Computer Science

Anders Adund

Object-Oriented Design of Special Effectsin
OpenGL

Bachelor's Project
2000:34






Object-Oriented Design of Special Effectsin
OpenGL

Anders Adund

© 2000 Anders Aslund and Karlstad University






This report is submitted in partial fulfilment of the requirements for the
Bachelor’s degree in Computer Science. All materia in this report which is
not my own work has been identified and no material is included for which
adegree has previously been conferred.

Anders Aslund

Approved, 00-08-21

Advisor: Hua Shu

Examiner: Stefan Lindskog






Abstract

Saab Bofors Dynamics' needs lie in a software system that provides a modular and compo-
nent-based structure built for simulations and visualization purposes. This thesis is a descrip-
tion of an attempt to design such a system. The market offers severa software components
that are useful in the process of building visualization and simulation systems. The design of
the system presented in this thesis is not dependent on the choice of product and can with a
little work be used with all the products. The design is based on patterns in the sense of well-
defined solutions and documented structures. The design also provides a component structure
where functionality is embedded in Dynamic Linked Libraries. The most important parts of
the design are implemented and the design is proven to be effective and meet the require-
ments for the project.



Contents

[ N T N A= T 1]
e LT A —— 2|
A e 2|
A e o T 2|
A e < 2|
DA CONUIIONS..c......coeveeeeeeeeeeseeeeeesereereeeeseseseseeeeseseseeneeseeneeseenesesnsneneneseseseenenesesesnees 3|
241 Stages
S R U e e A 4|

251 Software

2.5.2 3D Graphics

2.5.3 Distributed interaction
2.5.4 Architecture

2.5.5 Design patterns

T T 6|
B.1  SIMUIAiON/VISUBIIZBHON.........ccveevveereeerieeeeeeeeteeeeteeeeteeeeeeeeneeeseteseensseenseenseeereansreneses 6|
B.2 Three-dimensional QraphiCs............cccoveueeviueeeeereeieteeeereteeteesesseeeeessreereenssessesessessesens 6|
RIS L 8|
B.4  Plug-ing/DynamicC LINK LIDIareS.........ccccuiirueieiieeiseseecsiesieeeesieeeesieseeesneeas 9|
B.5  PatterNS and fFraMEWOIK.........c.coveueeeeeeeeereeeieeseeteeseeeese et ees et sesensesseesesenseseseeseeases 10|
U Description of desSign and SOIULION ............cveweveeeeveeeeeeieeeeeeeeeeseeeeeeeereeeeeersenseeensesenaens 11
Bl ENVIFONMENE.......vcvieeeeeieeeeieeteeeteeeeteeeete et teeeeteseteseeneseseseseesesessesensesenesnesenans 11|
411 Vega
412 VTree

4.1.3 VisKit

4.1.4 OpenGL Optimizer
4.1.5 OpenGL

4.1.6 Conclusion

@.2

DIESION ceeeeeeeeeeeeeseeeeseeeeeeseeeeseeeeenseeaesneeeeneneenenenesnenesnsnsnssrenssesneesnensseeeesesneneas 12|

4.2.1 Object orientation

4.3

BriAgE PAIEEIN......c.oveveeeeeeeee ettt et st et e e reereeereeeens 13|

4.3.1 Intent
4.3.2 Applicability
4.3.3 Motivation

v.4

ADSraCt faCtOry PAILEIN...........c.voveeeeeeeieeeeeeieeeeeeeteeeeeetseeeeeeseeseeeeseeseesesesessesesesanenes 15|




441 Intent
4.4.2 Applicability
4.4.3 Motivation

N = S = g A T 16|
451 Intent
4.5.2 Applicability
45.3 Motivation
N T T 18|
5 Implementation and tEStNG ... .cciucrirsrirsseseisssesessseesessesessessssessssesnssssnssnsssnsssssssnsasanes 19|
S e T 19|
5.2 PlUG-INNANAING ...ttt ees et sesen s s e see e sesensesesansnsanes 22|
5.3 DemO imPIEMENEAIION...........cooveveereeeeieeiecreieereietierseeneeeteeesteesseeseeeeeeenseeeeseeseenereanaes 22|
6 Experiencesand reCoMmMeENdatioNnsS............c.evveerererererereersiererseeeseeeereseessrereeneseesssenens 24
R e 10— 26)
I 27|
B Sourcecodefor SAMPIE ProOraM ........o.oveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeerersereeeeesenseeeesensenanns 28|
S e e o 2 —— 30|
B.3 ACADEN L. 31
R e 32|
C  Source codefor the AeMO DI OO @M .......c.o.eeeeeeeeeeeeeeeeeeeeeeeeseeeeeereeeesereeeeseeeseeseeeseeeeeesncecs 33|
SN T ———— 34
[C.2 Abstract Main APPliCation ClasS...........cuviveviverieeeteieierieeeteeeeteieieeeeeteeeiereenerenans 39|
C.3 Main AppliCation Class.......cocccuiicuiriiceiiesieisscessessssssesassssscsssssssssssssesssssssssssssnaseas 40|
[C.4 ADSIract DLL HaNAIEN ... 41|
(S T e 1= e —— 42|
C:8 MAINDLL o ooooosoeoseesseeeseeeeeeeseeereeeereeerseeesseeeseeeeseeeeeeerseeeees 46|
(SR T o I 49|
IC.8  ADSITACE FBOOTY ...eeeeeeeeeeeeeeseeeeereeseseseeeeneaeseseseseeeaeenseencnesssesnenceenes 52|
(NN Y R e e s 54|
[C.10 THENEW APl (INEEITACE) ...ttt ees et seen s s e ses e seseneeseennes 57|
(Y RO - —— 83|
DT N e e s P 121|

