface (vj Pf App, vj A App, etc.). See Figure 2.1 for avisual representation of the application
interface hierarchy. The kernel interface defined in vj App specifies methods for initialization, shutdown, and exe#
cution of the application. The Draw Manager interfaces specified inthevj * App classes define the API-specific
functions necessary to render the virtual environment. For example, a Draw Manager interface could have functions
for drawing the scene and for initializing context-specific information.

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 appropriate inter#
faces. To simplify this process, there are default implementations of most methods in the interfaces. 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 know that in most cases, the default implement#
ation does nothing.

Benefits of Application Objects

As stated earlier, the most common approach for VR application development is one where the application defines

1An interface is a collection of operations used to specify a service of a class or acomponent.
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themai n() function. That mai n() function in turn callslibrary functions when needed. The library in this model
only executes code when directed to do so by the application. As aresult, the application devel oper is responsible
for coordinating the execution of the different VR system components. 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 changesto the virtual platform at run time. As
the 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 dependent
cies. The application interface defines the only communication path between the application and the virtual plat#
form, and this allows restriction of inter-object dependencies. This decreased coupling allows changes in the system
to be localized, and thus, changes to one object will not affect another unless the interface itself is changed. The res#
ult 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 a few initialization steps and then executes the application.

Allows Implementation Changes

Since applications use a distinct interface to communicate with the virtual platform, changes to the implementation
of the virtual platform do not affect the application. Changes could include bug fixes, performance tuning, or new
device support.

VR Juggler Startup
No mai n() —Sort Of

Previously, we explained how VR Juggler applications do not have amai n() function. Further explanation is re#
quired. While it istrue that user applications do not have amai n() function because they are objects, there must
still beamai n() somewhere that starts the system. This is because the operating system usesnai n() asthe start#
ing point for al applications. In VR Juggler 1.0 applications, thereisamai n() , but it only starts the VR Juggler
kernel and gives the kernel the application to run.

Structure of a mai n() Function

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

1 #incl ude <si nmpl eApp. h>
int main (int argc, char* argv[])

5 vj Kernel * kernel = vjKernel::instance(); // Get the kernel

si mpl eApp* app = new si nmpl eApp() ; /1l Create the app object
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kernel - >l oadConfigFile(...); /1 Configure the kernel
e
kernel ->start(); /1 Start the kernel thread
4
10 kernel - >set Appl i cati on(app); /1 Gve application to kernel
L5

while (! exit )

/1 sleep
15

Thisline finds (and may create) the VR Juggler kernel. The kernel reference is stored in the handle so that we

can useit later.

We instantiate a copy of the user application object (si npl eApp) here. Notice that we include the header file

that definesthe si npl eApp class.

This statement represents the code that will beinthe mai n() function for passing configuration files to the

kernel'sl oadConfi gFi | e() method. These configuration files may come from the command 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.

ﬂ Asaresult of this statement, the VR Juggler kernel begins running. It creates a new thread of execution for the
kernel, and the kernel beginsits internal processing. From this point on, any changes made 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, thereis no need for it to know about configuration files yet. This demonstrates how the VR Juggler
kernel executes independently from the user application. The kernel will simply work on its own controlling
and configuring the system even without an application to run.

(5] This statement finally tells the kernel what application it should run. The method call reconfigures the kernel

so that it will now start invoking the application object's member functions. It is at this time that the application

isnow running in the VR system.

Kernel Loop

Before proceeding into application object details, we must understand how VR Juggler calls the application, and we
must know what aframeis. 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. The specific methods called are de#
scribed in more detail in the following section. This diagram will be useful in understanding the order in which the
application object methods are invoked.

@Oe

Definition of a Frame

The VR Juggler kernel calls each of the methods in the application object based on a strictly scheduled frame of ex#
ecution. The frame of execution is shown in Figure 2.2; it makes up all the lines within the “while(running)” clause.

During the frame of execution, the kernel calls the application methods and performs internal updates (the up#

dat 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 aframework for the application. That is, the application can expect that when
pr eFrame() 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.
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Base Application Object Interface

Within this chapter, we provide a brief overview of the member functions from the base VR Juggler application in#
terface. Thisinterface is defined by vj App, and the member functions are shown in Figure 2.3. Refer to Figure 2.2
for avisual presentation of the order in which the methods are invoked.

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

e init()

o apilnit()

* preFrane()

 intraFrane()

* post Frane()

As previously described, the VR Juggler kernel calls these functions from its control loop to allocate processing time

to them. These functions handle initialization and computation. Other member functions that can be used for recon#
figuration, focus control, resetting, and exiting will be covered later in this book.

Initialization

Thefollowing is a description of the application objects related to the initialization of a VR Juggler application. The
order of presentation is the same as the order of execution when the application is executed by the kernel.

Vvj App::init()

Timing

Uses

Thei ni t () method iscalled by the kernel to initialize any application data. When the kernel preparesto start a
new application, it first callsi ni t () to signal the application that it is about to be executed.

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

Typical applications will utilize this method to |oad 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.

vj App::apilnit()

Timing

This member function is for any graphics API-specific initialization required by the application. Data members that
cannot beinitialized 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 not normally used in such applicat
tions.




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

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.

vj App: : preFranme()

Timing

Uses

Thepr eFr ame() method is called when the system is about to trigger drawing. Thisis the time that the applica#
tion 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.

Thismethod is called immediately before triggering rendering of the current frame.

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

V] App: i ntraFrame()

Timing

Uses

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

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.

vj App: : post Frame()

Timing

Finally, the post Fr ane() method isavailable for final processing at the end of the kernel frame loop. Thisisa
good place to do any data updates that are not dependent upon input data and cannot be overlapped with the render#
ing process (seethe discussion onvj App: : i nt r aFrame() above).

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

Some possible uses of this method include “ cleaning up” after the frame has been rendered or synchronizing 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 derive from vj App and extend thisinterface 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 rendering of
OpenGL graphics. The extensions to the base vj App class are shown in Figure 2.4. In the following, we describe
themethod vj G App: : dr aw( ) , the most important element of the interface. More details about thevj A App
class are provided in the section called “OpenGL Applications’, found in Chapter 4, Writing Applications.

vj @ App: : draw)

The “draw function” is called by the OpenGL Draw Manager when it needs to render the current scenein an
OpenGL graphicswindow. 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 Performer scene
graph. Some of the interface extensions are shown in Figure 2.5. The following is a description of only two methods
inthevj Pf App interface. More detailed discussion on this class is provided in the section called “ OpenGL Per#
former Applications’, found in Chapter 4, Writing Applications.

vj Pf App::initScene()
Thei ni t Scene() member function is called when the application should create the scene graph it will use.
vj Pf App: : 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.

11



Chapter 3. Helper Classes

Within this chapter, we present information on some helper classes that are provided with VR Juggler. These classes
areintended to make it easier for application programmers to write their code. Ultimately, we want application pro#
grammers 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. In particular, specia attention is paid to the VR Juggler Input Manager device interfaces and
proxies.

The vj Vec3 and v] Vec4 Helper Classes

This section isintended to provide an introduction to how the helper classesvj Vec3 and vj Vec4 work and how
they can be used in VR Juggler applications. It begins with a high-level description of the classes which formsthe
necessary basis for understanding them in detail. Then, examples of how to use all the available operations in the in#
terfaces for these classes are provided. It concludes with a description of the internal details of the classes.

High-Level Description

Theclassesvj Vec3 and vj Vec4 are designed to work the same was as three- and four-dimensional mathematical
vectors. That is, avj Vec3 object can be thought of as a vector of the form <x, y, z>. Similarly, avj Vec4 can be
thought 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 question 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 needsto think of them as arrays, then ar#
rays should probably be used until vectors feel more comfortable. Once the use of vectors seems familiar and
straightforward, readers are encouraged to come back and read further.

Vectors are used typically to contain spatial data or something similar. For convenience, however, they can be visu#
alized as a more general-purpose container for numerical data upon which well-defined operations can be per#

formed. 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. VR Juggler's vectors retain this generality and can be used wherever vectors comein

handy.

vj Vec3 and vj Vec4, as specific implementations of mathematical vectors, hide vector operations on single-
precision floating-point numbers (float) behind a simple-to-use interface. For asingle vector, the following standard
vector operations are available:

» Inversion (changing the sign of all elements)

* Normalization

e Cadlculation of length

* Multiplication by a scalar

e Division by ascalar

» Conversion to a Performer vector
For two vectors, the following operations can be performed:

* Assignment

12
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» Equality/inequality comparison
» Dot product

» Crossproduct (vj Vec3 only)
* Addition

* Subtraction

Knowing this and keeping in mind that vj Vec3 and vj Vec4 can be thought of at this high level, using them
should be a snap.

Using vj Vec3 and vj Vec4

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 file includes
either Mat h/ vj Vec3. h, Mat h/ vj Vec4. h, or both as necessary. From here on, the available 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 examples here use vj Vec 3s, but the exampleis
equally applicabletovj Vec4. To create avj Vec3, use the default constructor which initializes the vector to <0.0,
0.0, 0.0>:

vj Vec3 vecl,;

After creating the vector vec 1, 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]

TR
e

Note that in the last example, the individual elements of the vector can be accessed exactly as with anormal array.
To do the above steps all at once when the vector is created, give the element values when declaring the vector:

vj Vec3 vecl(1.0, 1.5, -1.0);

All of the above code has exactly the same results but accomplishes them in different ways. This flexibility isjust
one of the waysthat VR Juggler 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:
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vj Vec3 vecl(1.0, 1.5, -1.0), vec2;
vec2 = -vecl,

The vector vec2 now hasthevaue <-1.0, -1.5, 1.0>. That is all thereisto it. (Readersinterested in details 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:

vj Vec3 vecl(1.0, 1.5, -1.0);

vecl. nornmalize();

The vector vecl isnow normalized. Clean and simple.

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

if ( vec.isNormalized() )

/! Go here if vec is nornalized

This only workswith vj Vec3s, however.

Length Calculation

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

vj Vec3 vecl(1.0, 1.5, -1.0);
float |ength;

length = vecl.l ength();
Inthiscase, | engt h isassigned the value 2.061553 (or more accurately, the square root of 4.25). Finding the
length of avector appears simple from the programmer's perspective, but it has some hidden costs. Namely, it re#

quires asguare root calculation. For optimization purposes, the vj Vec3 class (but not vj Vec4) provides a method
caled| engt hSquar ed() that returns the length of the vector without cal culating the square root.

Multiplication by a Scalar

The VR Juggler vector classes provide an easy way to multiply avector by a scalar. There are several waysto do it
depending on what is required. Examples of each method follow.

To multiply avector by ascalar and store the result in another vector, do the following:
vj Vec3 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, vec2 gets
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thevalue<3.0, 4.5, -3.0>.
To multiply avector by ascalar and store the result in the same vector, do the following:
vj Vec3 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 ascaar, division by scalarsis aso possible. While the examples are almost identical,
they are provided here for clarity.

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

vj Vec3 vecl(1.0, 1.5, -1.0), vec2;

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:

vj Vec3 vecl(1.0, 1.5, -1.0);

vecl /= 3;

After this, vec 1 hasthe value <0.333333, 0.5, -0.333333>.

Converting to an OpenGL Performer Vector

SGl's OpenGL Performer likes to work with its own pf Vec 3 class, and to facilitate the use of it with vj Vec3, two
conversion functions are provided for converting avj Vec3 to apf Vec3 and vice versa. The first works as fol#
lows:

vj Vec3 vj vec;
pf Vec3 pf_vec;

/1 Do stuff to vj_vec...

pf _vec = vj Get PfVec(vj _vec);

wherevj _vec ispassed by reference for efficiency. (pf _vec getsacopy of apf Vec3.) To convert apf Vec3 to
avj Vec3, do thefollowing:

pf Vec3 pf_vec;
vj Vec3 vj vec;

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

Here again, pf _vec is passed by reference for efficiency, and vj _vec getsacopy of avj Vec3. Both of these
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functions are found in the header Ker nel / Pf/ vj PfUti | . 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:

vj Vec3 vecl(1.0, 1.5, -1.0), vec2;
vec2 = vecl;

After the assignment, vec2 hasthevalue <-1.0, -1.5, 1.0>. Tadal Note that thisis a copy operation which isthe
case for all types of assignments of VR Juggler vectors.

Equality/Inequality Comparison

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

vj Vec3 vecl(1l.0, 1.5, -1.0), vec2(l1l.5, 1.0, -1.0);
if ( vecl.equal (vec2) )

/1 Go here if vecl and vec2 are equal .

or
vj Vec3 vecl(1.0, 1.5, -1.0), vec2(l.5 1.0, -1.0);
if ( vecl == vec2 )

/1 Go here if vecl and vec2 are equal .

or
vj Vec3 vecl(1.0, 1.5, -1.0), vec2(l.5, 1.0, -1.0);
if ( vecl != vec2)

/! G here if vecl and vec2 are not equal.

Choose whichever method is most convenient.

Dot Product

Given two vectors, finding the dot product is often needed. VR Juggler's 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:

vj Vec3 vecl(1l.0, 1.5, -1.0), vec2(l1l.5, 1.0, -1.0);
fl oat dot _product;

dot _product = vecl.dot(vec?2);
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Now, dot _pr oduct hasthe value 4.0.

Cross Product (vj Vec3 only)

Besides the dot product of two vectors, the cross product is another commonly needed result. It is calculated thusly:
vj Vec3 vec1(1.0, 1.5, -1.0), vec2(1.5, 1.0, -1.0), vec3;

vec3 = vecl.cross(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 meth#
od performs the addition and stores the result in the first vector.

vj Vec3 vecl(1.0, 1.5, -1.0), vec2(1l.5, 1.0, -1.0), vec3;

vec3 = vecl + vec2;

Now, vec3 hasthevalue <2.5, 2.5, -2.0>.
vj Vec3 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.

vj Vec3 vecl(1.0, 1.5, -1.0), vec2(1.5, 1.0, -1.0), vec3;

vec3 = vecl - vec?2;

Now, vec3 hasthevaue <-0.5, 0.5, 0.0>.
vj Vec3 vecl(1.0, 1.5, -1.0), vec2(l.5, 1.0, -1.0);

vecl -= vec?2;

Inthiscase, vecl hasthe value <-0.5, 0.5, 0.0>.

Full Transformation by a Matrix

It is often helpful to apply atransformation to a vector. Transformations are represented by a matrix, so it is neces#
sary to multiply amatrix and a vector. The method xf or nFul | () doesthisjob. For the following example, as#
sumethat thereisavj Mat ri x transformation matrix xf or m nat :

vj Vec3 vec(1.0, 1.0, 1.0);
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vec. xfornFul | (xformmat);
Depending on the transformations contained within xf or m_mat , vec will be transformed fully. The operation asa
mathematical equation would be:

whereVand V' are vectors and Mis a4x4 transformation matrix.

Partial Transformation by a Matrix

Besides full transformations, it is possible to apply all transformations in a matrix except trandation. (The usefulness
of thisisleft as an exercise for the reader.) Again assume that thereisavj Mat ri x transformation matrix

xform mat:

vj Vec3 vec(1.0, 1.0, 1.0);

vec. xf or mVec(xform nat);

In this case, al transformationsin xf or m_nmat except translation will be applied to vec. The naming convention
here is not terribly helpful, but this documentation is intended to get around that.