Vii






List of Figures

Figure 2.1 - SUMMENY OFf APIS ....cuivieiiiccessccsisssessisssesssessssessssesssssnssssssssessnssssssssssssssssasens 4
Figure 3.1 — COOTdiNGLE SYSEEM........ovoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeereerereeserenseseneesesensesenaeens 7|
FIQUIrE 3.2 — SCENE GraDN ...ttt eeeeete e et eeeseees et senseeenseneeeeesensresesesneseas 8|
FIQUrE 4.1 - DIffErENt APIS....cevveeeeeeeeeeeeeteeeeeeeete ettt een ettt eteeenenetereseneneneserenas 13|
FIQUrE 4.2 - ThE INTEITACE ...t 14|
Figure 4.3 - The DrdgE DEIEIN...........c.oeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee et eeeeeerreeeeeensereeeeneenaeens 14|
Figure 4.4 - The abstract factory PatterN ...........ccvevveueeveeiereieieteeeeeceeeeereeeeeeeeeeeteeereenans 16|
Figure 4.5 - The adapter PatterN .............c.cveveveeeeeeeieeeteeeeteeeeteeeeteteeeete et eeeiereenereneane 17|
Figure 4.6 - PatternS WOrKing tOOEINEN ............cvveueeieeieeseeeseeteseseeseee s s seseseesesensesenenses 17|
Figure 4.7 - Module definition File............c.ooeueviieeeeieieeeeeieeeeeeeeee st seeeesersereeeeesenanans 18|
Figure 5.1 - Class diagram, OVEIVIEW........coc.cucirericessessssessesssssssssssssssssssssssssssssssssssssssacs 19|
Figure 5.2 - Class Qiagram, DAIEINS. ............co.eweeeeeeereeeeeereeeereeeeeereeeeseeeseeeeeeseeesnceeeesneneses 20|
B R N e 20|
Bl R = e 0 21|
R R = G v e gl oo o T 22|
FIQUIE 5.6 - RESUIT ...ttt eeseeeset e ensesenseseeenseeansesesensesansesessnseseseensses 23
A YN —— 121|
Figure 0.2 - Class relationShipS ........cc.ccuireceeriscsesesscsssssesssssssssesssssssssssesssesssssssessssssans 122]




List of tables

[Table 0.1 - AFTDULES. .....cocvieeceescecicsceei s esese e sssessssessnssannssssnssssssnsssansssanas 121]
I P e 121|
B R = e i 122|
[TADIE 0.4 - PrOPEIMIES ...ttt ettt teteseneteteteeeenesesesesensenenesesenss 122|
E YRR e s T T 2 123]




1 About thethesis

This section is a brief introduction to each of the following chapters.
Introduction
This chapter describes the background of this project and the problems that are supposed to be
solved, SAAB Bofors Dynamics current situation and their need for this type of project.
Conditions and requirements are primarily formed according to the demands and needs of
SAAB Bofors Dynamics.
Preliminaries
This chapter is a brief resume of things that is necessary to know before continuing to read
about the design and solution.
Description of design and solution
This chapter describes the solution and design thoroughly. The understanding of the following
parts needs some knowledge in software-design and object oriented methods.
Implementation and testing
This chapter describes the implementation and all the coding solutions that are necessary to
make the design work. It also describes some nice coding structures and frameworks.
Experiences and recommendations

This chapter discusses thingsto learn from this project.

Please note that chapters [8.1] and B.2] are written together with Henrik Hedlund, in con-
junction with his Bachelor’s project “ Virtual Reality Applications - Evaluation of Develop-

ment Environments.”



2 Introduction

This thesisis the first result of a Master’s project and is written as a Bachelor’s project at the
Department of Computer Science, Karlstad University for SAAB Bofors Dynamics. The first
chapter describes the background of this project and the problems that are supposed to be
solved, SAAB Bofors Dynamics' current situation and their need for this type of project.

2.1 Background

Today’ s defence industry is very hi-tech oriented and has a need of impressive and cost effi-
cient visua demonstrations of newly developed systems. Simulators for educational and
practice purposes are often demanded by the customers. SAAB Bofors Dynamics has long
experience in the area of developed simulations but lacks the expertise in visua simulators.
Subcontractors have developed simulators for a couple of the systems and some of them have
been implemented at Bofors. To use a visual simulator or a demonstrator for marketing, an
impressive and redlistic presentation is important. Special effects and dynamics make the

presentation more realistic and increase the feeling of quality in the product.

2.2 Problems

The problem is that the defence industry uses special computers (Silicon Graphics) for simu-
lations, but standard computers have in recent years gotten a greater breakthrough on the
market. There exist a number of interesting commercial products that will assist with the de-
velopment of visual simulators. The software and the quality of the products vary greatly.
These potential tools that can handle the task, have to be evaluated. This project is intended to
be flexible in choice of products and software. But certain requirements have to be fulfilled.
The design of the project has to be modular and extendable so that after it is released addi-
tional functionalities can be added.

2.3 Purpose

Today’ s computer games, running on ordinary home computers, are often more advanced and
realistic than the old simulators that the defence-industry is using. The purpose of this project

is to make visual simulators and demonstrators that run on ordinary home computers with
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new graphics hardware. Increased knowledge and a well-defined and flexible structure to
build the future simulators on are also important. The project is a base for a Master project
that will contain a better-studied structure with a more extensive implementation of special

effects and preparations to make the system distributed over a network.

2.4 Conditions

These conditions and requirements are primarily formed according to the demands and needs
of SAAB Bofors Dynamics. The time-related conditions are based on the Bachelor’s project
course time span. During the spring term of 2000, two or three days each week have been
dedicated to work with the Bachelor’s project. The following stages describe the steps of the
development.

241 Stages
Since the development of software is an iterative process, the boundaries of these stages
might overlap each other.

Information gathering
Thefirst step in the project is an information-gathering process, where commercial softwareis
evaluated. The evaluation is built on what the software and programs have to offer and how
flexible they are. Thisinformation will be used as a base for the next step.

Design and development
The analysis of the gathered data and information helps to draw the conclusion of which
software suits our purpose best. The design and development work will lead to the actua as-
signment and a requirement specification is defined.

Implementation
The design isimplemented in a demo version and refinements of the design are made. Testing
the system comes naturally during the implementation process.

Documentation
Daily notes, documentation of the design and well-documented code are the base for the

documentation of the system.



2.5 Requirements

The following are the requirements for the Bachelor project.

251 Software
These are the requirements for the software to be purchased.

The general visual requirements are not really important but some kind of realistic impres-
sion must be presented. The design must allow additions with extensive real-time computa-
tions like dynamics, as in aerodynamics, motion-models, of for example a boat or an aero-
plane, and particle-systems, like rain or fire. Pre-calculated data of more advanced computa
tions can be fed to the system from an external simulation over a network or from afile. More
important is the development environment that must support object-oriented solutions. An
abstract interface that makes the programming easier and other features are of interest. The
software must offer a good base for redlistic, fast and good-looking presentation on screen.
Multi-platform support is not a requirement but it is preferable considering the nature of the
project. describes the systems of interest and their relation to each other. To reach
the widest market of platforms and hardware, OpenGL must be the core of the software be-
cause it is the most supported graphics APl on the market. Software licenses are often very
expensive, not only the development environment, but also run-time licenses are charged by
the software companies. The distribution of the developed products resulting from an API

depends on the price of the license. An expensive license would restrict the width of the dis-

tribution.
i A
Higher level of Vega SDK :
abstraction: Expensive
Faster and easier
implementation VTree SDK
P ’ ~$10.000

Less abstract:
. OpenGL
Flexible. P F
ree

Cheaper.

Figure 2.1 - Summary of APIs



The support for various formats of geometries and images is necessary. Outdoor environ-
ments are often used in simulations, which means that a large amount of geometric data has to
be processed. Some way to make these large data sets more efficiently processed is realy
useful. One way isto have different stages of Level of Detail (LOD), which means that a sm-
plified model is used when viewed from a distance or viewed at high speed.

2.5.2 3D Graphics

Specia effects are the main aspect of this project. However in the Bachelor project only the
preparation of a flexible structure is required. The structure and design must allow a flexible
use of specia effects. There are a lot of effects that have to be taken into account. Dynamic
effects have a limited lifetime, while permanent effects are persistent and do not disappear.
Connections between objects are therefore necessary to test collisions and other links. Infra

red (IR) vision and sensors in the 3D-world are not required.

2.5.3 Distributed interaction

Interaction over a network or over Internet is of interest and has to be included as criterion
when designing the system. To make a distributed simulation work, some aspects and ques-
tions have to be looked into. The prediction of events is needed to synchronize events in both
ends of the communication link. In this project, we do not consider the distribution of geome-

tries of terrain or models.

2.5.4 Architecture

The design must be modular, flexible and have the ability to be reused and altered both before
and after compilation. Using plug-ins solves this problem and makes the system scalable and
flexible. By dynamically allocating the plug-ins the system becomes completely reusable and
alterable after compilation. A simple graphic user interface (GUI) can be implemented for
each plug-in, to configure different parameters. Hardware in form of keyboard, joystick,

pointer or other isimplemented in case of use.

255 Design patterns
The basic design structure is based on the Booch notation (Appendix D), which describes in
an object-oriented way the design of an application. The use of patterns, known solutions to

defined problems or designs, are preferable. In this way the modularity can be achieved.



3 Préiminaries

The following chapter is a brief resume of things that is necessary to know before continuing
to read about the design. Readers that have experience and knowledge in 3-dimensional visu-

alization, OpenGL and object-oriented methods can skip this chapter.

3.1 Simulation/visualization

Simulation can generally be described in two ways, either as an accurate, numeric calculation
of how something behaves under certain conditions, or as areal-time, interactive visualization
of a scenario based on some redlistic approximations. Basically this means that it is impossi-
ble to use accurate calculations and behaviour models in real-time visualizations. These accu-
rate smulations are used for exact predictions of a scenario, and are calculated over a large
time span. On the other hand it is possible to pre-calculate data and then feed it to a real-time
visualization. This project does not span all the ingredients of accurate smulation; it is mainly
focused on visualization.

Visualization in turn is a multi-faceted task, ranging from the illustration of simple graphs
and tables to three-dimensional (3D) presentation of a sequence of actions. The particular area
of interest in this project is computer-aided 3-dimensional visualizations of real-time calcu-
lated data. To achieve the visualization in real-time, simplified models of behaviour are re-
quired. This principle applies in many of today’s popular computer games, where speed is
crucia for viewing pleasure. Other possible areas of application include architecture, design
and prototyping, education, conferencing, military training simulators, scientific visualization
and surgical practice. SAAB Bofors Dynamics connection to the defence industry leads to
the particular area of military training simulators and demonstrators. These include, but are

not limited to, driving, flight, ship and tank simulators.

3.2 Three-dimensional graphics

In this section, a short introduction to 3D graphics provides the reader with a basic under-

standing of 3D graphics programming.



The coordinate system shown in is fundamental to understand 3D orientation.
Placement and direction of the axes can vary dependent on different systems and environ-
ments.

The smallest building block is called a vertex, and represents one point in the coordinate
system. Lines consist of two vertices, start-point and end-point.

By connecting multiple lines basic two-dimensional primitives such as triangles (3 verti-
ces), quadrants (4 vertices) and polygons (N vertices) can be formed.

The most common 3D primitives are boxes, cones, cylinders and spheres. In addition, sur-
faces and materials are defined and solid objects can be formed. Material consists of different
aspects such as light dependent attributes (shininess and emissiveness) and colours.

To add further realism to the surface a texture can be applied. The texture is a picture that
adds the appearance of area surface.

(0,0,0)

Figure 3.1 — Coordinate system

Transformation is used to trandate and rotate an object. To tranglate an object is to place,
or move, it in the coordinate system. Shading and lightning are other features that add realism
and atmosphere to the scene.

A sceneisavirtual environment that contains objects and attributes. A graph is often used
to represent the scene, by ordering all attributes and objects in a hierarchic manner (Figure |
B.2). This means that a child inherits the attributes of its parent. A very complex engine per-
forms the actual rendering, but thisis out of the scope of thisthesis.



R Root-node

N

Light-
L '9 G  Group-node

node
Transform- T S  Shape-node

node
Figure 3.2 — Scene graph

A scene graph is a directed acyclic graph. The graph in[Figure 3.9 is an example that con-
tains five different nodes. These are the most common nodes, but the different types of nodes
can vary from system to system. A group-node is a node, which does not have any attributes
in itself, but can have children. The root-node is basically a group-node without any parents,
thus being the group-node of the whole scene. Light-nodes contain light-attributes for the
scene. A transformation-node determines the placement and orientation of the geometry,

which is contained in the shape-node.