The Gory Details

The detailsbehind vj Vec3 and vj Vec4 redlly are not al that gory. Internally, they are represented as three- and
four-element arrays of floats respectively. Accessto these arraysis provided through the public member variable
vec. For example, this access can be used in the following way:

vj Vec3 pos(4.0, 1.0982, 10.1241);

gl Vertex3fv(pos.vec);

Granted, this particular example israther silly and much slower than just listing the values as the individual argu#
mentsto gl Ver t ex3f (), but it should get the point across.

In genera, the vec member variable should be treated very carefully. Accessto it is provided mainly so that opera#
tions similar to this example can be performed quickly. An example of abusing accessto vec follows:

vj Vec4 ny_vec;

nmy_vec.vec[0] = 4.0;
ny_vec.vec|[1l] = 1.0982;
ny_vec.vec|[ 2] = 10.1241;
ny_vec.vec[3] = 1.0;

Do not do this. It can be confusing to readers of the code who do not necessarily need to know the details of the in#
ternal representation. Instead, use one of the methods described above for creating vectors and assigning the ele#
ments values.

The vj Mat ri x Helper Class

This section isintended to provide an introduction into how the helper classvj Mat ri x 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 all the available operations in the interfaces for the class
are provided. It concludes with a description of the internal C++ details of vj Mat ri x.
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High-Level Description

Abstractly, vj Mat ri x represents a4x4 matrix of single-precision floating-point values. The classincludes imple#
mentations of the standard matrix operations such as transpose, scale, and multiply. More specificaly, it is a mech#
anism to facilitate common matrix operations used in computer graphics, especially those associated with a trans#
form matrix. On the surface, it isnearly identical to a 4x4 C++ array of floats, but there is one crucia difference: a
vj Mat ri x keepsitsinternal matrix in column-major order rather than in row-major order. More detail on thisis
given below, but thisis done because OpenGL maintainsitsinternal matrices using the same memory layout. At the
conceptual level, this does not matter—it is related only to the matrix representation in the computer's memory. Ac#
cess to the elementsis still in row-major order. In any case, understanding how C++ multidimensiona arrays work
means understanding 90% of what thereis to know about vj Mat r i x. The class provides a degree convenience not
found with anormal C++ array, especialy when programming with OpenGL. The complications surrounding the
vj Mat ri x classareidentical to those with OpenGL matrix handling, and with an understanding of that, then all
that isleft to learnistheinterface of vj Mat ri X.

As arepresentation of mathematical matrices, vj Mat r i x implements several common operations performed on
matrices to relieve the users of some tedious, repetitive effort. The general mathematical operations are:

* Assignment

» Equality/inequality comparison

» Transposing

* Finding theinverse

* Addition

» Subtraction

* Multiplication

e 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

e Creatingan XYZ,aZYX, or aZXY Euler rotation matrix

» Constraining rotation about a specific axis or axes

e Making amatrix using direction cosines

* Making amatrix from a quaternion

» Making arotation transformation matrix about asingle axis
» Making atrandation transformation matrix

» Making a scale transformation matrix

» Extracting specific transformation information

» Converting to an OpenGL Performer matrix

19



Helper Classes

What is presented here involves some complicated concepts that are far beyond the scope of this documentation.
Without an understanding of matrix math (linear algebra) and an understanding of how transformation 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 on to explain the

vj Mat ri x class at the C++ level.

Using vj Mat ri x
Keeping the idea of a normal mathematical matrix in mind, we are now ready to look at the C++ use of thevj Mat #
ri x 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 using avj Mat ri x, make

suretoinclude Mat h/ vj Mat ri x. h first. The operations 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 create avj Mat r i x, the default constructor can
be used. It initializes the matrix to be an identity matrix:

vj Matrix nmat1;

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 thevj Mat ri x in
column-major order. Thisisthe one exception in the interface where access is 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:

vjMatrix 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);

All of the above code has exactly the same results but accomplishes those results in different ways.

Toread the elementsinavj Mat ri x object, programmers can use either the overloaded [] operator or the over#
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loaded () operator. The overloaded [] operator returns the specified row of thevj Mat ri x, and an element in that
row can then be read using [] again. The code looks exactly the same as with a normal C++ two-dimensional array:

vj Matrix nmat1(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:

vjMatrix nmat1(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

Assigning onevj Mat r i x to another happens using the normal = operator as follows:

vj Matrix nmat1(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);

vj Matrix mat 2;

mat 2 = mat 1;

This makes acopy 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):

vjmvatrix 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);

vjmvatrix 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.equal (mat2) )

/1 Go here if matl and mat2 are equal .

}

or

vjmvatrix 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);

vj Matrix nmat2(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 .
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or

vjmvatrix 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);

vjmvatrix 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!=mt2)

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

Choose whichever method is most convenient.

Transposing

The transpose operation works conceptually as. The codeis then:

vj Matrix mat1;
vj Matrix mat2(0. 0,
3.8

1. 8.3, 9.0, 2.2, 1.0, 5.6, 9.9, 9.7, 8.2,
, 0.

Oy
9

2.3,
, 2.1

4.1,
, 0.1);
mat 1. t ranspose( mat 2) ;

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

Finding the Inverse

The transpose operation works conceptually as. The codeis then:

vj Matrix mat1;
vjMatrix mat2(0.0,
3.8

1. 8.3, 9.0, 2.2, 1.0, 5.6, 9.9, 9.7, 8.2,
, 0.

.1,
, 2.1, 0.1);
mat 1. i nvert (mat 2) ;

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

Addition

For the addition operation, the interface is defined so that the sum of two matricesis stored in athird. There are two
ways to do addition with vj Mat r i x: 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 fol#
low. Thefirst block of code only declaresthevj Mat ri x objects.

vjmvatrix 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);

vj Matrix 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);

vj Matrix mat3;

Using theadd() method:

mat 3. add(rmat 1, mat2);
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Using the overloaded + operator:

mat3 = matl + nat 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 athird. There
are two waysto do subtraction with vj Mat ri x: using the sub() method or using the overloaded - operator. Itis
recommended that devel opers use the former, but the latter can be used for stylistic purposes. Examples of both
methods follow. The first block of code only declaresthevj Mat ri x objects.

vj Matrix nmat1(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);

vj Matrix 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);

vj Matrix mat 3;

N

Using thesub() method:

mat 3. sub(mat 1, nat2);

Using the overloaded - operator:

mat3 = nmatl - nat 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 matrices
isstored in athird. Thisislikely to be the operation used most often since transformation matrices are constructed
through multiplication of different transforms. For normal matrix multiplication, there are two ways to do multiplic#
ation withvj Mat ri x: using thenul t () method or using the overloaded * operator. We recommend the use of
themul t () method, but the overloaded * operator can be used by those who prefer that style of programming. Ex#
amples of both methods follow. The first block of code only declaresthevj Mat ri x objects.

vjMatrix 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);
viMatrix 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):

vj Matrix mat 3;

Using themul t () method:

mat 3. mul t (mat 1, mat 2);

Using the overloaded * operator:

mat3 = mat1l * mat 2;

Theresult is stored (viaacopy) in mat 3.

23



Helper Classes

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:

vjMatrix 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);

vjMatrix 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);

mat 1. post Mul t (mat 2) ;

Conceptually, the operation is so that the second matrix (mat 2) comes as the second factor. The same result can be
achieved using the overloaded * = operator:

vjMatrix 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);

vjMatrix 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:

vjmvatrix 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);

vj Matrix 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);

mat 1. preMul t (mat 2) ;

Here, the conceptual operation is so that the second matrix (mat 2) comes as the first factor. In both cases, the result
of the multiplicationis 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. thescal e() method or
the overloaded * and / operators that take a single scalar value and returnsavj Mat r i x. Aswith the preceding op#
erations, we recommend the use of the former, but the latter is available for those who want it. Examples of both
methods follow. First, using thescal e() method works as:

vjmvatrix mat 1(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);
vj Matrix mat 2;

mat 2. scal e(3.0, matl);

Using the overloaded * operator works as:

vj Matrix nmat1(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);

vj Matrix mat2;

mat2 = matl * 3.0;

or
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vjMatrix 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);

vj Matrix mat 2;
mat2 = 3.0 * nmat1;

Using the overloaded / operator works as:

vj Matrix 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);
vj Matrix mat 2;

mat2 = matl / 3.0;

In all cases, the result of the scaling is stored (viaacopy) in mat 2.

Making an ldentity Matrix Quickly

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

vj Matrix mat1(0. 0,

1. 8.3, 9.0, 2.2, 1.0, 5.6, 9.9, 9.7, 8.2,
3.8, 0.

Oy
9

2.3,
, 2.1

4.1,
, 0.1);
mat 1. nakel dent () ;

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

Zeroing a Matrix in a Single Step

Before using a matrix, it is often helpful to zero it out to ensure that there is no pollution from previous use. With a
vj Mat ri x, this can be done in one step:

vjMatrix 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);

mat 1. zero();

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,aZYX,or aZXY Euler matrix. Code for al three follows:

vj Matrix mat1;
float x_ rot = 0.4, y rot = 0.541, z rot = 0.14221;

mat 1. makeXYZEul er(x_rot, y rot, y rot);
mat 1. makeZYXEul er(z_rot, y_rot, x_rot);
mat 1. makeZXYEul er(z_rot, x_rot, y rot);
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In every case, the matrix is zeroed before the rotation transformation is stored. The result of the above code is that
mat 1 isaZXY Euler rotation matrix. The previous two operations are destroyed.

The rotation values can be read from amatrix that previously had one of the above operations applied to it. Thisis
done asfollows:

float x rot, y rot, z rot;
mat 1. makeXYZEul er (x_rot, y_ rot, y rot);

mat 1. makeZYXEul er(z_rot, y_rot, x_rot);
mat 1. makeZXYEul er(z_rot, x_rot, y rot);

In real code, one would use only the call that is appropriate for extracting the rotation values from nat . The float
variables are passed by reference to the method so that the rotation values can be returned in them.

Constraining Rotation About a Specific Axis or Axes

In amatrix that has rotations about more than one axis, it may be useful to get a transformation matrix that con#
strains the rotation to certain axes. A method is provided to do just this. It iscalled const r ai nRot Axi s(), and it
is used asfollows (assume that ol d_rmat isalready defined as a transformation matrix with rotations about all three
axes):

vj Matri x new nat;

ol d_mat. constrai nRot Axi s(true, false, false, new mat);

The result of thisisthat new_nat isatransformation matrix containing all of ol d_mat 'stransformations with the
exception that rotation is constrained about the x-axis alone. The first three arguments are Boolean values that spe#t
cify the axis constraints for the x-, y-, and z-axes respectively. new_nat is passed by reference, and the results of
the constrained transformations are stored in it.

Making a Matrix Using Direction Cosines

Creating a direction cosine matrix is another part of thevj Mat ri x interface. The method requires values for the x-,
y-, and z-axes of the secondary coordinate system in terms of the first. These must be passed as objects of type

vj Vec3. Use of the method is shown below (assuming that sec_x_axi s,sec_y_axi s,andsec_z_axi s are
already defined and have appropriate values):

vj Matrix mat;

mat . makeDi r Cos(sec_x_axi s, sec_y_axis, sec_z_axis);

Theresult isthat mat becomes a direction cosine matrix.

Making a Matrix from a Quaternion

Converting a quaternion to its corresponding matrix is possible with vj Mat r i x objects. Two methods are provided
to do this, each taking a different type of argument as the quaternion to be converted. The first takes a four-element
array of floats:

vj Matrix mat;
float quat[4];

/1 Fill in quat...
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mat . makeQuat er ni on( quat) ;

Here, quat isassigned its values appropriately. The other version takes areferenceto avj Quat object:

vj Matrix mat;
vj Quat quat;

/1 Fill in quat...

mat . makeQuat er ni on(quat) ;

Theresult in both casesisthat mat isthe transformation matrix represented by the quaternion.

Making a Rotation Transformation Matrix About a Single Axis

To make arotation matrix where the rotation is about a single axis, a simple method is provided as part of the
vj Mat ri x interface. It takes the rotation about the axis in degrees and the axis vector asavj Vec3 object. Itsuse
isasfollows:

vj Matrix nmat;
vj Vec3 axis(1.0, 0.0, 0.0);

mat . makeRot (45. 0, axis);

ThemakeRot () method causes mat to become atransformation matrix with only the given rotation. This rather
boring example therefore illustrates making a transformation matrix with only a 45° rotation about the x-axis.

Further capabilities are available with the rotations. Similar tothepr eMul t () and post Mul t () methods de#
scribed earlier, one can perform pre-rotations and post-rotations in degrees about a given axis on amatrix. To do a
pre-rotation, the code would look similar to the following:

vjMatrix matl, mat?2;
vj Vec3 axis(1.0, 0.0, 0.0):

/1 Performvarious transfornmati ons on mat2...

mat 1. preRot (45. 0, axis, mat2);

whereaxi s ispassed by reference. Theresult isthat mat 1 isatransformation matrix assigned the value of mul#
tiplying the given rotation by mat 2 in that order. mat 2 is passed by reference to improve efficiency.

To do post-rotation, the code is similar:

vjMatrix matl, mat?2;
vj Vec3 axis(1.0, 0.0, 0.0):

/] Performvarious transformati ons on mat?2. ..

mat 1. post Rot (nat 2, 45.0, axis);

where axi s is passed by reference. Theresult in both casesisthat mat 1 isatransformation matrix assigned the
value of multiplying mat 2 by the given rotation in that order. mat 2 is passed by reference to improve efficiency.
Note that for post-rotation, the matrix argument is given before the rotation arguments as areminder that it comes
first in the multiplication order.
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Making a Translation Transformation Matrix

To make atranglation matrix, there are two methods with each having two different types of arguments specifying
the trandation. The first makes a matrix with only the given translation (all other transformation information is dest#
troyed):

vj Matrix mat;
vj Vec3 trans(4.0, -4.231, 1.0);

mat . makeTrans(trans);

or
vj Matrix mat;

mat . makeTrans(4.0, -4.231, 1.0);

The only difference between these two is that the first takes areference to avj Vec 3 object specifying the transl a#
tion.

To change the trandation of a transformation matrix without completely obliterating all other transformations, use
the following instead:

vjVec3 trans(4.0, -4.231, 1.0);

mat . set Trans(trnas);

or
mat . set Trans(4.0, -4.231, 1.0);
There are further extensions to translations. Similar to the pr eMul t () and post Mul t () methods described

earlier, one can perform pre-translations and post-trandations on a matrix. To do a pre-translation, the code would
look similar to the following:

vjMatrix matl, mat?2;
vj Vec3 trans(4.0, -4.231, 1.0):

/1 Performvarious transfornmati ons on mat2...

mat 1. preTrans(trans, mat?2);

(wheret r ans is passed by reference) or

vjMatrix matl, mat?2;

/1 Performvarious transformati ons on mat2...

mat 1. preTrans(4.0, -4.231, 1.0, mat?2);

Theresult in both casesisthat mat 1 isatransformation matrix assigned the value of multiplying the given transla#
tion by nmat 2 in that order. mat 2 is passed by reference to both methods to improve efficiency.