3.3 OpenGL

This and the following sections assume that the reader has at least a rudimentary understand-
ing in programming and some familiarity with basic terms used in computer graphics. The
OpenGL Graphics System: A Specification (Version 1.2.1) [1] gives the following definition
of OpenGL.
“OpenGL (for “Open Graphics Library”) is a software interface to graphics
hardware. The interface consists of a set of several hundred procedures and func-
tions that allow a programmer to specify the objects and operations involved in
producing high-quality graphical images, specifically colour images of three-
dimensional objects. Most of OpenGL requires that the graphics hardware contain
a framebuffer. Many OpenGL calls pertain to drawing objects such as points,
lines, polygons, and bitmaps, but the way that some of this drawing occurs (such

as when antialiasing or texturing is enabled) relies on the existence of a framebuf-



fer. Further, some of OpenGL is specifically concerned with framebuffer ma-
nipulation.” page 1
Another way to see it is that OpenGL is a set of commands that allow the specification of
two- or three-dimensional geometric objects and commands that specify how these will be
rendered into the framebuffer. OpenGL specifies how geometries are lit, coloured and
mapped from the two- or three-dimensional model space to the two-dimensional screen.
Graphics hardware may consist of various degrees of graphics acceleration. The choice of
commands to be executed by the graphics hardware or by the central processing unit (CPU) to
get optimum performance is done automatically. The OpenGL Graphics System: A Specifi-
cation (Version 1.2.1) [1] also describes Silicon Graphics' (SGI’s) view of their product.
“We view OpenGL as a state machine that controls a set of specific drawing
operations. This model should engender a specification that satisfies the needs of
both programmers and implementors. It does not, however, necessarily provide a
model for implementation. An implementation must produce results conforming
to those produced by the specified methods, but there may be ways to carry out a
particular computation that are more efficient than one specified.”, page 3

3.4 Plug-ins/DynamicLink Libraries

Executable files are generally programs that perform various tasks and can receive user input.
Dynamic link libraries (DLLS) are usually not executables, and do not receive messages. Both
DLLs and executables contain executable code and/or resources for an application or DLL.
DLLs are files that contain functions that can be called by programs and other DLLs[2]. Usu-
aly the DLLs are loaded by Windows only once, and can thereafter be shared by several ap-
plications.

There are two kinds of DLLs, statically and dynamically linked DLLs. Statically linked
DLLs are used as libraries with functions during the implementation. When linked to an ap-
plication, they become a permanent part of the application’s executable file. This type of DLL
resides in file with the extension ".LIB" and is basically an object file. This type of DLL is
frequently used in this project.

More interesting are the dynamically linked DLLs. Dynamically linked DLLs provide the
means to load alibrary to memory in runtime, resolve references to functions so that they can
be called by an application, and then unload when they are no longer needed. Implicit dy-
namic linking is used to make the operating system load the DLLs and let several applications



use it. Explicit dynamic linking is used to explicitly load the DLLSs into memory, use them,
and then unload them if they are of no use anymore. The structure of the system resulting
from this project is built with dynamically linked DLLSs.

3.5 Patternsand framework

The main goal is to get a good architecture that does not need to be redesigned. The object-
oriented concept is based on collaboration among objects, and modularity that makes complex
system far ssmpler to overview. It is hard to make reusable object-oriented software and it
takes along time to analyse and design. It takes a really experienced designer to make a good
design that is reusable. This needs a solution that is concentrated on the problem and the re-
guirements. Therefore the design of this system is based on design patterns, i.e. designs made
by very experienced designers. Patterns are well-described solutions for certain types of
problems and requirements. The purpose of patternsis to suggest a standardized solution that
is well documented and easily recognized by other programmers and designers. Using pat-
ternsis areally easy way to get a good design that is tested and has the properties of being
flexible and reusable. Design pattern and framework helps to improve quality of software and
shows the possibility to re-use components, code and even designs. Framework is the imple-
mentation of patterns using object-oriented programming languages. It is an adaptation of the
pattern to make it suitable for the problem at stake and to make it compatible with the lan-

guage in use. Often a pattern can be used to document and introduce frameworks.
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4 Description of design and solution

This chapter describes the solution and design thoroughly. The understanding of the following
parts needs some knowledge in software design and object oriented methods.

4.1 Environment

Choosing an environment in form of application programming interfaces (APIs) and platform
was the first task. The Windows NT platform was chosen because it is cost-efficient and of-
fers a wide spectrum of hardware and software support. A high performance to alow cost is
achieved with the new gaming graphics hardware, which supports all the features needed
when making realistic ssmulations and visualizations. The APIs in question have to support
OpenGL because it supports multiple platforms and large amounts of hardware. The APIs

must have an object-oriented structure that admits advanced object-oriented solutions.

411 Vega

Vega is the most expensive API/program. It has a GUI, which makes it more like a program
with drag-and-drop functionality. Nevertheless Vega requires some programming to develop
software. Vega is a well though through API that makes a good impression. Vega is more
expensive than VTree and it requires a runtime license for each workstation it is executed on.

It is object-oriented friendly and allows good programming solutions.

412 VTree

VTreeisacomplete API that contains all necessary functionality and is built on OpenGL. It is
developed to be an effective programming APl when making simulator for games or profes-
sional use. Vtree supports visualizations of large data sets and geometries. A developer li-
cense costs less than Vega and there are 25 runtime licenses included. This makes the distri-
bution easier compared to Vega. The software kit includes good programs, examples and
documentation. Vtree is developed using object-oriented methods and it is very flexible.

4.1.3 VisKit

VisKit is mainly built on Direct3D, which is Microsoft’s version of alow-level graphics API.
OpenGL is partialy supported. VisKit costs only about a hundred dollars and has some good
features. It admits object-oriented solutions and is very adapted to Windows.

11



4.1.4 OpenGL Optimizer

OpenGL does the image processing and additional features like scene handling is done by
Cosmo3D, which is also developed by SGI, and the optimising is done by the OpenGL Opti-
mizer. This is developed for professional visualization of large data sets and geometries. It is
freely downloaded from SGIs homepage and includes a good documentation and some sam-

ple code. Istotally object-oriented and admits advanced solutions.

415 OpenGL

OpenGL is a professional low-level graphics API that is developed by SGI and is used by
most CAD-softwares and some games. It is included in the operating system and it does not
require any additional purchases. It is therefore very cheap but it requires a great deal of pro-
gramming. It does not contain any specific object-oriented methods or solutions; it is there-

fore alow-level API.

416 Conclusion

The conclusion is that all APIs alow object-oriented solutions in one way or another
(OpenGL needs more work than the others). Pure OpenGL demands a lot of designing and
programming to devel op software. OpenGL Optimizer was a good contender and is still inter-
esting. VisKit was not sufficiently advanced and Vega is too expensive. Finaly VTree was
chosen and one license was bought. It was the best solution that did not demand excessive
programming work. VTree is well adapted to object-oriented methods and solutions, which

makes it very flexible.

4.2 Design

This section will describe the design of the system. The design is based on two main ideas, an
abstract interface to the graphics API and the dynamic loading of plug-ins. The designs of all

the components as well as the interface to the graphics API are based on design patterns.

4.2.1 Object orientation

The main aspects of the design are the requirements of the reusability of the system architec-
ture and modularity both in design structure and in the separation of the system in DLLs. To
match the requirements and problems to different design solutions using patterns is rather
easy if you compare the work involved to do the whole design from scratch. One of the big
problems to focus on is that even if this system is implemented only using Windows NT and

12



the VTree AP, it should be easy to migrate it to a different platform and API. The reusability

of the componentsisin this case the main concern.

4.3 Bridge pattern

The bridge pattern is used to abstract functionality. The implementation is separated and hid-
den behind an interface. The bridge pattern is often called interface pattern.

4.3.1 Intent

Decouple an abstraction from its implementation so that the two can vary independently [3].

4.3.2 Applicability

Use the Brige pattern when:
* You want to avoid permanent binding between an abstraction and its implementation.
This might be the case, for example, when the implementation must be selected or
switched at run-time[3].
» Changes in the implementation of an abstraction should have no impact on clients; that
is, their code should not have to be recompiled [3].
¢ (C++)You want to hide the implementation of an abstraction completely from clients.
In C++ the representation of aclassisvisiblein the classinterface[3].
* You want to share an implementation among multiple objects (perhaps using reference

counting), and this fact should be hidden from the client.

4.3.3 Motivation

Figure 4.1] shows how the application uses the VTree API. The problem is how do we use the
application on top of adifferent API, without rewriting the application.

APPLICATION
X N\
NN

\ \
N
| OTHER APIs |

Figure4.1 - Different APIs
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The easiest way to do thisis to define an interface with an adaptation of the APIs to make

them fit this interface, as shown in|Figure 4.2

APPLICATION

OPENGL
IMPLEMENTATION

Figure4.2 - Theinterface

This structure is now very easy to map to a design pattern. The suitable pattern for this
structure is the Bridge pattern, which isillustrated in The main ideais to abstract
the implementation of specific functionality. The Bridge avoids permanent bindings between
an application and its implementation. The only drawback is that there is a lot of work in-
volved to implement the interface with all the APIs. But that is a future problem.

CLIENT BRIDGE

~—— prog absClass )
imp : absCIasf—W—< pName()
\ N
-—

o

| %

\ o

gim p->pName(); < aClass )
pName()

)

—
"

Figure 4.3 - The bridge pattern
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4.4 Abstract factory pattern

The abstract factory pattern is a modification of the factory pattern. The factory pattern ab-
stracts the process of creating objects and desired factory can be chosen at runtime. The ab-
stract factory pattern is a factory with an abstract interface. All the products that the abstract
factory produces must have an abstract interface. This removes type dependencies from cli-
ents.

441 Intent
Provide an interface for creating families of related or dependent objects without specifying

their concrete classes[3].

4.4.2 Applicability

Use the Abstract Factory pattern when:
» A system should be independent of how its products are created, composed, and repre-
sented [3].
» A system should be configured with one of multiple families of products[3].
« A family of related product objects is designed to be used together, and you need to en-
force this constraint [3].
* You want to provide a class library of products, and you want to reveal just their inter-

faces, not their implementations [3].

4.4.3 Motivation

The structure in is used as a simple example to visualize the solution to the prob-
lems that are encountered while designing the system. The client (prog), for example, must
know which class is used to implement the abstract interface class (absClass). Thisis not very
good because the application class (prog) has to be modified if we want to replace the imple-
mentation class (aClass). Moving the creation of the implementation class outside the client
solves this. This eliminates the type dependencies in the client so that it won't need to be re-
written. To make the design of this part just as good as the rest, a design pattern for the prob-
lem is required. The abstract factory pattern is used, which is shown in The only
drawback by doing this is that the factory class, aFactory in this case, needs to be imple-
mented for each implementation class.
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< absFactory prog absClass
M i pName()
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Figure 4.4 - The abstract factory pattern

4.5 Adapter pattern

Now to the tricky part, namely to get the implementation classes collaborating in the right
way with each other. One can regard the implementation class as an adaptation of the inter-
face to match it to another interface such as an existing API. This leads to the next pattern to
be used called the adapter pattern. The adapter pattern is used to convert one interface into

another interface. It adapts the concrete implementor to fit the target interface.

451 Intent
Convert the interface of a class into another interface client expect. Adapter lets classes work

together that couldn’t otherwise because of incompatible interfaces [3].

4.5.2 Applicability

Use the Adapter pattern when:
* You want to use an existing class, and its interface does not match the one you need
[3].
* You want to create a reusable class that cooperates with unrelated or unforeseen
classes, that is, classes that don’'t necessarily have compatible interfaces[3].
» (object adapter only)Y ou need to use several existing subclasses, but it’s impractical to
adapt their interface by subclassing every one. An object adapter can adapt the interface of

its parentclass [3].
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4.5.3 Motivation
The main use of this pattern in this case is to create an interface that cooperates with unrelated
or unforeseen classes, classes that do not necessarily have compatible interfaces. The class

adapter uses multiple inheritances to adapt one interface to another, which is shown in

ADAPTER

CLIENT Target

absFactory ro absClass anim aptee or
> prog > ; > P > concrete
y—'fﬁf pName() -4 .

LT ) L e LT ) L ) implementor

< aFactory j / aClass j
pName()
L -

k/ - 7 Adapter

Figure 4.5 - The adapter pattern

This example (shown in|Figure 4.6) is implemented as a framework and can be found in
appendix B; the structure has been modified to show how the objects collaborate with each
other. Thisisimportant to the functionality of the real system.