To do post-trand ation, the code is similar:

vjMatrix matl, mat?2;
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vjVec3 trans(4.0, -4.231, 1.0):
/1 Performvarious transfornmations on mat2...

mat 1. post Trans(mat 2, trans);

(wheret r ans is passed by reference) or

vjMatrix matl, mat?2;

/] Performvarious transformations on mat?2...

mat 1. post Trans(mat 2, 4.0, -4.231, 1.0);

Theresult in both casesisthat mat 1 isatransformation matrix assigned the value of multiplying mat 2 by the given
trandlation in that order. mat 2 is passed by reference to both methods to improve efficiency. Note that for post-

trand ation, the matrix argument is given before the translation argument(s) as areminder that it comesfirst in the
multiplication order.

Making a Scale Transformation Matrix

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

vj Matrix mat;

mat . makeScal e(1.5, 1.5, 1.5);

Theresultisthat mat isatransformation matrix that will perform a scale operation. In this specific case, the scaling
happens uniformly for x, y, and z.

As with the previous operations, more advanced changes can be made. Similar to thepr eMul t () and post #
Mul t () methods described earlier, pre-scale and post-scal e operations can be performed on a matrix. To do a pre-
scale, the code would look similar to the following:

vjMatrix matl, mat?2;

/] Performvarious transformati ons on mat?2...

mat 1. preScal e(1.5, 1.5, 1.5, mat2);

The result in both casesisthat mat 1 isatransformation matrix assigned the value of multiplying the given scaling
factorsby mat 2 in that order. mat 2 is passed by reference to both methods to improve efficiency.

To do a post-scale, the codeis similar:

vjMatrix matl, mat?2;

/1 Performvarious transformati ons on mat?2...

mat 1. post Scal e(mat2, 1.5, 1.5, 1.5);

Theresult in both casesisthat mat 1 isatransformation matrix assigned the value of multiplying mat 2 by the given
scale factorsin that order. mat 2 is passed by reference to both methods to improve efficiency. Note that for post-

scaling, the matrix argument is given before the scale factor arguments as areminder that it comes first in the multi#
plication order.
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Extracting Specific Transformation Information

Finally, methods are provided for extracting transformations from a given matrix. The individual rotations and the
translation can be read. For the following examples, assume that mat isavj Mat ri x object representing arbitrary
trangation, rotation, and scaling transformations. To get the roll information, use the following:

float roll = mat.getRoll();

or

float z_rot = mat.getZRot ();

The value return isin the range -180.0° to 180.0°. To get the pitch information, use:

float pitch mat . get Pitch();

or

float x_rot = mat.get XRot ();

Again, the value return isin the range -180.0° to 180.0°. Finally, to get the yaw information, use;

float yaw = mat. get Yaw() ;

or

float y rot = nat.get YRot();

Though it may not need to be restated, the value return isin the range -180.0° to 180.0°.

Getting trandations is even simpler because translations are collected into a single vector easily. There are two
formsfor getting the trandlation. The first takes three floats by reference:

float x, vy, z;

mat . get Trans(x, y, z);

After this, the translation in mat isstored in X, y, and z. The second form returns a copy of avj Vec3 object:
vj Vec3 trans;

trans = mat.get Trans();

That is all thereisto reading trandations.

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 vj Mat #
ri x, two conversion functions are provided for making conversions. The first works as follows:

vj Matrix vj_mat;
pfMatrix pf_nat;
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/1 Perform operations on vj_nat...

pf _mat = vj Get PfMatrix(vj_nat);

wherevj _mat ispassed by reference for efficiency. (pf _mat getsacopy of apf Mat ri x which isaslow opera#
tion.) To convert apf Mat ri x toavj Mat ri x, do the following:

pf Matri x pf_mat;
vj Matrix vj_mat;

/1 Perform operations on pf_nat...
Vj _mat = vj CGetVjMatrix(pf_mat);

Here again, pf _mat is passed by reference for efficiency, and vj _nmat getsacopy of avj Mat ri x. Both of these
functions are found in the header Ker nel / Pf / vj Pf Uti | . h.

The Gory Details

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

C, C++, and mathematics use matrices in row-major order. Access indices are shown in Table 3.1

Table 3.1. Row-major accessindices

(0,0 ((OX)] (0,2 (0,3) <--- Array
(14,0 (1,1 1,2 1,3 <--- Array
(2,0 2,1 (2,2 (2,3 <--- Array
(3,0 (3,1 3,2 (3,3) <--- Array

OpenGL ordering specifies that the matrix has to be column-major in memory. Thus, to provide programmers with a
way to pass atransformation matrix to OpenGL in one step (viagl Mul t Mat ri xf () ), thevj Mat ri x class
maintainsits internal 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.

Table 3.2. Column-major accessindices

(0,0 (1,0 (2,0 (3,0
(0,1 1,1 (2,1 (3D
(0,2 1,2 (2,2 (3,2
(0,3) (1,3) (2,3) (33
Array Array Array Array

Asmentioned, all of thisis done so that agivenvj Mat ri x that acts asafull transformation matrix can be passed
to OpenGL directly (more or less). For example, with agiven vj Mat r i x object mat upon which painstaking
transformations have been performed, the following can be done:
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gl Mul t Matri xf (mat . get FloatPtr());

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.

The vj Devi cel nt er f ace Helper Class

The concept of device interfacesin VR Juggler is one which often causes confusion for new users. Two object-
oriented design patterns are combined by vj Devi cel nt er f ace: smart pointers and proxies. Within this section,
we aim to explain VR Juggler device interfaces clearly and simply. We begin with a high-level description and then
move right into using the class.

High-Level Description

Physical devices are never accessed directly by VR Juggler applications. 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 ret
guests on the input device through the proxy.

Theclassvj Devi cel nt er f ace is designed to be awrapper class around the proxies. Applications could use the
proxy classes directly, but vj Devi cel nt er f ace and its subclasses simplify use of the proxy object they contain.
Thus, typical VR Juggler application objects will have one or more device interface member variables.

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 special action can be taken when the “ pointer” is dereferenced. The dereference operator isjust
another operator like the addition and subtraction operators, and overloading the deference operator allows some
“magic” to occur behind the scenes. On the surface, 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 a smart pointer asahandle.

With that background, we can move on to explain how vj Devi cel nt er f ace uses these concepts. First, know
that vj Devi cel nt er f ace isabase classfor all other device interface classes such as digital interfaces (wand
buttons), position interfaces (wands, a tracked user's head), etc. In user code, there will be instances of objects such
asvjDigital I nterface,vjPoslnterface,vjKeyboardl nt erface, andthelike. Once they are prop#
erly initialized, device interface objects (whatever their types may be) will act as smart pointers to the actual VR
Juggler proxy objects they wrap.

All the subclasses of vj Devi cel nt er f ace encapsulate apointer to a VR Juggler proxy object. (Remember that
these proxy objects act as an intermediary between the application and an input device.) The subclasses also over#
load the dereference operator -> which allows them to act as smart pointers. The dereference operator on adevice
interface object gives access to the abject's hidden proxy pointer. With that access, the methods of the encapsul ated
proxy object can be invoked, usually to read data. The end result is that user applications get access to the proxy ob#
jects they need but through a simpler interface than using the proxies directly.

At this point, it is perfectly reasonable to wonder why VR Juggler uses a concept that requires all sorts of document#
ation and explanation. The extra effort isworth it because it allows VR Juggler to hide the actual type of the device
being used. Thereis no need to know that some specific VR system uses a wireless mouse connected to a PC read#
ing bytes from a PS/2 port that represent button presses. All that mattersis knowing which buttons are pressed at a
giveninstant. Theclassvj Di gi al | nt er f ace gives exactly that information, and it quietly hides the messiness
of dealing with that crazy mouse, its ugly driver, and its overly complex protocol.

Using vj Devi cel nterface
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VR Juggler applications do not usually usevj Devi cel nt er f ace directly. Instead, the subclasses mentioned
above will be used. Within this section, we will refer to subclasses of vj Devi cel nt er f ace as*“device inter#
faces’. The high-level description has already made use of this convention.

Before using a device interface, some objects must be declared. Programmers must choose the type that is appropri#
ate for the type of devices relevant to agiven application. All device interface objects must beinitialized in the ap#
plication object'si ni t () method. Each device interface object inherits amethod called i ni t () from

vj Devi cel nt er f ace. This method takes a single string argument naming the proxy to which the interface will
connect. Example names are “VJHead”, “VJWand’, “VJButton0”, and “V JAccelerate”. These are all symbolic
names specified in VR Juggler configuration files. This 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. VR Juggler cares, but there is no need for it to tell anyone else. All developers
care about is the head transformation matrix. An example of initializing avj Pos| nt er f ace that connects with
the user head proxy is:

vj Posl nterface head;

head. i nit ("VJHead");

Remember that thisisto be donein an application object'si ni t () method. The actual object used would be a
member variable of the application class. Note that here, the normal syntax for calling the method of a C++ object is

smart pointer.

Once deviceinterface objects are all initialized and ready to use, it istime to start using them as smart pointers. This
isbest part! VR Juggler is aready working hard in the background to update device proxies, and the application is
free to access them. (It is usually best to reference themin the pr eFr anme() method, but this may not necessarily
be true for all proxies.) Continuing with our example of avj Posl nt er f ace to the user head proxy, the following
code shows how to read the transformation matrix for the user's head:

vj Matri x* head_mat;

head_mat = head->getData();

But wait, that was easy! Believeit or not, the code really isthat simple. Simply use the overloaded dereference op#
erator to get access to the position proxy object hidden in vj Posl nt er f ace to read data from the proxy. Of
course, we have not explained the get Dat a() method at all yet. That comes from the position proxy class, and
that is documented elsewhere.

The Gory Details

What is truly amazing about VR Juggler device interfacesis, despite their seeming complexity, there isrealy noth#
ing to them. Trying to trace through the source code is alittle tricky, but conceptually, it isall about pointers. Keep
in mind that al this documentation was written using nothing more than the header files as a reference.

Asmentioned, the classvj Devi cel nt er f ace isabase classfor al the specific types of device interfaces such
as positional interfaces, digital interfaces, and analog interfaces. This class maintains the name of the proxy and the
proxy index, and it provides the al-important i ni t () method, but it is up to the inheriting classes to handle the
proxy pointer and to overload the dereference operator.

Subclasses of vj Devi cel nt er f ace are used to provide the wrapper to a specific type of proxy. They each con#
tain a pointer to a proxy object of the same conceptual type (positional, digital, and so on). The way in which the
dereference operator is overloaded can vary from classto class, but the end result is aways the same: a pointer to
the proxy is returned so that the calling code has access to that proxy.

The beauty of it al isthat the proxy object being pointed to by the device interface can be changed without affecting
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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 still using the smart pointer interface and getting data of some sort.
Thisflexibility is one of the most important features of VR Juggler, and it is important to understand.

The vj Pr oxy Helper Class

This whole proxy scheme can be confusing. We admit that it makes the learning curve for VR Juggler alittle steep#
er, but once you get it, you will know it all. An aternatetitle for this section is*“Horton Hears a Proxy.” In this case,
Hortonis VR Juggler (it is rather elephant-like at times), and the complexity of dealing with these ethereal, ubiquit#
ous proxies causes VR Juggler to take alot of guff. This section presentsthe vj Pr oxy class, the base class for the
input proxies, making it the one that is used the most. It should be noted, however, that the concept is spreading to
other parts of VR Juggler because it is so useful. While thisis only the introduction, we will give you the moral of
the story now: proxies are important concepts, and you should not step on them.

High-Level Description

Theclassvj Pr oxy isthe base classfor al the proxiesin the VR Juggler Input Manager. A better name would be
vj | nput Pr oxy, and it may help to think of it with that name. As a programmer of VR Juggler applications,
knowledge of such proxies does not have to be terribly in-depth. The fact is, most VR Juggler programmers will
probably never need to know more about a specific device proxy's interface than the return type of itsget Dat a()
method. Most of the apparent complexity in the specific device proxy classesis only important to VR Juggler'sin#
ternal maintenance of the active proxies.

That said, this section is relatively short. As a programmer, the important thing to know isthat a proxy is apointer to
aphysical device. Application programmers use the higher level device interface as the mechanism to read datain
some form from the 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
returnsit to VR Juggler in ameaningful way. That isalot of indirection, but it makes the handling of physical
devices by VR Juggler incredibly powerful.

Using vj Pr oxy

To be blunt, application programmers do not use vj Pr oxy. Instead, access to a subclass of vj Pr oxy isgiven
through a device interface acting as a smart pointer. The get Dat a() method of that subclass is used. That method
is the window into the soul of an input device. The device interface allows calling get Dat a() for the specific
proxy object it encapsulates, and the current state of the device pointed to by the proxy is returned.

Therefore, what must be known is the return type of the specific proxy to which accessis granted through the device
interface. The naming conventions for the proxies and their interfaces makes it relatively simple to determine which
proxy object is being encapsulated by which device interface. For example, avj Di gi t al | nt er f ace holdsa

vj Di gi t al Proxy pointer. In that case, refer to the documentation for thevj Di gi t al Pr oxy classand find the
return type of get Dat a() (intin thiscase). The proxy header files have the information, too. These are located in
$VJ_BASE DI R/ | nput/ | nput Manager . Just search for the get Dat a() methods therein.

The Gory Detalils

The gory details of vj Pr oxy and its subclasses are not really relevant to this particular section. The subclasses |ook
complicated, and they can be. It isimportant to note, however, that the complication is part of the interface used in#
ternally by VR Juggler rather than the interface used by the application programmer. Because of that and because
each device proxy classis different, those details will not be addressed here. It is sufficient to deal with get #

Dat a() aonein applications. Leave the ugliness up to VR Juggler; it can handleit.
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Chapter 4. Writing Applications

This chapter alone comprises the bulk of information about application development. Each section outlines one area
of interest for application developers. For example, there are chapters that show how to get input from the system
and chapters that show how to write applications for each of the currently supported graphics APIs. Please note that
when writing an application, there will be overlap between these sections. For example, an application that needs in#
put, sound, and OpenGL graphics will be based on concepts from each of the relevant sections.

Application Review

Before getting into too much detail, we present this section as areview from earlier chapters. Thereis no new in#
formation 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 Started, for example), all VR Juggler applications derive
from a base application object class (vj 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 in#
herit from vj App or from a Draw Manager-specific application class that has vj App as a superclass. For example:

cl ass userApp : public vjApp
{
public:

init();

preFrame();

post Frane();

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

Manager-Specific Application Classes

A user application does not have to (and in most cases does not) derive from vj App. In most cases, an application
classis derived from a Draw Manager-specific application class. For example:

class userd App : public vjd App

public:
init();
preFrane();
post Frane();
draw() ;

}

Thisis an example of an OpenGL application. The application class (user A App) has derived directly from the
OpenGL Draw Manager-specific vj G App application base class. This class provides extra definitionsin the inter#
face that are custom for OpenGL applications.