CLIENT

BRIDGE

Abstract factory

absFactory prog absCIass animp anothAbsCla anothim pCla
/ pName() ( S5 ( &8 (

j b T “ s “ Y

oo
q

~ Ll ~ L~
< aFactory / aClass anothClass
e [ -

o7 o

Figure 4.6 - Patterns working together
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4.6 Plug-ins

Now to the DLLs and how they are designed. The concept is almost the same as an abstract
interface. The big difference isthat a DLL cannot be instantiated like a class. The interface is
defined in amodule definition file. Thisis avery rough way to describe an interface and great
caution must be taken. This is because the heads of the functions in the DLL are not defined;
there is only a list of function names. shows the similarity between the module
definition file and the abstract class interface in The DLL-handler is described in

sectionp.2

APPLICATION

MODULE DEFINITION FILE

DYNAMIC LINK LIBRARY

Figure 4.7 - Module definition file
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5 Implementation and testing

This chapter describes the implementation and all the coding solutions that are necessary to
make the design work. It also describes some nice coding structures and frameworks.

5.1 Framework

The design is a scheme that shows the collaboration between the classes. The framework is
the implementation of the design scheme. This will shed some light over the implementation.
First the detailed scheme is shown to visudize the complexity of this project.
also introduces the API and the abstract interface. It must be added that the imple-
mentation is not complete and this picture is not fina in any way, but this is a base for the

construction.

RN

il TR

\f i \ ‘ \\T \‘
[
f/d ‘‘‘‘‘‘‘‘ i e .
» \T 7
€

e
/; - y=s ‘ /K}/ﬂ?/\ifi

Figure 5.1 - Class diagram, overview

API

The purpose of the design is to place al the ssimulated actions and event handling in DLLSs.
This makes the system totally aterable after compilation. If the DLL-handling admits, one
DLL can be replaced by another to alter the behaviour of the application.

Thefirst step isto find the patterns that were defined in the design phase. The next picture
is a simpler picture of the same design with the patterns defined. The factory
pattern is hard to visualize in this picture but there is a good description of it in section @
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There are a couple of issues that need to be addressed to explain how the patterns are im-

plemented.
BRIDGE FACTORY PATTERN
L/V—(:/ e | o L/7
PATTERN

ADAPTER PATTERN

Figure 5.2 - Class diagram, patterns

There are two ways to implement the factory pattern, one concrete factory-class for each
adapter class or just one concrete factory-class for the whole abstract interface. In our case
there is no need for different factories so the system is implemented with the second alterna-
tive. The code for the factory is very simple and does not need much explanation. In appendix
B there is a good and easy example of a factory class that shows how it is implemented. A
problem that was solved by this structure was that the DLLs do not use the same environment
as the executable part of the system. If an object was created in one DLL that was supposed to
add something to the scene it would not be reachable from the application. This structure ad-
mits that the factory is passed to the DLLs as a pointer or reference and the DLLSs create all
the objects in the applications environment instead of the DLL’s (Figure 5.3].

Application

DLL :|]
AbsFact* factory
¥§

factory->MakeWindow();

Figure 5.3 - Memory areas
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The adapter pattern is not much more complicated than the factory pattern but it took some
time to figure out how it could be implemented. The big problems were that the different
classes in the API use each other, and take each other as parameters. Using the class adapter
pattern, distinguished from the object adapter pattern, solved this. The class adapter pattern
uses inheritance to inherit the procedures and functionality. The object adapter pattern instan-
tiates the class that it needs and uses it as a parameter. There are also certain relationships
between them such as hierarchical relationships in form of inheritance. These structures were
preserved by the abstract interface so that the functionality is not altered. shows an
example where a hierarchical structure is preserved in the abstract interface from the API.

|
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Figure 5.4 - Hierarchy

When multiple inheritance is applied in a system, caution must be taken so that a class
does not inherit the same class twice. If such a case appears the keyword virtual is used when
the class is inherited the first time. This tells the system to overwrite it the second time when
itisinherited.

And finally the bridge pattern requires some designing work but it is nothing crucial. The
implementation has nothing unusual but it must follow the prescribed path through the factory
pattern as shown in
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5.2 Plug-in handling

The DLLs have four points of entry. The first is a function that returns the type of the DLL;
currently there are six different types. Secondly comes the initiation procedure, where al the
instantiations and configuration are placed. The remaining two procedures are used during the
execution of the program. The execution is a loop that calls all the DLLs at each turn of the
loop (Figure 5.5). Simulated events and concurrent actions are placed here. If an event occurs,
like a mouse- or keyboard-event, the DLLs is called, so that the DLL/DLLSs can take the

proper actions.

DLL Application

S

Figure 5.5 - Execution loop

At the moment, a ssmple handler has been implemented to handle all the DLLs. It searches
in afolder called system, and if it finds any DLLs it puts them in alist. Thislist is traversed
every time when the DLLs are used. This handler can be equipped with a graphic interface
and let the user choose which components and execution order are to be used for the session.
It can aso be modified to unload and load DLLs in runtime. The current implementation is

very basic and offers no selection or order of execution.

5.3 Demo implementation

This project includes a small demo version with limited functionality and only a fraction of
this system is implemented. DLLs are implemented as examples to show how they are made
and what functionality could be implemented in them. The visual impression is very good
because the frame rate is preserved and visua effects as fog is used . The demo
application represents an aeroplane that can be controlled with the arrow-buttons. Each part
residesin a DLL, which means that the plane has a DLL, the terrain has a DLL etc. etc. The
code for this demo implementation is attached in appendix C. It must be added that the pur-
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pose of this project is not to develop a fully functional simulation or visualization system, but
to do apreliminary design and to show that the design works satisfactorily.

Figure 5.6 - Result
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6 Experiencesand recommendations

The experiences gained through this project are rather comprehensive and may be somewhat
basic. The work involved in design is more time consuming than expected. Translating
thoughts and design ideas to code is very delicate. Sometimes the whole design needs to be
reviewed and redesigned because there surfaces new and unexpected problems and aspects.
An experienced software designer has often better view over problems and knows from the
beginning where the problems will arise and can easily avoid redesigning the system. This
leads to patterns and framework.

Patterns are useful at the design of a system and should be used both by experienced and
inexperienced designers. The solutions that patterns provide are not very complex to under-
stand or to implement as a framework. The patterns are smple, tested and well-documented
and solve rather difficult problems. The patterns do not demand any special coding solutions
that cannot be done in a standard object-oriented language. Patterns also provide links to other
patterns and make perfect reusable components. The only disadvantage is that the design pat-
terns are often not the most effective solution in al situations; they can render in excessive
programming and inefficient code.

DLLs have certain pros and cons. The DLLs encapsulate implementation and makes the
system more modular, seen from the outside. The DLLs can save space in memory because
severa applications and processes can use them at the same time and some DLLs can aso be
loaded and unloaded at any time. On the other hand DLLSs, especially the explicit dynamically
linked DLLs, creates more overheads because the way they need to be handled. Shared and
not shared memory can be somewhat confusing, but there are ways to solve most of the
problems.

Choosing suitable APIs and Software kits are not easy. Choosing a packet from a well-
known company can prove to be the best solution, even though it is more expensive than one
from a smaller company. The comparison of several APIs and software solutions leads to the
conclusion that many of the functionalities are almost the same in severa of the APIs.

Vegaand VTree, for example, are very similar but they have certain characteristics of their
own in form of GUIs and functionalities. The OpenGL Optimizer combined with Cosmo 3D
is on the other hand for free and is developed by SGI. It lacks some functionality in compari-

son to Vegaand VTree but is guaranteed to deliver maximum performance if used properly.
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The demo implementation works satisfactorily. The design is efficient and correct. That
leads to the conclusion that the steps of designing and refining the design have been success-

ful and the goals of this project have been met.
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A Glossary

3D, 3-dimensional

API, Application Programming Interface

Bamse, an anti-aircraft defence system that SAAB Bofors Dynamics develops

Booch, A notation used when describing relationships in an object-oriented way, similar to
UML.

CAD, Computer Aided Design

Direct3D, a 3D graphics API developed by Microsoft

Directed acyclic graph, a graph, e.g. a scene graph, that is directed, i.e. it's nodes direct to
order of the graph, and acyclic, i.e. there cannot be cyclesin the node structure

Framebuffer, The buffer that the picture is rendered to before it is flushed to the screen.
Framework, The framework is implementation of pattern using object-oriented language.
Using framework means customization of behavior according to framework level of abstrac-
tion.

GUI, Graphical User Interface

LOD, Level Of Detail is away to optimize the viewing of large data sets. By using a simpli-
fied model when it is seen from a great distance or at high speed.

Module definition file, An interface description for an explicitly dynamically linked DLL.
OpenGL, Open Graphics Library, low-level graphics API developed by SGI. Industry stan-
dard used in several CAD and 3D applications

Pattern, Pattern is an abstract description of a problem solution expressed using designed
object model. The object model consists of relationships between classes, relationships be-
tween objects and relationships between classes and objects.

Render, to generate an image, from a 3D scene, that will be displayed on a 2D screen

Scene graph, ahierarchical representation of a 3D graphics scene

SDK, Software Development Kit

SGl, Silicon Graphics, Inc.

Texturing, Applying a bitmap to a surface to make it more redlistic.

Trandation, the position of a geometry in a coordinate system; to translate, to position a
geometry in the coordinate system

Vertex, The smallest component of a 3D scene, consisting of just one point
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B Source code for sample program

The following part is the code for a sample program that visualizes a part of the design in a
smaller scale.
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B.1 Main

/1 classtest.cpp : Defines the entry point for the console application.
I

#i ncl ude "stdaf x. h"

#i nclude "string. h"
#ifndef _ factory_

#i ncl ude "fact. h"
#endi f

#i fndef __aclass__

#i ncl ude "acl ass. h"
#endi f

#i fndef __anothcl ass__
#i ncl ude "anot hcl ass. h"
#endi f

/************************************************************************/

cl ass prog

{
public:
prog(absFactory* f){factory = f;};
voi d exec()
{
absCl ass *soneone = factory->makeC ass("ola", 3);
/1 ABSTRACT | NTERFACE CLASS OBJECT IS
/| CREATED AS " ACLASS" OBJECT
anot hAbsCd ass *another = factory->makeAbsd ass();
/1 ANOTHER ABSTRACT CLASS OBJECT IS
/| CREATED AS " ANOTCLASS" OBJECT
anot her - >usene(soneone); // SHOAS HOW THE | NTEFACE CLASS OBJECTS
/1 USE EACHOTHER ALTHOUGHT THE
/1 1 MPLEMENTATI ON OF THE | NTERFACE
/] DOESNT WANT A OBJECT OF THAT TYPE
}
private:
absFactory* factory;
}

/*************************************************************************/

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

{
prog progranmnew aFactory());
program exec();
return O;

}
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B.2 Factory

#define _ factory_

#i fndef __aclass__

#i ncl ude "acl ass. h"
#endi f

#i fndef __anothclass__
#i ncl ude "anot hcl ass. h"
#endi f

/****************************/

cl ass absFactory

{

public:
virtual absd ass* nmakeC ass(char* string, int length) = 0;
virtual anot hAbsCl ass* makeAbsCl ass() =0

b

/****************************/

class aFactory : public absFactory

{
public:
absC ass* makeC ass(char* string, int |ength)
{
return new aC ass(string, |ength);
b
anot hAbsd ass* nmakeAbsd ass()
{
return new anot hd ass();
b
b
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B.3 Adapter 1

#define __aclass__

/************************/

cl ass absd ass /1 THE ABSTRACT | NTEFACE CLASS
{
public:
virtual void pName(char* string) = O;
b
/************************/
class anlnp /1 | MPLEMENTOR CLASS
{
public:
anl np(char* string, int |en)
{
length = len;
name = string;
}
voi d printName(char* string)
{
printf("Nane %: %\n", string, nane);
}
private:
int |ength;

char* nane;
}
/*************************/
class aClass : private anlnp, public absCass // THE | MPLEMENTEE CLASS
{
public:
ad ass(char *s, int I) : anlnp(s, 1){};
voi d pNane(char* string)
{
print Name(string);
b
private:

H
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B.4 Adapter 2

#define __anothclass__
/**********************************/
cl ass anot hAbsCl ass /| ANOTHER ABSTRACT | NTERFACE
CLASS
{
public:

virtual void usenme(absd ass* a) = 0;
b
/**********************************/
cl ass anot hl npC ass /1 ANOTHER | MPLEMENTOR CLASS
{
public:

voi d use(anl nmp* i)