Getting Input

There are many types of input devices that VR Juggler applications can use including positional, digital, and analog.
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All applications share the same processes and concepts for acquiring input from devices. The main thing to remem#
ber about getting input in applicationsisthat all VR Juggler applications receive input through device handles man#
aged by vj Devi cel nt er f aces. Therearevj Devi cel nt er f acesfor each type of input data that VR Juggler
can handle. Thereis onefor positional input, one for analog, and so on. They all have very similar interfaces and be#
have exactly the same. (Refer to the section called “ The vjDevicelnterface Helper Class’ and the section called “ The
vjProxy Helper Class’ for more information.)

How to Get Input

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

class nmyApp : public vjApp

public:
init();
preFrame();
private:
vj Posl nt erface mAand;

Note the declaration of the variable MAand of typevj Posl nt er f ace. Thisisthe first addition to an application.
Deviceinterfaces are usually member variables of the user application class, asin this example.

?yApp::init()

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.

Vj Mat ri x wand_pos;
wand_pos = *(mAMand- >get Data());

The above code shows an example of using the 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 inter#
face figures out what device it points to and returns the data from that device. Again, refer to the section called “The
vjDevicelnterface Helper Class’ for more information about using vj Devi cel nt er f ace.

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 loc#
ation, surprisingly, is application dependent. There are some very good guidelines regarding where applications
should process input. Before explaining them, however, we should review the VR Juggler kernel control loop,
presented again in Figure 4.1.

This diagram looks complicated, but the key hereistheupdat eAl | Dat a() call near the bottom of the diagram.
Thisiswhere VR Juggler updates al the cached device data that will be used in drawing the next frame. This up#
dated copy isused by all user references to device data until the next update and the end of the next frame of execu#
tion.

This means two things:
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1. Thedevicedataismost freshinvj App: : preFrane(), and

2. Anytimespentinvj App: : pr eFrame() increasesthe overall system latency.

Thefirst point isimportant because it means that the copy of the device data with the lowest latency is aways avail#
ablein the pr eFr ame() member function. The second point is equally important because it says why user applic#
ations should not waste any timein pr eFr ane() . Any time spent in pr eFr ame() increases system latency and

in turn decreases the perceived quality of the environment. Hence, it is crucial to avoid placing computationsin
preFrame().

Tutorial: Getting Input

Table4.1. Tutorial Overview

Description Simple application that prints the location of the head
and the wand
Objective Understand how to get positional and digital input in a

VR Juggler application

Member functions
e VjApp::init()
e Vvj App::preFrane()

Directory $VJ_BASE DI R/ share/ sanpl es/tutorials/s
i mpl el nput

Files
e sinplelnput.h
e sinplelnput.cpp

Class Declaration and Data Members

In the following class declaration, note the data members (mMAand, mHead, etc.). This application has four device
interface member variables: two for positional input (nHead and mAand) and two for digital 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

preFrame().
1 class sinplelnput : public vjd App
{
public:
virtual void init();
5 virtual void preFrame();
public:
vj Poslnterface mAMand; Positional interface for Wand position
vj Posl nterface nHead; Positional interface for Head position

10 vjDigital I nterface nButtonO;
vjDigital I nterface nButtoni;

Digital interface for button O
Digital interface for button 1

~ Y~
~ Y~
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Initializing the Device Interfaces: vj App: :init()

The devicesareinitialized inthei ni t () member function of the application. For each device interface member
variable, the application callsthe variablesowni 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 application, the member variables are
handles to the named device.

1 virtual void init()

{

/1 Initialize devices
mAand. i nit ("VJWwand");

5 nHead. i nit ("VJHead");
nmBut t onO. i ni t("VJButton0");
nmButtonl.init("VJButtonl");

Examining the Device Data: vj App: : preFrane()

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

1 virtual void preFranme()

if ( nButtonO->getData() ) “
5 std::cout << "Button O pressed" << std::endl;
}
i f( nmButtonl->getData() ) “
{
std::cout << "Button 1 pressed" << std::endl;
10
std::cout << "Wand Buttons:" g
<< " 0:" << nButtonO->get Data()
<< " 1:" << nButtonl->get Data()
15 << std::endl;
/[l -- Get wand matrix --- [/
vj Matrix wand_matri x;
wand_matri x = *(mAMnd- >get Data());
20 std::cout << "WAnd pos: \n" << wand_matrix << std::endl;
}

Thiswrites out the current state of both buttons.

These statements check the status of the two digital buttons and write out aline if the button has been pressed.
Thefinal section prints out the current location of the wand in the VR environment.

OpenGL Applications

We can now describe how to write OpenGL applicationsin VR Juggler. An OpenGL-based VR Juggler application
must be derived from vj G App. Thisin turnisderived from vj App. Aswas discussed in the application object
section, vj App defines the base interface that VR Juggler expects of all applications. Thevj G App class extends
thisinterface by adding members that the VR Juggler OpenGL Draw Manager needs to render an OpenGL applicad#
tion correctly.

In Figure 4.2, we see the functions added by thevj G App interface: dr aw( ) , cont ext | ni t (), and cont ex#
t Pr eDr aw( ) . These functions deal with OpenGL drawing and managing context-specific data (do not worry what
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context datais right now—we cover that in detail later). There are afew other functionsin the interface, but these
cover 99% of the issues that most developers face. In the following sections, we will describe how to add OpenGL
drawing to an application and how to handle context-specific data. Thereisatutorial for each topic.

OpenGL Drawing: vj A App: : draw)

The most important (and visible) component of most OpenGL applicationsisthe OpenGL drawing. Thevj G App
classinterface definesadr aw() member function to hold the code for drawing a virtual environment. Hence, any
OpenGL drawing calls should be placed inthevj G App: : dr aw() function of the user application object.

Adding drawing code to an OpenGL-based VR Juggler application is straightforward. Thedr aw( ) method is
called whenever the OpenGL Draw Manager needs to render aview of the virtual world created by the user's ap#
plication. It is called for each defined OpenGL context, and it may be called multiple 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 correctly to draw

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

Recommended Uses

The only code that should execute in this function is calls to OpenGL drawing routines. It is permissible to read
from input devicesto determine what to draw, but application data members should not be updated in this function.

Possible Misuses

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

Tutorial: Drawing a Cube with OpenGL

Table4.2. Tutorial Overview

Description Simple OpenGL application that draws a cube in the en#
vironment

Objectives Understand how the dr aw( ) member function in
vj A App works; create basic OpenGL-based VR Jug#
gler applications

Member functions
e VjApp::init()
* Vvjd App::draw)

Directory $VJ_BASE DI R/ share/ sanpl es/tutorials/s
i mpl eApp

Files
e sinpleApp.h
e sinpl eApp. cpp
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Class Declaration
The following application classiscaled si npl eApp. Itisderived fromvj G App and hascustomi ni t () and
dr aw( ) methods declared. Note that the application declares several device interface members that are used by the
application for getting device data.

1 class sinpleApp : public vjd App
{

publ i c:
si mpl eApp();
5 virtual void init();

virtual void draw();

public:
vj Posl nt erface mAand;
10 vj Posl nterface nmHead;
viDigital I nterface nButtonO;
viDigitalInterface nButtonil;

b

The draw() Member Function

Theimplementation of dr aw( ) islocatedinsi npl eApp. cpp. Itsjob isto draw the environment. A partial im#
plementation follows.

1 }/Oi d sinpl eApp: :draw()

H'Create box offset matrix
5 vj Matrix box_offset; “

box_of f set. makeXYZEul er (- 90, 0, 0) ;
box_ of fset.set Trans(0. 0, 1. 0f, 0. 0f);

Qi PushMat ri x();

10 /1 Push on of fset
gl Mul t Matri xf (box_of fset.getFloatPtr()); E
dr awCube() ; £}
gl PopMat ri x();
15
}

The new matrix is pushed onto the OpenGL modelview matrix stack.

This createsavj Mat ri x object that defines the offset of the cube in the virtua world.
Finally, acubeisdrawn.

In the above, there is 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( ) function renders a cube at an offset location.

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

Many readers may aready be familiar with the specifics of OpenGL. In this section, we provide avery brief intro#

43



Why it

Writing Applications

duction 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 associated 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:

» Current color

» Current shading mode
e Current texture

» Digplay lists

» Texture objects

iIs 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 variables. This makes program#
ming 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 object 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 init.

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 there is a variable that storesthe
display list ID (nDi spLi st 1 d), andweuseitinthedr aw() method.

cl ass userApp : public vjd App

public:
draw() ;
public:

int nmDispListld;
1

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

Now, imagine that we have a VR system configured that needs more than one display window (a multi-wall projec#
tion system, for example). There is athread for each display, and al the display threads call dr aw( ) in parallel.

Since al threads share the same copy of the variables, they all use the same nDi spLi st | d when calling

gl Cal I Li st () . Thisisan error because we call draw from multiple windows (that is, multiple OpenGL render#
ing contexts). The display list ID is not the same in each context. What we need, then, isaway to use a different
display list ID depending upon the OpenGL context within which we are currently rendering. Context-specific data
comes to the rescue to address this problem.
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Context-specific data provides us with away to get a separate copy of avariable for each OpenGL rendering con#
text. This may sound daunting at first, but VR Juggler manages this special variable so that it appears just as a nor#
mal variable. The developer never has to deal with contexts directly. VR Juggler transparently ensures that the cor#
rect copy of the variable is being used.

Context-Specific Variables in VR Juggler

The following shows how a context-specific variable appearsin aVR Juggler application:

cl ass userApp : public vjd App

{

publi c:
draw() ;

public:

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

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

This code |ooks nearly the same as the previous example. In this case, nDi spLi st | d istreated as apointer, and it
has a special template-based type that tells VR Juggler it is context-specific data. When defining a context-specific
data member, usethevj @ Cont ext Dat a<> template class and pass the “true” type of the variable to the tem#
plate definition. From then on, it can be treated as a normal pointer.

Note

The typesthat are used for context-specific data must provide default constructors. The user cannot directly
call the constructor for the data item because VR Juggler has to allocate new items on the fly as new con#
texts 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 a brief de#
scription.

The context data items are allocated using a template-based smart pointer class (vj G Cont ext Dat a<>). Behind
the scenes, VR Juggler keeps alist of currently allocated variables for each context. When the application wants to
use a context data item, the smart pointer looks in the list and returns a reference to the correct copy for the current
context.

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

Using Context-Specific Data

The VR Juggler OpenGL graphics system is a complex, multi-headed beast. Luckily, developers do not have to un#
derstand how the system isworking to use it correctly. Aslong as developers subscribe to severa simple rules for
allocating and using context data, everything will work fine. This section contains these rules, but it does not de#
scribe the rationale behind the rules. Those readers who are interested in the details of why these rules should be fol#
lowed should please read the subsequent section. It contains much more (excruciating) detail.

The Rules
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With the background in how to make a context-specific data member and how to useitinadr aw() function, we
can move on to how and where the context-specific data should be allocated. If we want to create adisplay 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 is that allocation tests would be occurring too many times and at incorrect times. There are
better places to allocate context data.

Rule 2: Initialize static context datain contextlnit ()

The place to allocate static context-specific dataisthevj G App: : cont ext | ni t () member function. “ Static”
context data refers to context data that does not change during the application's execution. An example of static con#
text datawould be a display list to render an object model that is preloaded 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 asit starts execution.

Thecont ext | ni t () member function is called immediately after creation of any new OpenGL contexts. In other
words, it is called whenever new windows open. When it is called, the newly created context is active. This method
isthe perfect place to allocate static context data because it 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:

Example 4.1. 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._COWI LE);
gl Scal ef (0. 50f, 0.50f, 0.50f);
/1 Call func that draws a cube in CpenG
dr awCube() ;
10 gl EndLi st ();
}

This shows the normal way that display lists should be allocated in VR Juggler. Allocate the display list, storeitto 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 application's execution. An
example of dynamic data would be adisplay list for rendering an object from a data set that changes as the applica#
tions executes. This requires dynamic context data because the display list hasto be regenerated every time the ap#
plication changes the data set.

Consider also the following example. While running an application, the user requests to load a new model from a
file. After the model datais|oaded, it may be best to put the drawing functions into a fresh display list for rendering
themodel. Inthiscase, vj G App: : cont ext | ni t () cannot be used becauseit is only called when anew con#
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text is created. Here, all 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 areas, you should
not do much work in it. Any time taken by this method directly decreases the draw performance of the application.
In most cases, we recommend trying to make the function have a very simple early exit clause such asin the follow#
ing example. This makes the average cost only that of a single comparison operation.

user App: :contextlnit()
if (have work to do)
{
// 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.

Do Not Allocate Context-Specific Data in dr aw()

Rule 1 saysthat context-specific data should not be allocated in an application object'sdr aw( ) method. We have
already stated that the main reason isthat dr aw( ) is called 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 allocated when a new window is opened. (Dynamic

context-specific datais handled separately.)

Tutorial: Drawing a Cube using OpenGL Display Lists

Table4.3. Tutorial Overview

Description Drawing acube using adisplay listinthedr aw()
member function
Objectives Understand how to use context-specific datain an ap#

plication

Member functions

e VjApp::init()
e VvjQd App::contextlnit()
e Vvjd App::draw()

Directory

$VJ_BASE DI R/ share/ sanpl es/tutorials/c
ont ext App

Files

e context App. h

e cont ext App. cpp
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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 “Tutoria: Drawing a Cube with OpenGL". Note the addition of thecont ext | ni t () declaration and the
use of the context-specific data member mCubeDl | d.

1 class contextApp : public vjd App

{
public:
context App() {;}
5 virtual void init();
virtual void contextlnit();
virtual void draw();

publ ic:
10 /1 1d of the cube display |ist
vj @ Cont ext Dat a<GLui nt > nmCubeDl | d;

}s

The context I nit() Member Function

We now show the implementation of cont ext App: : cont ext | ni t (). Herethedisplay list is created and
stored using context-specific data. Recall Example 4.1, presented in the section called “Using Context-Specific
Data’. That example was based on this tutorial application.

1 void contextApp::contextlnit()
{
/1 Allocate context specific data
(*nCubeDl 1 d) = gl GenLists(1);

gl NewLi st ((*mCubeDl I d), G._COWPI LE);
gl Scal ef (0. 50f, 0.50f, 0.50f);
dr awCube() ;
gl EndLi st ();
10 C.

The draw() Member Function

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

1 void context App: :draw()
{
/1 Get Wand matri x
vj Matrix wand_matri x;
5 wand_mat = *(mAMnd- >getData());

gl PushMatri x()
gl PushMatr i
gl Mul t Ma
10 gl Call L
gl PopMat r i

)
I xf (wand_mat . get FloatPtr());
(*mCubeDi 1 d);

X
Bt r
i st
x()

gl Pbbi\/atri x();
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Exercise

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

OpenGL Performer Applications

Programmers familiar with the use of scene graphs may prefer to use that data structure rather than writing 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 1.0, the supported scene graphs are OpenGL Performer from SGI 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 from vj Pf App. Similar tovj G App presented in the pre#
vious section, vj Pf App derivesfrom vj App. vj Pf App extendsvj App by adding methods that deal with scene
graph initialization and access. Figure 4.4 shows how v Pf App fitsinto the class hierarchy of a Performer-based
VR Juggler application.

Two of the methods added to the application interface by vj 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 within vj Pf App).
Additional methods will be discussed in this section, but in many cases the default implementations of these other
methods may be used. A simple tutorial application will be provided to illustrate the concepts presented.

Scene Graph Initialization: vj Pf App: :i ni t Scene()
In an application using OpenGL Performer, the scene graph must be initialized before it can be used. The method
vj Pf App: : i ni t Scene() 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 thiswill vary depending on what the application will do.

During the initialization of OpenGL Performer by VR Juggler, vj Pf App: : i ni t Scene() isinvoked after the
Performer functionspf | ni t () and pf Confi g() but beforevj App: :apilnit().

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

In order for Performer to render the application scene graph, it must get access to the scene graph root. The method
vj Pf App: : get Scene() will be called by the Performer Draw Manager so that it can give the scene graph root
node to Performer. Sincethejob of get Scene() isstraightforward, its implementation can be very simple. A typ#
ical implementation will have a single statement that returns a member variable that holds a pointer to the applica#
tion scene graph root node.

Note

Make sure that the node returned is not apf Scene object. If it is, 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 Scene() .

Tutorial: Loading a Model with OpenGL Performer

Table4.4. Tutorial Overview

Description Simple OpenGL Performer application that |oads a mod#
el
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Objectives Understand how to load a model, add it to a scene graph,
and return the root to VR Juggler

Member functions
e vjPfApp::initScene()
e vj Pf App: : get Scene()

Directory $VJ_BASE DI R/ share/ sanpl es/tutorials/s
i mpl ePf

Files
e sinplePfApp.h

e sinpl ePf App. cpp

Class Declaration

The following application classis called si nmpl ePf App. It is derived from vj Pf App and has customi ni t S#
cene() and get Scene() methods declared. Note that this application uses pr eFor ki ni t () which will be
discussed later. Refer to si npl ePf App. h for the implementations of pr eFor kil ni t () and set Model ().

1 class sinplePfApp : public vjPfApp

public:
si npl ePf App() ;
5 virtual ~sinmpl ePf App();

virtual void preForklnit();
virtual void InitScene();
virtual pfGoup* get Scene();
10 voi d set Mbdel (std::string nodel File);

publi c:
std::string mvbdel Fi | eNane;
15 pf Gr oup* nmLi ght G oup;
pf Li ght Sour ce* nfun;
pf G oup* nRoot Node;
} pf Node* nmvbdel Root ;

The i nit Scene() Member Function

Theimplementation of i ni t Scene() isinsi npl 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 sinplePfApp::initScene ()
{
/1 Allocate all the nodes needed
nRoot Node = new pf G oup; “

/] Create the SUN |ight source
nmLi ght G oup = new pf G oup; a

nSun = new pf Li ght Sour ce;
nLi ght Gr oup- >addChi | d( nmBun) ;
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10 nSun- >set Pos( 0. 3f, 0.0f, 0.3f, 0.0f);
nSun- >set Col or (PFLT_DI FFUSE, 1.0f, 1.0f, 1.0f);
nSun- >set Col or (PFLT_AMBI ENT, 0. 3f, 0.3f, 0.3f);
nSun- >set Col or (PFLT_SPECULAR, 1.0f, 1.0f, 1.0f);

nSun- >on() ;
15
[/l --- LOAD THE MODEL -- //
mvbdel Root = pfdLoadFi |l e( mvbdel Fil eName. c_str()); E’

/] -- CONSTRUCT STATIC STRUCTURE OF SCENE GRAPH -- [/
20 nRoot Node- >addChi | d( mvbdel Root) ; ﬂ
4

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

Next, some steps are taken to create a light source for the application.
Finally, the model isloaded using pf dLoadFi | e() , and the model scene graph root node is stored in
mvbdel Root . (The model loader must beinitialized prior to calling pf dLoadFi | e() . Thisisdonein
preForklinit().)

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

g First, the root node is constructed as a pf G- oup object.

The get Scene() 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 code is asfollows:

pf G oup* si npl ePf App: : get Scene ()
{
return nmRoot Node;

The simplicity of this method implementation is not limited to the ssmple tutorial from which it istaken. All Per#
former-based VR Juggler applications can take advantage of thisidiom where the root node is a member variable
returned in get Scene() .

Other vj Pf App Methods

Besides the two methods discussed so far, there are severa other methodsin vj Pf App that extend the basic vj App
interface. Each is discussed in this section.

preForklnit()

Prototype:
public void preForklinit();

This member function allows the user application to do any processing that needs to happen before Performer forks
its processes but after pf | ni t () iscalled. In other words, it isinvoked after pf | ni t () but before
pf Confi g().

appChanFunc()

Prototype:
public void appChanFunc(pf Channel * chan);
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This method is called every frame in the application process for each active channel. It is called immediately before
rendering (pf Fr ame() ).

confi gPWn()

Prototype:
public void confi gPW 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 buffer#
ing, and RGBA are al requested by default.

dr awChan()

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 be#
havior of thisfunction 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.) This functionis
the draw traversal function but with the projections set correctly for the given displays and eye. Prior to the invoca
tion of this method, chan is ready 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 anme() ).

post Dr awChan()

Prototype:
public void post DrawChan( pf Channel * chan,
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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 ame() ).

VTK Applications
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Chapter 5. Porting to VR Juggler from the
CAVElib™

In this chapter, we give some methods for porting an application written with the CAVEIib™ software to VR Jug#
gler. We explain the process for an OpenGL application. Throughout, we compare and contrast the techniques used
by VR Juggler and the CAVEIib™ software, and we translate concepts familiar to CAVEIib™ programmers into
VR Juggler terms.

The Initialize, Draw, and Frame Routines

Inthe CAVEIlib™, 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
isa C++ class that defines methods to encapsul ate the functionality of the application within asingle C++ object.

In CAVEIlib™

The following lists the draw, frame, and initialize routines used in the CAVEIib™ software.

» Draw: An application's display callback function is defined by passing a function pointer to CAVEDI spl ay ()
e 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 a new application class
fromvj A 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 vjd App
{

The draw, frame, and initialize routine conceptsin VR Juggler are presented in the following list.
e Draw: An application's display “callback” function is defined by amember function called dr aw( ) inthe de#
rived class. Thisiswhere OpenGL rendering commands such asgl Begi n() , gl Vert ex(), 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::preFrame(), caledbeforedraw()
2. MyApplication::intraFranme(),caledduringdraw)
3. MyApplication:: postFrane(), caledafter dr aw()
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» Init: Thereisan initialization member function for data and an initialization member function for creating con#
text-specific data (display lists, texture objects). The latter is called for each display context in the system. These
two member functions are:

1. MApplication::init(),caledonceperapplication startup

2. MyApplication::contextlnit(), calledonceper display context creation

Readers who find some of these concepts unfamiliar are encouraged to read the section called “ OpenGL Applica#
tions’. 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 different
between the CAVElib™ software and VR Juggler.

In CAVEIlib™

To get tracking information, the following functions are used:

 CAVEGet Posi tion(id, pos)

e CAVEGetOrientation(id, orient)

 CAVEGet Vector (id, vec)

e CAVEGCet Sensor Posi ti on(sensor, coords, pos)

e« CAVEGet SensorOri entation(sensor, coords, orient)

e CAVEGCet 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

» CAVEBut t onChange()

In VR Juggler

To get device input, use the classes derived from vj Devi cel nt er f ace. They include the following:

* vj Posl nterface (for trackers and other positional devices)
« vjDigitallnterface (for buttons and other on/off devices)

* vj Anal ogl nt er f ace (for potentiometers and other multi-range data devices)
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For more information about the VR Juggler device interfaces, refer to Chapter 3, Helper Classes. A tutoria on get#
ting device input in VR Juggler applications can be found in the section called “ Getting Input”.

Configuration

Configuration of VR Juggler and the CAVEIib™ softwareis very different. The differences are too numerousto list
here, but we give a brief overview and a pointer to the documentation that explains configuration of VR Juggler.

In CAVEIlib™

All configurable parametersgo in asinglefile called . caver c. The configuration mechanism is proprietary and
not usable by external VR system software. In particular, VR Juggler cannot get its configuration 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 CAVEIlib™ software. As
aresult, 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/ 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 VjControl book for more information on config#
uring VR Juggler.

Important Notes

Finally, before we get to the source code, there are some important notes about programming VR Juggler applica#
tionsin general. Please read these carefully and refer to the indicated chapters for more information as necessary.

Shared Memory

Unlike the CAVEIib™ software, VR Juggler does not have to manage shared memory with other VR Juggler in#
stances. Thus, when writing a VR Juggler application, memory can be created asin anormal, single-threaded C or
C++ application.

OpenGL Context-Specific Data

As aresult of the shared memory model described above, VR Juggler has different requirements for context-specific
data than the CAVEIib™ software. 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
placedinvj G App: : context |l nit().Itiscalled once per display context after each context has become act#
ive. For amore detailed description of these concepts and a tutorial 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 a means to illustrate how
CAVEIib™ concepts map to VR Juggler.
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The Form of a Basic CAVEIlib™ Program

1 void app_shared_i
voi d app_conpute_
voi d app_init_gl(
voi d app_draw);

5 void app_conput e(

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 Appl i cation(app_init_gl,0);
CAVEDi spl ay(app_draw, 0);
app_conpute_init(argc, argv);

15 ?hile (! get butt on( ESCKEY))

app_conput e() ;

CAVEEXi t () ;
20 }

The Form of a Basic VR Juggler Program

1 class MyApplication : public vjd App

publi c:
/! 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();

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

/1 configure kernel with *.config files
vj Kernel * kernel = vjKernel::instance(); // Get the kerne
for(int i=1; i<argc; i++)
20
/1 loading config file passed on command line..
kernel - >l cadConfigFile(argv[i]);

25 /1l start the kerne
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);
/] hit CTRL-C to exit.
while (1)
35 /1 Juggl er executes within other threads, so sleep here.

usl eep( 100000 );
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Chapter 6. Porting to VR Juggler from
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 translate concepts familiar to GLUT
programmers into 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 in#
teresting is the stereo mode. Stereo mode requires special hardware to display stereo, and it creates the most im#
mersive experience. A Simulator Display is special because it emulates an active VR system. It can show the all act#
ive user head positions and orientation, any active devices such as gloves or wands, and any Surface Displays. The
simulator window is nice for debugging tracking systems and for visualizing configured Surface Displays.

The Initialize, Draw, and Frame Routines
In GLUT

In GLUT, the initialize, 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 isa C++ class
that defines methods to encapsulate the functionality of the application within a single 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() .

e Frame: Operations on application data are done within the frame routine. No OpenGL commands are allowed
here because the display window is undefined at this point. The frame function is defined with gl ut | dl e#
Func() . Thisfunction generally doesagl ut Post Redi spl ay() to causethe display callback to be ex#
ecuted.

e Init: Thereisno calback for initiaization. Datainitialization is done usually before the application starts. Con#
text initialization is done during the first run of the function set with gl ut Di spl ayFunc() (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 a new application class
fromvj A 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:

cl ass MyApplication : public vjQd App
{

The draw, frame, and initialize routine conceptsin VR Juggler are presented in the following list.
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o Draw: Anapplication's display “callback” function is defined by a new member function called dr aw( ) in the
derived class. Thisiswhere OpenGL rendering commands such asgl Begi n(), gl Vert ex(), 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::preFrame(), caledbeforedraw()
2. MyApplication::intraFrame(),caledduringdraw)
3. MApplication:: postFrame(), caled after dr awm()

e Init: Thereisan initialization member function for data and an initialization member function for creating con#
text-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(), calledonceper display context creation

Readers who find some of these concepts unfamiliar are encouraged to read the section called “ OpenGL Applica#
tions’. 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:

e gl ut Keyboar dFunc( OnKeyboar dDown)
» gl ut Keyboar dUpFunc( OnKeyboar dUp)
* gl ut Speci al Func( OnSpeci al Keyboar dDown)

» gl ut Speci al UpFunc( OnSpeci al Keyboar dUp)
For mouse input, the following functions are used:

e gl ut MouseFunc( OnMouseBut t on)
e gl ut Mbti onFunc(OnMbusePosi ti on)

e gl ut Passi veMdti onFunc(OnMousePosi ti on)

In VR Juggler
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To get device input, use the classes derived from vj Devi cel nt er f ace. They include the following:

» vj Posl nt erface (for trackers and other positional devices)
« vjDigitallnterface (for buttons and other on/off devices)

* vj Anal ogl nt er f ace (for potentiometers and other multi-range data devices)

For more information about the VR Juggler device interfaces, refer to Chapter 3, Helper Classes. A tutoria on get#
ting device input 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

Thereis 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 configurable para#
meters 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/ 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 VjControl book for more information on config#
uring VR Juggler.

Important Notes

Finally, before we get to the source code, there are some important notes about programming VR Juggler applicad
tionsin general. Please read these carefully and refer to the indicated chapters for more information as necessary.

Shared Memory

VR Juggler is multi-threaded, and it uses a shared memory model across al threads. Thus, when writing a VR Jug#
gler 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

As aresult of the shared memory model described above, VR Juggler has different requirements for context-specific
datathan 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 in

vj @ App: :contextlnit().Iltiscalled 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
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“Context-Specific Data’.

Source Code

Thisfinal section isthe heart of the porting discussion. We present some source code as a means to illustrate 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
* I'n VR Juggl er, window creation is done for you based on your configuration file
*/setti ngs.
10 gl utlnit WndowSi ze( 640, 480 );
glutinit( &rgc, argv );
gl utlnitDisplayMde( GLUT_RGBA | GLUT_DEPTH | GLUT_DOUBLE );
gl ut Creat eW ndow( "GLUT 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
* Vj G 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, |ike the nouse does)
*/
gl utl gnoreKeyRepeat ( 1 );

30 /* keyboard cal |l 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

/* mouse cal | back functions... */

gl ut MouseFunc( OnMoused ick );

gl ut Moti onFunc( OnMousePos );

gl ut Passi veMoti onFunc( OnMousePos );
40

[* start the application [oop, your callbacks wll
* time for glut to sit and spin. In Juggler this i
* (see bel ow)

*/

now be called
is the same as the while(1)

45 gl ut Mai nLoop() ;

The Form of a Basic VR Juggler Program

1 class MyApplication : public vjd App
{
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publi c:
/1 Data callbacks (Do not put OpenGL 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
vj Kernel * kernel = vjKernel::instance(); // Get the kerne
for(int i=1; i<argc; i++)
20
/1 loading config file passed on command |ine..
kernel - >l oadConfigFile(argv[i]);

25 /|l start the kerne
kernel ->start();

/1 set the application for the kernel to run
MyAppl i cation* application = new M/Application();

30 kernel - >set Appl i cati on(application);
/1 hit CTRL-Cto exit.
while (1)
35 /1 Juggl er executes within other threads, so sleep here.

usl eep( 100000 );
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Chapter 7. System Interaction

In this part of the book, we present information for advanced users who want to create applications that take advant#
age of VR Juggler features such as threading, run-time reconfiguration, and device driver authoring. While we do
recommend 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 8. 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 difficult to understand. This
chapter iswritten 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 isamulti-threaded software system. We have built up a cross-platform abstraction for threads and syn#
chronization primitives as part of making VR Juggler more portable. This abstraction is available to application de#
velopers. 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. Usethevj App: :intraFrane() application object member function
2. Usetriple-buffered data

3. Useseparate threads with the vj Thr ead class

Helper Classes

All the techniques presented in the previous section reguire some form of synchronization to protect the data ac#
cessed by multiple threads. Devel opers who choose the third option and use separate threads must learn the VR Jug#
gler thread API. This section presents all the helper classes available for multi-threaded VR Juggler application pro#
gramming. We begin with the thread APl and then move on to the synchronization primitive API.

Using the vj Thr ead Interface

When considering multi-threaded programming, it isimportant to know that with great power comes great respons#
ibility. The power is being able to provide multiple threads of control in asingle application. The responsibility is
making sure those threads get along with each other and do not step on each other's data. VR Juggler is a multi-
threaded library which makes it very powerful and very complex.

Asacross-platform framework, VR Juggler uses an internal threading abstraction that provides a uniform 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.

Recommended Reading

It is assumed that readers already know the basics of multi-threaded programming including the definition of thread
of control. What is described here is how to use the VR Juggler thread interface, vj Thr ead, not how to write
multi-threaded software. For that reason, it is recommended that readers be familiar with the following publications
before continuing:

» Pthreads Programming [http://www.oreilly.com/catal og/pthread/] by Bradford Nichols, Dick Buttlar, and Jac#
queline Proulx Farrell.
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» Thesproc(2) manua pageon IRIX or on SGI'stechnical publications site
[http://techpubs.sgi.com/library/tpl/cgi-bin/getdoc.cgi ?col|=0650& db=man& fhame=/usr/share/catman/p_man/ca
t2/standard/nsproc.z& srch=sproc].

» Thept hread(3) manua page for your operating system. The pthread functions are part of a POSIX standard
and will be the same across platforms.

High-Level Description

Thethreading interface in VR Juggler is modeled after the POSIX thread specification of POSIX.1b (formerly
POSIX.4). The main difference isthat VR Juggler's interface is object-oriented while POSI X threads (pthreads) are
procedural. The basic principles are exactly the same, however. A function (or class method) is provided to thevj #
Thr ead class, and that function is executed in athread of control that isindependent of the creating thread.

Threads are spawned (initialized and begin execution) when thevj Thr ead constructor iscalled. That is, when in#
stantiating avj 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 thisistrue with vj Thr eads. Do not make any assumptions
about when the thread will begin running. It may happen before or after the constructor returnsthe vj Thr ead ob#
ject.

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 create a structure and pass a pointer to it
tothevj Thr ead constructor.

Onceavj Thr ead object is created, it acts as an interface into controlling the thread it encapsulates. Thread signals
can be sent, priority changes can be made, execution can be suspended, etc. Thisinterfaceis the focus of this sec#
tion.

Using vj Thr ead
Use of vj Thr ead isintended to be easy. Multi-threaded programming has enough complications without having a
difficult APl aswell. In almost all cases, thread creation can be done in a single step, executed one of two ways:
1. Passafunction pointer to thevj Thr ead constructor along with any argument that should be passed to the

function when the thread is created

2. Passafunctor tothevj Thr ead constructor
The second appears easier, but to create the functor, an argument to the function executed by the thread may still
have to be passed. The presence of the argument depends on the specific function being run by the thread. In addi#
tion to the function pointer or functor, parameters such as the priority and the stack size may be passed to the v #

Thr ead constructor, but the defaults for the constructor are quite reasonable.

A minor issue with creating avj Thr ead isthe concept of functors. The topic of functors will be put off until an#
other section. For now, just think of them as wrappers around function pointers.

Before writing code that usesvj Thr eads, make sure that the header file Thr eads/ vj Thr ead. h isincluded.

Never include the platform-specific headers such as Thr eads/ vj Thr eadPosi x. h. Thesinglefile Thr eads/
vj Thread. hisall that isrequired.

Creating vj Thr eads

The following example illustrates how to create a thread that will execute afunction called r un() that takes no ar#
guments. The prototype for run() is:
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void run(voi d* args);

Thiswill be the same across al platforms. The thread creation code is then:
vj Thread* thread,

thread = new vj Thread(run);

At this point, a newly spawned thread is executing the codeinr un() . It is advisable to hang onto the variable
t hr ead so that the thread may be controlled as necessary.

That was pretty easy. What if you want to pass one or more argumentsto r un( ) so that its behavior can be modi#
fied based on some variables? Not surprisingly, that isfairly easy too. As mentioned above, if there is more than one
argument to pass to the thread function, they will have to be collected into a struct, and pointer to that struct will
have to be passed. A common way to do thisis asfollows:

struct ThreadArgs
int id;
char nane[ 40];
/1 And so on...

1
voi d someFunc ()
/1 Qther code ...

Thr eadAr gs* args;
vj Thread* thread;

args = new ThreadArgs();
/1 Fill in the elements of args ...

t hread = new vj Thread(run, (void*) args);

When creating a single thread, this works beautifully. If multiple threads are needed, al taking the same type of ar#
gument, there must be a separate argument structure instance for each one. A bunch of pointers can be declared, or
the same pointer can be reused over and over. The address passed to each thread will be unique either way. Using
this method requires that the argument memory be released before the thread exits, of course.

Waiting for a Thread to Complete

Once we have athread running, it is often useful to synchronize another thread so that its execution halts until the
running thread has completed. Thisis called “joining threads’. The following example illustrates how this can be
done:

vj Thread* thread;

thread = new vj Thread(run);

/1 Do other things while the thread is going ...
t hread->j oin();

// Now that the thread is done, continue.
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Here, the creator of thread can be another vj Thr ead, or it can be the main thread of execution (though it will not
be that way in a VR Juggler application). In other words, any thread can create more threads and control them. What
happens in this example isthat thread is created and begins running. Meanwhile, the creator thread continues to do
some more work and then must wait for t hr ead to finish its work before continuing. It callsthej oi n() method,
ablocking call, and it will not return until t hr ead has completed.

Whileit is not demonstrated here, thej oi n() method can take a single argument of type void**. It is a pointer to a
pointer where the exit status of the joined thread is stored. The operating system fills the pointed to pointer with the
exit status when the thread exits.

It isvery important to note that in VR Juggler 1.0, the implementation of thread joining isincomplete for IRIX
SPROC threads. The next major release of VR Juggler will have this corrected.

Suspending and Resuming a Thread's Execution

Sometimes, it may be necessary to suspend the execution of arunning thread and resume it again later. There are
two methodsin thevj Thr ead interface that do just this. Assuming that there is aready arunning thread pointed to
by the object t hr ead, it can be suspended as follows:

t hr ead- >suspend() ;

Resuming execution of the suspended thread isjust as easy:

t hr ead- >resune() ;

On successful completion, both methods return O. If the operation could not be performed for some reason, -1 is ref
turned to indicate error status.

Getting and Setting a Thread's Priority

Changing the priority of athread tells the underlying operating system how important athread is and givesit hints
about how to schedule the threads. If no value for the priority is given to the constructor, all vj Thr eads are created
with the default priority for al threads. Vaues higher than O for the priority request a higher priority when the thread
is created.

Besides being able to set the priority when the thread is created, it is possible to query and to adjust the priority of a
running thread. Assuming that there is already arunning thread pointed to by the object t hr ead, its priority can be
requested as follows:

int prio;

t hr ead- >get Pri o( &pri o) ;

Thethread's priority isstored in pr i o and returned viathe pointer passed to theget Pri o() method. Setting that
thread's priority is also easy:

int prio;

/1l Assign some priority value to prio ...

t hr ead- >set Pri o(prio);

On successful completion, both methods return 0. If the operation could not be performed for some reason, -1 is reft
turned to indicate error status.
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Sending Signals to a Thread

On UNIX-based systems, asignal is sent to aprocessusing theki I | (2) system call. With POSIX threads, signals
aresentusing pt hread_ki I | (3) . VR Juggler'sthread interface implementstheseideas using aki | | () meth#
od. There are two ways to call this method: with an argument naming the signal to be delivered to the thread or
without an argument which cancels the thread's execution. The first of these is described in this section, and the
second is described in the next section.

A problem does arise here, unfortunately. Signals are not supported on all operating systems (notably, Win32). The
interface is consistent, but code written on IRIX will not compile on Win32 if, for example, it sendsa Sl GHUP to a
thread. An improved thread interface is being designed to overcome problems such as this one. For now, we de#
scribe this part of the interface as though it is supported completely on all platforms.

Asusual, assume there is arunning thread, a pointer to whichisstored int hr ead. Tosend it asigna (SI G NT,
for example), use the following:

thread->kill (SI G NT);

The signal will be delivered to the thread by the operating system, and the thread is expected to handle it properly.
Thisversion of theki I | () method returns O if the signal is sent successfully. Otherwise, -1 is returned to indicate
that an error occurred.

Canceling a Thread's Execution

As described in the previous section, using the ki | | () method with no argument cancels the execution of the
thread. When using POSI X threads, thisis actually implemented using pt hr ead_cancel (3) . On IRIX with
SPROC threads, a Sl GKI LL is sent to the thread to end its execution forcibly. The syntax for using this method is
basically the same as in the previous section, but it is repeated to make that clear. Again assuming that thereisa
running thread with a pointer toitsvj Thr ead object stored int hr ead, use the following:

thread->kill();

Unlike the syntax used to send asignal to athread, thisversion of ki | | () does not have areturn value.

Users of POSIX threads may be wondering if thevj Thr ead API provides away to set cancellation pointsin the
code. Unfortunately, it does not at thistime. Extending the interface in this way is being considered, but cancellation
points do not have meaning with all thread implementations.

Requesting the Current Thread's Identifier

Lastly, it is common to request the currently running thread's identifier. This only makes sense when called from a
point on that thread's flow of execution. (In POSIX threads, thisisthe notion of “self”. For IRIX SPROC threads,
this means getting the process ID.) Thevj Thr ead API provides a static method that can be called at any timein
the thread that is currently running. It returns a pointer to avj BaseThr ead (the basic type from which vj #

Thr ead inheritsitsinterface). The syntax is asfollows:

vj BaseThread* ny_id;
ny_id = vjThread::self();

The returned pointer can then be used to perform all of the previously described operations on the current thread.

The Gory Details

The current threading implementation in VR Juggler isalittle difficult to understand. The code is not complicated at
all, but because al platform-specific implementations are referred to asvj Thr eads, the details can get lost in the
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shuffle. To begin, the current list of platform-specific thread implementation wrapper classes are:

* vj ThreadSQA : A wrapper around IRIX SPROC threads (refer to the spr oc( 2) manual page for more in#
formation)

* vj ThreadPosi x: A wrapper around POSIX threads (both Draft 4 and Draft 10 of the standard are supported)
e vj ThreadW n32: A wrapper around Win32 threads

Theinterfaceitself isdefined invj BaseThr ead, and all of the above classes inherit from that class.

The threading implementation used is chosen when VR Juggler is compiled. To use a certain type of thread system,
be sure that the version of VR Juggler in use was compiled with the type of threads desired. When the VR Juggler
build is configured, preprocessor #def i ne statements are madein vj Def i nes. h that describe the threading sys#
tem to use. Based on that, the header file Thr eads/ vj Thr ead. h makes several typedefs that set up one of the
platform-specific thread implementations to act asthe vj Thr ead interface. For example, if compiling on Win32,
theclassvj Thr eadW n32 istypedef'd to bevj Thr ead. Since theinterface is consistent among all the wrappers,
everything works as though that was the way it was written to behave.

The current implementation is modeled after the POSIX thread API for the most part. When designing it, we ap#
proached it with the idea that having a more complete APl was more important than having a
“lowest-common-denominator” API. That is, just because not all threading implementations support a specific fea#
ture does not mean that the API should suffer by not having that feature. Whether this was a good approach or not is
an open debate.

As mentioned in the previous section, the next major release of VR Juggler (2.0 as of thiswriting) dramatically
changes the way the threading subsystem in VR Juggler isimplemented. We have added a wrapper around Netscape
Portable Runtime [http://www.mozilla.org/projects/nspr/index.html] (NSPR) threads. We have removed the
Win32-specific threads because NSPR already supports that implementation. Further implementations may be re#
moved in favor of using what NSPR offers. Doing thiswill offload much of our efforts onto the NSPR. Most of
what has been described inthevj Thr ead interface has remained consistent after this change. NSPR threads do not
support all the features we have, however, because they took the lowest-common-denominator approach. Aswith all
technology, there is atrade-off in relieving some of our work load by using an existing cross-platform thread imple#
mentation: our interface becomes limited to what features that implementation provides. It remains to be seen ex#
actly how much of VR Juggler's threading subsystem will be removed, and those programmers who choose to use it
should be careful to watch the mailing lists for discussions and announcements about changes.

Using the vj BaseThr eadFunct or Interface

In this section, we explain the concept and use of functors. Aswith much of VR Juggler, afunctor is a high-level
concept that encapsulates something quite smple. A functor is defined as “something that performs an operation or
afunction.” Whilethisis not very detailed, it is clear and concise. In VR Juggler, functors can be used as the code
executed by athread (refer to the section called “ Using the vjThread Interface” for more detail on the topic of vj #
Thr eads). This section describes how to use functors for exactly that purpose.

High-Level Description

As mentioned, afunctor isused in VR Juggler with vj Thr eads. VR Juggler's threads can execute two types of
functions: normal C/C++ functions and class methods or functors. The former was described in the section about us#
ingvj Thr eads, and the latter is described here. The use of functorsis given more attention because the concept
may be foreign to some programmers. Those who aready know about functors can skip this short description and go
straight to the section on using functors.

In VR Juggler, afunctor is simply another object type that happens to encapsulate a user-defined function. The de#
tails on how thisis done are not important here, but they are provided later for those who are interested. What isim#
portant to know is that a functor can be thought of as a normal function. When using them, programmers simply im#
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plement afunction and then pass the function pointer (and the function's optional argument) to the functor's con#
structor. The object does the rest.

Observant readers may have noticed the parenthetical phrase in the previous paragraph mentioning a function's op#
tional 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 wonderfully vague void*, an artifact of basing the
threading subsystem on C libraries. As discussed in the section on using vj Thr eads, if thereis a need to pass mul#
tiple arguments, they must be encapsulated in a struct or a comparable object.

Once afunctor object exists, it is passed to thevj Thr ead constructor, and the new thread will execute 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 aneed to run amember function in a separate thread, but making it static isinfeasible or
awkward. Thus, it would be best to pass a non-static member function to the created thread. To get accessto the
non-static data members, however, the C++t hi s pointer must be available to the thread. By using aVR Juggler
functor, that is al handled behind the scenes so that passing a non-static member function is straightforward.

Before getting into specifics, thereis a header file that must be included to use VR juggler thread functors. In this
case, the header isThr eads/ vj Thr eadFunct or . h. Within this header, vj BaseThr eadFunct or isde#
clared as an abstract base class. It has two subclasses implementing itsinterface: vj Thr eadMenber Funct or and
vj Thr eadNonMenber Funct or . Both of these subclasses will be discussed in turn next.

vj Thr eadMenber Funct or

Thisimplementation of vj BaseThr eadFunct or isfor al functionsthat fall into the rather elite category of bet#
ing non-static class member functions. To be more specific, those member functions (heretofore referred to as
“methods’) must have the following prototype:

voi d net hodNane(voi d* arg);

Those readers with experience in multi-threaded programming will recognize this prototype instantly. It is no differ#
ent than that used in common threading implementations. Constructing the functor to use this method, however, is
quite different than what readers may have seen before.

Say thereisaclass MyObj ect with amethod r un() having the appropriate prototype that will be executed by a
vj Thr ead object. Inthiscase, r un() takesan argument that is a pointer to a pre-defined type thread_args t. Also
assume that there is an instance of MyQbj ect pointed to by the variable my _obj . The following code creates the
vj Thr eadMenber Funct or object that will encapsulate the method:

vj Thr eadMenber Funct or <MyQbj ect >* ny_functor;
thread_args t* args;
vj Thr ead* t hread;

args = new thread_args_t();
/1 Fill in the argunents to be passed to the thread...

nmy_functor = new vj Thr eadMenber Funct or <MyQbj ect >(ny_obj, &WObject::run, (void*) args);
thread = new vj Thread(ny_functor);

Theimportant thing to note in this exampleisthat vj Thr eadMenber Funct or isatemplate class. When creating
the functor instance, the class must be specified as the template parameter. (If you do not understand this syntax,
take alook at a C++ book that covers the current C++ standard.) Also note that when creating the new vj Thr ead
object, the argument structure is not passed to the constructor. Theargument tor un() is packaged up with the
function in the functor object my _f unct or . Once this code has executed, a new thread is spawned that will run the
run() method given the provided argument structure.
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Thevj BaseThr eadFunct or interface defines an extramethod set Ar g() that allows the function's argument
to be set after the functor object is created. The argument to the constructor providing the function's argument is op#
tional and will default to NULL if not specified. At alater time, should there be an argument to provide, the follow#
ing can be used:

thread_args_t* args = new thread_args_t();
[l Fill in args ...
nmy_functor->setArg(args);

This assumes that there is already a functor object instantiated called my_f unct or . Alternatively, set Ar g()
could be used to remove a previously defined argument by passing NULL.

Thelast thing to noteis that alot of memory is being alocated dynamically in the example code. Be careful to deal#
locate the memory when it is no longer needed.

vj Thr eadNonMenber Funct or

Thisimplementation of vj BaseThr eadFunct or isthe complement of the set of functions contained by vj #
Thr eadMenber Funct or . It isused for normal C/C++ functions and for static class member functions. Thereis
nothing terribly interesting about this class, and its useis straightforward. The following example, an adaptation of
that presented in the previous section, shows how to use this interface rather than passing a function pointer and an
argument to the vj Thr ead constructor. In this case, assume that the function r un() is appropriately defined for
use here.

vj Thr eadNonMenber Funct or* ny_funct or;
thread_args t* args;
vj Thread* thread,

args = new thread_args_t();
/1 Fill in the argunents to be passed to the thread...

nmy_functor = new vj Thr eadNonMenmber Funct or (run, (void*) args);
t hread = new vj Thread(ny_functor);

That isal thereisto it. Programmers end up doing more work than if they had just passed the function pointer and
the associated argument to the vj Thr ead constructor directly, but thevj Thr ead constructor isrelieved of some
work. (The reason for thisis described below.) Thus, either way is equally efficient, and what you use is up to you.

The Gory Details

The magic behind these functors is done by overloading oper at or () for vj BaseThr eadFunct or objects.
Both implementations of the interface store the function pointer (and optional argument pointer), and when vj Ba#
seThr eadFunct or: : oper at or () isinvoked, they call the function and pass the argument if there is one.
Thereisalittle more magic with thevj Thr eadMerber Funct or , however, that allows it to work with the non-
static methods of a given class.

Theclassvj Thr eadMenber Funct or worksits extra-special magic through the use of atemplate and one of
C++'sdustier operators, ::*. This operator is used to point to a member of aclass. In this case, it points to the method
that will be executed by the thread. When used in conjunction with the provided class instance (thet hi s pointer),
the non-static method can be invoked by the functor.

One interesting thing to note about vj Thr eadsisthat they deal only in functors. More specifically, they deal only
with objects that subsumetovj BaseThr eadFunct or . If afunction pointer and its argument are passed directly
tothevj Thr ead constructor, avj Thr eadNonMernber Funct or object is created to package those arguments.
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That new functor is then used internally by the thread. Thus, whether you choose to create a non-member functor or
to pass the function pointer and associated argument, the same code will be executed.

Using the vj Semaphor e Interface

The most important part of multi-threaded programming is proper thread synchronization so that access to shared
datais controlled. Doing so resultsin consistency among all threads. Semaphores are a very common synchroniza#
tion mechanism and have been used widely in concurrent systems. This short section describes the cross-platform
semaphore interface provided with and used by VR Juggler. It does not explain 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 al.

High-Level Description

Aswith threads, a cross-platform abstraction layer has been written into VR Juggler to provide a consistent way to
use semaphores on all supported platforms. The primary goal behind the interface design isto provide the common
P (acquire) and V (release) operations. The interface does include methods for read/write semaphores, but as of this
writing, that part of the interface is not complete. Because of that, the use section does not cover that part of the in#
terface. When the implementation is complete, this section will be expanded.

As always, there is a header file that must be included to use vj Sermaphor e. Thistime around, the fileis Sync/

vj Semaphor e. h. Do not include any of the platform-specific implementation files. That is all handled appropri#
ately within Sync/ vj Semaphor e. h.

Creating a vj Semaphor e

When creating avj Semaphor e object, give theinitial value that represents the number of resources being con#
trolled by the semaphore. If no valueis given, the default is 1 which of course gives a binary semaphore. Binary
semaphores are better known as mutexes (see the section called “Using the viMutex Interface” for more information
about mutex usein VR Juggler). An example of creating a simple semaphore to control access to five resourcesis as
follows:

vj Sermaphore sema(5);

This creates a semaphore capable of controlling concurrent access to five resources. At some point, if thereis a need
to change the number of resources, amethod called r eset () isprovided. Pass the new number of resources, and
the semaphore object is updated appropriately:

senm. reset (4);

The semaphore serma now controls access to only four resources.

Locking a Semaphore

When athread needs to acquire access to shared data, it locks a semaphore. Inthevj Semaphor e interface, thisis
accomplished using theacqui r e() method:

sema. acqui re();
Asexpected, acqui r e() isablocking call, so if the semaphore's valueis less than or equal to 0, the thread re#
questing the lock will block until the semaphore's value is greater than 0. Note that the return value of acqui r e()

isalittle different than most calls. If the lock isacquired, 1 isreturned. If the attempt to lock the semaphore fails for
some reason, -1 isreturned. The newer API associated with VR Juggler 2.0 resolves this inconsistency.

Releasing a Locked Semaphore
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Finally, when access to the critical section is complete, the semaphoreisreleased using ther el ease() method:

sena. rel ease();

If the locked semaphore is released successfully, O is returned. Otherwise, -1 is returned.

The Gory Details

Those who have read the Gory Details section for vj Thr eadswill find this section very familiar. Aswith vj #
Thr eads, there are several platform-specific semaphore implementation wrapper classes:

* vj Semaphor eSA : A wrapper around IRIX shared-arena semaphores (refer to theusnewsema( 3P) and re#
lated manual pages for more information)

» vj Semaphor ePosi x: A wrapper around POSIX real-time semaphores (POSIX.1b, formerly POSIX.4)

e vj Semaphor eW n32: A wrapper around Win32 semaphores

Unlikevj Thr ead, however, there is no base interface from which these implementations inherit. Performance de#
creases caused by virtual functions are avoided this way.

The semaphore implementation used is chosen when VR Juggler is compiled and will always match the thread im#
plementation being used. When the VR Juggler build is configured, preprocessor #define statements are madein

vj Def i nes. h that describe the threading system and thus the semaphores to use. Based on that, the header file
Sync/ vj Semaphor e. h makes several typedefs that set up one of the platform-specific implementations to act as
thevj Semaphor e interface. For example, if compiling on Linux, the classvj Senpahor ePosi x istypedef'd to
vj Semaphor e. Since the interface is consistent among al the wrappers, everything works as though that was the
way it was written to behave.

Using the vj Mut ex Interface

In addition to cross-platform semaphores, VR Juggler provides an abstraction for cross-platform mutexes. Mutexes
are aspecial 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 vj Mut ex interface provided with and used
by VR Juggler.

High-Level Description

The cross-platform mutex abstraction in VR Juggler is critical for synchronizing access to shared data. Those who
have read the section on vj Senaphor e will find this section very, very familiar. The interface for vj Mut ex isa
subset of that for vj Sermaphor e since mutexes are binary semaphores. They can be locked and unlocked. That is
all thereisto know. Thevj Mut ex interface does include some methods for read/write mutexes, but this implet
mentation is incomplete and is not documented here for that reason. When the implementation is finished, this doc#
umentation will be expanded.

The header fileto include for using vj Mut ex isSync/ vj Mut ex. h. Aswith other classes discussed in this
chapter, it isimportant not to include the platform-specific header files.

Creating a vj Mut ex

When creating avj Mut ex object, there are no specia parameters to pass or considerations to be made. An example
of creating amutex is as follows:

vj Mut ex nut ex;
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There is nothing more to say thistime.

Locking a Mutex

When athread needs to acquire access to shared data, it can lock amutex. Inthevj Mut ex interface, thisis accom#
plished using theacqui r e() method:

nmut ex. acquire();

Asexpected, acqui r e() isablocking call, so if the mutex is already locked by another thread, the thread request#
ing the lock will block until the mutex is released by the other thread. Note that the return value of acqui re() isa
little different than most calls. If the lock isacquired, 1 isreturned. If the attempt to lock the semaphore fails for
some reason, -1 isreturned. The newer API associated with VR Juggler 2.0 resolves this inconsistency.

Attempting to Lock a Mutex

If there is aneed to lock a mutex only when the call would not block, a method is provided to do this. It is called
tryAcqui re(), anditwill not block if the mutex is already locked. It works as follows:

mut ex. tryAcquire();

If the mutex islocked, 1 isreturned. Otherwise, O isreturned. The call does not block.

Testing the State of a Mutex

In addition to conditional locking, the state of a mutex can be tested to seeif it islocked or unlocked. Thisis done
usingthet est () method asfollows:

int state = nutex.test();

If the mutex is not locked, O isreturned. Otherwise, 1 isreturned.

Releasing a Locked Mutex

When access to the critical section is complete, alocked mutex isreleased using ther el ease() method:

sema. rel ease();

If the locked mutex is released successfully, 0 is returned. Otherwise, -1 is returned.

The Gory Details

Those who have read the Gory Details sections for vj Thr eadsor for vj Semaphor eswill find thislast section
very familiar (and probably uninteresting at this point). Aswith vj Thr eadsand vj Semaphor es, there are sever#
al platform-specific mutex implementation wrapper classes:

* vj Mut exSQA : A wrapper around IRIX shared-arena mutexes (refer to theusnew ock( 3P) and related
manual pages for more information)
» vj Mut exPosi x: A wrapper around POSIX real-time mutexes (POSIX.1b, formerly POSIX.4)

e vj Mut exW n32: A wrapper around Win32 mutexes
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Similar to vj Semaphor e, thereis no base interface from which these implementations inherit. Performance issues
caused by virtual functions are avoided by doing this.

The mutex implementation used is chosen when VR Juggler is compiled and will always match the thread imple#
mentation being used. When the VR Juggler build is configured, preprocessor #define statements are madein

vj Def i nes. h that describe the threading system and thus the mutexes to use. Based on that, the header file
Sync/ vj Mut ex. h makes several typedefs that set up one of the platform-specific implementations to act as the
vj Mut ex interface. For example, if compiling on Solaris, the classvj Mut exPosi x istypedef'd to bevj Miut ex.
Since the interface is consistent among all the wrappers, everything works as though that was the way it was written
to behave.
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Chapter 9. Run-Time Reconfiguration

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 hereis to introduce the concepts,
justify the value of run-time reconfiguration, and then present its use so that devel opers can take full advantage of
this feature.

How Run-Time Reconfiguration Works
Reasons to Use Run-Time Reconfiguration

Using Run-Time Reconfiguration in an Application

There are four steps involved in adding run-time reconfiguration to a VR Juggler application. We describe each of

them in detail here.

1. Define application chunk descriptions (ChunkDescs)
Thefirst step in adding dynamic reconfiguration capabilities to an application isto 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 ConfigChunks
that will contain it. This essentially means creating a file containing one or more ChunkDescs. To understand
this better, consider the following example. One might define an “ Object” ChunkDesc in an application. The
ChunkDesc would have properties that include the name and type of an object, its color and size, and so forth.
There are several waysto ensure that custom ChunkDescs are read by the application. One way is to load the
ChunkDesc file explicitly (described below), but the smplest way is to include the custom ChunkDesc file
from one of the configuration files the application loads at startup. Instructions for editing ChunkDesc files and
creating new kinds of ChunkDescs are included in the VjControl User's Guide.

2. Implement dynamic reconfiguration interface

The next step is to implement the dynamic reconfiguration interface for the application object. Thisinterfaceis
defined by thevj Conf i gChunkHandl er class and consists of three methods:

virtual bool configCanHandl e(vj Confi gChunk* chunk);

This function should simply return a Boolean (true or false) depending on whether this object knows how
to deal with the ConfigChunk passed to it. If this Chunk uses an application-custom ChunkDescs, this
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should return true. For example:
std::string s = chunk->get Type();
if ( !'vjstrcasecnp(s, "ny_custom chunk_type") )

return true,

virtual bool configAdd(vj ConfigChunk* chunk);

This method is called whenever a ConfigChunk is added to the application, whether by loading a config#
uration file or through a dynamic reconfiguration event. Prior to this, the chunk will have been passed
through the application object'sconf i gCanHandl e() method. Thus, when conf i gAdd() iscalled,
the chunk is destined for the application object.

When conf i gAdd() iscalled, the application should look at the chunk passed to it and decide what to
do. Thismight involve creating a new object, changing the configuration of an already extant object,
changing the values of certain variables, or any number of other possibilities. This flexibility is part of the
power of dynamic reconfiguration with VR Juggler.

virtual bool configRenove(vj ConfigChunk* chunk);

This method is analogous to conf i gAdd() . Itis called when VR Juggler receives acommand to remove
aparticular ConfigChunk. If the ConfigChunk refers to a specific object in the application, the most obvi#
ous behavior would be to remove that particular object. If the ConfigChunk refers to some other properties
of the application, there are several choices for the correct behavior. For example, one might choose to re#
set those properties to their default values. In some cases, it may be desirable or necessary to ignore the
remove request.

Processing ConfigChunks

When an application receives a ConfigChunk to processviaconf i gAdd() or confi gRenmove(), it needs
to retrieve the datain that Chunk in order to decide what to do. ConfigChunks can be very complex, but the in#
terface has been designed to be as simple as possible. We now describe afew of the most important methodsin
the ConfigChunk API.

std::string& vjConfigChunk: : get Type();

This method returns the token of the ChunkDesc which describes this ConfigChunk. Thisisuseful if an ap#
plication uses several kinds of custom ConfigChunk types. With this method, it is possible to distinguish
one from another.

vj Var Val ue& vj Confi gChunk: : get Property(std::string& property_token,
int num;

Thisisthe key method for getting the information contained in a ConfigChunk. Its arguments are the token
associated with a property, and a numeric index. For example, a property might store a coordinate with
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three values, each of which can be accessed separately by using the numbers 0, 1, or 2 for the numpara#
meter.

The return value for this method needs some explanation. vj Var Val ue isa placeholder class designed to
be cast safely to one of avariety of datatypes. Basically, the return value of get Pr opert y() iscastto
whichever type the caller expectsto receive. It is assumed that the caller knows the types of values stored in
agiven property.

vj Var Val ue triesto coax the datain avariety of ways for convenience. For example, the VarValue ret#
turned from an integer, float, or boolean property can be safely cast to a string or char*. Booleans can be
cast to integers and vice versa. The following code fragment gives afew examples of this usage:

std::string s1 = (std::string) chunk->getProperty("nane", 0);
char* s2 = (char*) chunk->getProperty("nane");

/1 NOTE: the cast allocates new nenory for s2, which you are
/'l responsible for deleting.

bool b = (bool) chunk->getProperty("enabl ed");

std::string s3 = (std::string) chunk->getProperty("enabled");

/1 s3 will be one of the strings "True" or "Fal se"

vj Confi gChunk* ch = (vj Confi gChunk*) chunk->get Property("enbedded _chunk", 2);

/1 ch is a copy of the enbedded chunk. Once again, the caller
/1 of getProperty() is responsible for freeing this nenory.

const int vjConfigChunk::getNun{const std::string& property_token);

Sometimes properties of a ConfigChunk can have a variable number of values. A good exampleis a prop#
erty that lists a set of filesto be loaded. The get Nun() method returns the actual number of values of the
named property.

For definitive information about the ConfigChunk API, refer to the VR Juggler Programmer's Reference.

4. Loading and saving configurations

Application Tutorial
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Chapter 10. Adding Device Drivers to VR
Juggler

In thisfinal chapter, we explain how to add device driversto VR Juggler. We begin with a detailed description of
device driver conventionsin VR Juggler and how the driversfit into the VR Juggler Input Manager. We then ex#
plain how device drivers are configured. The chapter concludes with example code showing avery simple driver
that reads button presses.

In-Depth Driver Guide

All device driversin VR Juggler must derive from one or more of the following classes:

e Vj I nput (basecaseof al devicedrivers)
e vjDigital,vjSinDigital

* vj Anal og, vj Si mAnal og

e vjPosition,vjSinPosition

* vjGQove,vjSinDigital d ove,vj d oveGesture

For example, to make a driver that registers button presses, derivefromvj Di gi t al :

cl ass MyNewButtonDevice : public vjDigital

Supposed that ajoystick driver supporting buttons and movement is needed. In this case, an additional component,
this one for analog input, is needed for the X and Y axes. Since the deviceis both digital and analog, its class must

derivefrom both vj Di gi t al andvj Anal og using C++ multiple inheritance:

cl ass MyNewJoystickDevice : public vjDigital, public vjAnalog

Note
To usethe joystick in place of atracker, it should derive instead from vj Posi t i on. Thisway, you can
replace real trackers with your joystick “pseudo tracker”. The main ideais that to be able to replace one

device with another, the aternate device class must derive from the same base classes as the origina
device.

Implementing the Device Driver

Using basic class declaration for MyNewBut t onDevi ce from above, we will proceed with the implementation of
the driver class. First, there are six member functions that must be implemented:

virtual int startSanpling();

Within this function, a new thread is started. Thisthread is used to sample the data from the device. The thread
creation step may look something like the following:
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vj Thr eadMenber Funct or <MyNewBut t onDevi ce>* functor =
new vj Thr eadMenber Funct or <MyNewBut t onDevi ce>(thi s,
&WNewBut t onDevi ce: : sanpl eFuncti on,
NULL) ;
nrhr ead = new vj Thread(functor);

The above creates a thread that will execute MyNewBut t onDevi ce: : sanpl eFuncti on(), anon-static
member function in the class MyNewBut t onDevi ce. Theimplementation of that method would be similar to
the following in most cases

voi d MyNewButt onDevi ce: : sanpl eFuncti on (voi d* arg)

/1l Keep working until someone kills nThread.
while (1)

t hi s->sanpl e();

}
}

The thread can be tested for validity using the method vj BaseThr ead: : val i d() . For more information
on VR Juggler threads, refer to the section called “Using the vjThread Interface’.

virtual int stopSanpling();

Thejob of thisfunctionisto kill the thread created in st ar t Sanpl i ng() . Again, refer to the section called
“Using the vjThread Interface” for more information on the use of VR Juggler threads.

virtual int sanple();

This method reads data from the device and storesit for later use by get Di gi t al Dat a() . Note that
MyNewBut t onDevi ce: : sanpl eFunct i on(), defined above, invokes this method.

VR Juggler devicestypicaly use triple-buffered data management. Thisis done to ensure that data is not being
written into a buffer when the Input Manager istrying to read the most recent value. Thevj | nput class
defines three variables to help programmers keep track of which buffer isin use at any giventime: vj | n#
put::current,vjlnput::valid,andvjlnput::progress. Thesampled datawould be read into a
three-element array of the correct type (this is driver-specific). When writing the freshly sampled datainto the
array, usevj | nput : : progress:

nSanpl edDi gi tal Dat a[ vj | nput:: progress] = sanpled_digital val ue;

virtual void updateData();
Triple-buffered device drivers use this method to swap the data indices. The member function is usually imple#
mented as follows:
voi d MyNewBut t onDevi ce: : updat eDat a()
vj Quar d<vj Mut ex> updat eCGuar d( | ock) ;

/1l Copy the valid data to the current data so that both are valid
nSanpl edDi gi tal Dat a[ current] = nSanpl edDi gi tal Data[valid];
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/1l swap the indices for the tri-buffer pointers
vj I nput : : swapCurrent | ndexes();

Note the use of avj Guar d<> object to synchronize access to the nSanpl edDi gi t al Dat a array. Thisis
needed because the sampling and the reading are occurring in separate threads, but both threads need accessto
nSanpl edDi gi t al Dat a.

static std::string getChunkType();

Intheget ChunkType() function, the chunk type of the device must be returned. Its name must be asit ap#
pears in the chunk description file for the driver. For example, the implementation for the simple button driver
would appear as:

std::string MyNewButtonDevi ce:: get ChunkType()
{

return std:string("M/NewButtonDevice");
}

At thistime, it is useful to point out that every VR Juggler device needs a chunk type associated with it. A
chunk typeissimilar to astruct in C or C++. The data structure is defined in a chunk description file (which
usualy has the extension . desc). Once defined, the type for anew driver can be used in VR Juggler configur#
ation files.

virtual int getDigital Data(int devNum = 0);

The VR Juggler Input Manager uses this method to read digital data sampled by the driver. Thisis when the
triple-buffered data scheme becomes especially valuable. To provide the Input Manager with the most up-
to-date sample, usevj | nput : : curr ent astheindex, as shown below:

int MyNewJdoystickDevice::getDigital Data(i nt devNum
return nBSanpl edDi gital Data[current];
}

Note that in this example, the parameter devNumisignored. Thisis not always the case. Indeed, this button
driver would likely have support for more than one button, and in that case, we would use devNumas the in#
dex into an array or vector containing data sampled from al the buttons.

There are other methods that must be implemented depending on the classes from which a given driver class derives.
In the joystick example given earlier, the method get Anal ogDat a() would have to be implemented in addition
toget Di gi t al Dat a() . The prototype for get Anal ogDat a() is:

virtual float getAnal ogbata(int devNum = 0)
Thejoystick driver would use this to return values for the X and Y axes. The data here is more complex because it
would be for triple-buffered two-dimensional samples. An implementation might look similar to the following:

float MyNewJoysti ckDevi ce: : get Anal ogDat a(i nt axis)
{
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Vvj ASSERT(axis >= 0 & axis <=1 & "only 2 axes (x and y) avail able");
return nBanpl edAnal ogDat a[ current] [ axi s];

}

In thisdriver, the integer argument to the method is used to represent either the X or the Y axis. The assertion en#
suresthat avalid axisindex is passed.

Register the Device Driver with VR Juggler

Device driver registration is done through a templated constructor called vj Devi ceConst r uct or . Itisused as
follows:

#i ncl ude <l nput/ I nput Manager/vj Devi ceFactory. h>

vj Devi ceConst ruct or <MyNewBut t onDevi ce>* this_ptr_not_used =
new vj Devi ceConst r uct or <MyNewBut t onDevi ce>;

The new device driver can be compiled along with thevj Devi ceConst r uct or call into astandalone library
(a,.s0,.lib,and. dl | arecommon). Thislibrary can then be linked with applications. In thisway, thereisno
need to modify the VR Juggler source code to add a new driver. The driver code can be centralized into asingle,
neat driver that can be distributed asa“plug-in” for VR Juggler.

Note

When linking, it isimportant that the linker include all library symbols. On IRIX with the MIPSpro Com#
pilers, the- al | option informs the linker of this need. The GNU linker uses - - whol e- ar chi ve. Refer
to your compiler documentation for more detailed information.

Device Driver Configuration

To configure a device, two things are needed:

1. Configuration files

2. Driver code that accepts the configuration

Configuration Files

Before configuring a device, a new configuration chunk description must be crested. We recommend that this be
done using VjControl. For the button device, the chunk description will ook similar to the following:

chunk MyButtonDevi ce "M/ButtonDevice" "Configuration for nmy one-button device"
Nane String 1 "Name" "Uni que nane of an instance of this chunk type"

port String 1 "Port" "Serial port this device is connected to"

bagd Int 1 "Baud Rate" "Serial port speed"

en

For areal device, al of these parameters may or may not be needed. (In VR Juggler 1.0, vj | nput requires baud
and por t , but this has been corrected in newer versions.) Again, the VjControl chunk description editor smplifies
the creation of this description so that only the required elements are present.

Note
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If the new driver isfor apositional device, its name must be added to the enumeration in the PosPr oxy
chunk description. VjControl aids this addition.

Once the chunk description isin place, a new configuration chunk can be created. Once again, VjControl makes the
step easier. The following is an example configuration file that configures the one-button device we have been using
thus far:

vjincl udedescfile
Nanme "mybuttondevi ce. desc”
end

MyBut t onDevi ce
Nane" Button Devi ce”
port { "/dev/ttyd4" }
baud { "9600" }
end

End

Writing Code that Accepts the Configuration

In the driver, there are two methods that must be implemented in order to handle config chunks:

1
static std::string MyNewButtonDevice:: get ChunkType();
When the VR system configuration changes, the system asks every registered driver for their chunk type. If it
matches the new configuration chunk passed into the system, then the driver'sconf i g() method isinvoked.
Thiswill happen, for example, when anew configuration file is loaded into the VR Juggler kernel. The imple#
mentation of this method was described above.
2.

virtual bool vjlnput::config(vjConfigChunk* c);

When the system detects a configuration change for a given driver, it will passthe new vj Conf i gChunk ob#
ject to this method. For more information about how to access config chunk objects, refer to the Programmer's
Reference. The following is a simple example for the basic button device we have used thus far:

bool MyNewButt onDevi ce:: config( vj ConfigChunk *c )

if (!viDigital::config(c))
return fal se;

port id = c->getProperty("port");
baudRate = c->get Property("baud");

return true;

Example Code

Now that we have explained the concepts involved in adding a device driver to VR Juggler, we can show some
code. The following exampleisfor afictitious piece of hardware that has only one button.

1 #include <Input/vjlInput/vjDigital.h>
#i ncl ude <Input/ I nput Manager/vj Devi ceFactory. h>
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#i ncl ude <Threads/vj Thread. h>
#i ncl ude <Sync/vj Guard. h>

cl ass MyButtonDevice : public viDigita

{
public:
MyBut t onDevi ce() : nBanpl eThread( NULL)
{:}
virtual ~MyButtonDevice()
t hi s- >st opSanpl i ng();
}
virtual void getData();
virtual int start Sanpling();
virtual int sanpl e();
virtual int st opSanpl i ng();
static std::string getChunkType();
private:
static void t hr eadedSanpl eFuncti on(voi d* cl assPointer);
i nt nDi gi t al Dat a;
vj Thr ead* nSanpl eThr ead,;
/1 configuration data set by config()
i nt nPortld, nBaud;
1

vj Devi ceConstruct or <MyBut t onDevi ce>* this _ptr_not _used = new vj Devi ceConstructor;

/: What is the nane of this device?

/  This function returns a string that should nmatch this device's
[/ config chunk nane.

tatic std::string MyButtonDevice:: get ChunkType()

return std::string("MButtonDevice");

/
/
/
s
{
}
/1 spawn a sanple thread,

/1 which calls MyButtonDevice::sanple() repeatedly
i nt MyButtonDevice::start Sanpling()

{
nSanpl eThread = new vj Thread(t hr eadedSanpl eFunction, (void*)this);

if ( !nmBanpl eThread->vali d()

return O; // thread creation failed
el se

return 1; // thread creation success

}
/1: Record (or sanple) the current data

/1 this is called repeatedly by the sanple thread created by start Sanpling()
i nt MyButtonDevice::sanpl e()

{

/1 here you would add your code to

/1 sanple the hardware for a button press:

nDi gi t al Dat a[ progress] = rand_nunber_0_or_1();
return O;

}

/1 kill sanple thread
int MyButtonDevice::stopSanpling()
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if ( nmBanpl eThread !'= NULL )
{

nSanpl eThread->ki I | ();
del et e nSanpl eThr ead,;
nSanpl eThread = NULL;
return 1,
}
/1: function for users to get the digital data.
/1 here we overload vjDigital::getD gital Data
i nt MyButtonDevice::getDigital Data(int d)
{
/1 only one button, so we ignore "d"
return nDigital Data[current];
}
/1 Qur threaded sanple function

/1 This function is declared as a static nmenber of MyButtonDevice
/1 just spins... calling sanple() over and over.
voi d MyButtonDevi ce: :t hreadedSanpl eFuncti on(voi d* cl assPoi nter)

MyBut t onDevi ce* this_ptr = static_cast<M/ButtonDevi ce*>( classPointer );
/1 spin until soneone kills "nBanpl eThr ead"

while (1)

{

this_ptr->sanple();
sleep(l); //specify sone tine here, so you don't waste CPU cycl es

/: When the system detects a configuration change for your driver, it wll
[/ pass the new vj ConfigChunk into this function. See the docunentation
/[ on config chunks, for information on how to access them

ool MyButtonDevi ce: : config(vj ConfigChunk *c)

~—~ T~ —

if ('vibDgital::config(c) )
return fal se;

nPortld = c->get Property("port");
nBaud = c->get Property("baud");

return true;

}
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(see dso vjDevicelnterface)
vjDigitdl, 82
vjDigitalInterface, 32, 34
vjDigital Proxy, 34
VjGlApp, 11, 38, 41, 42
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__configRemove() method, 80 getFrameBufferAttrs() method, 52
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getType() method, 80
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