{ imp =i,

i mp->print Name("soneone") ;

b
private:

anl mp* i np;
b
/**********************************/
cl ass anothC ass : private anothl npC ass, public anot hAbsd ass
/1 ANOTHER | MPLEMENTEE CLASS

{
public:
voi d usene(absC ass* sonet hi ng)
{
use((anl mp*) ((ad ass*) sonmething));
b
b
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C Source codefor the demo program

Thisisthe code for the demo implementation.
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C.1 WinMain

/1 VTCl assTest.cpp : Defines the entry point for the application.
/1

#i ncl ude "stdaf x. h"

#i ncl ude "w ndows. h"

#i nclude <gl\gl.h> /1l Header File For The QpenG.32 Library
#i ncl ude <gl\glu. h> /'l Header File For The GLu32 Library
#i ncl ude <gl\ gl aux. h> /1 Header File For The GLaux Library

#i f ndef __ AAAbsFactory_

#i ncl ude "AAAbsFactory. h"
#endi f

#i fndef __ _AAVTreeFactory__
#i ncl ude " AAVTreeFactory. h"
#endi f

#i fndef __AAD | Handl er __

#i ncl ude "AAD | Handl er. h"
#endi f

#i f ndef __AAAbsDI | Handl er __
#i ncl ude "AAAbsDl | Handl er. h"
#endi f

#i f ndef __ AAAbsMai nApp__

#i ncl ude " AAAbsMai nApp. h"
#endi f

#i f ndef __ AAMai nApp___

#i ncl ude " AAMai nApp. h"

#endi f

/1 dobal Variables:

static HWID hWhd; /! The W ndow Handl e

static HGLRC hRC; /1 Permanent Rendering Context
static HDC hDC; /] Private GDI Device Context

AAAbsFactory *factory;
AAAbsDI | Handl er *dl | handl er;
AAAbsMai nApp *app;

/***************************************************************************/

/[*The Initialization O Interfaces, Wndows And DLLs */
/***************************************************************************/
Gvoid InitG(Gsizei Wdth, G.sizei Height) // This WIl Be Called R ght After The
G. Wndow Is Created
{

factory = new AAVTreeFactory();

dl I handl er = new AADI | Handl er () ;

app = new AAMai nApp(factory, dllhandler, hWd);

/******************************************************************************/

/*The Draw Funtion

*/
/******************************************************************************/
GLvoi d DrawG@.Scene( GLvoi d) /1 This WIIl Be Called Each Loop

if (!(app->AADraw())) Post QuitMessage(0);
}
/***************************************************************************/
v unti
/*The Event Handl er Funtion */
/***************************************************************************/
VOi i / v v
GLvoi d Handl eMessage( MSG ns /1l This WIl Be Called At Every Event
{
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swi t ch(nsg. message)
{
case WM S| ZE:
br eak;
case WM _LBUTTONDOWMN:
br eak;
case WM NCLBUTTONUP:
case WM _LBUTTONUP:
br eak;
case WM MBUTTONDOWN:
br eak;
case WM NCVBUTTONUP:
case WM _MBUTTONUP:
br eak;
case WM RBUTTONDOWN:
br eak;
case WM _NCRBUTTONUP:
case WM RBUTTONUP:
br eak;
case WM NCMOUSEMOVE:
case WM MOUSEMOVE:
br eak;
case WM _LBUTTONDBLCLK:
br eak;
case WM _MBUTTONDBLCLK:
br eak;
case WM RBUTTONDBLCLK:
br eak;
case WM _KEYDOMN:
swi t ch(msg. wPar am

case VK ESCAPE:
Post Qui t Message(0);
br eak;

case VK RI GHT:
br eak;

case VK LEFT:
br eak;

case VK UP:
br eak;

case VK DOMN:
br eak;

}

br eak;
case WM KEYUP:
swi t ch(nmsg. wPar an

{
case VK _RI GHT:
br eak;
case VK _LEFT:
br eak;
case VK _UP:
br eak;
case VK_DOMN:
br eak;
}

br eak;
defaul t:
br eak;

}
app- >AAHandl e( nsgQ) ;

/***************************************************************************/

/*The WhdProc Cal | back Routi ne

/***************************************************************************/

LRESULT CALLBACK WhdProc( HWND hWwid, U NT nessage,

{
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GLui nt Pi xel For mat ;

static Pl XELFORMATDESCRI PTOR pf d=
{
si zeof ( Pl XELFORVATDESCRI PTOR) , /1 Size O This Pixel Format De-
scriptor
1, /1l Version Nurmber (?)
PFD_DRAW TO_W NDOW | /1 Format Must Support W ndow
PFD_SUPPORT_COPENGL | /1 Format Must Support OpenGL
PFD_DOUBLEBUFFER, /1 Must Support Doubl e Buffer-
i ng
PFD_TYPE_RGBA, /1l Request An RGBA For nat
16, // Select A 16Bit Col or
Dept h
0o, o, 0o, 0, 0, O, /1 Color Bits Ignored (?)
0, /1 No Al pha Buffer
0, /1 Shift Bit Ignored (?)
0, /1 No Accunul ation Buffer
0, 0, 0, O, /1 Accunul ation Bits |g-
nored (?)
16, /1 16Bit Z-Buffer (Depth
Buf fer)
0, // No Stencil Buffer
0, /1 No Auxiliary Buffer (?)
PFD_MAI N_PLANE, /1 Main Drawi ng Layer
0, /1 Reserved (?)
0, 0, O /1 Layer Masks Ignored (?)
3
switch (nmessage) /1 Tells Wndows W Want To
Check The Message
{

case WM CREATE:
hDC = Get DC( hwhd) ; /1l Gets A Device Context For The W ndow
Pi xel Format = ChoosePi xel Format (hDC, &pfd);// Finds The C osest
Mat ch To The Pixel Format We Set Above

if (!Pixel Format)

{
MessageBox(0, "Can't Find A Suitable Pixel For-
mat.","Error", MB_OK| MB_| CONERRCR) ;

Post Qui t Message(0) ; /1 This Sends A 'Message' Telling
The Program To Quit
br eak; /1 Prevents The Rest O The Code
From Runni ng
}
i f(!SetPixel Format (hDC, Pi xel For mat, &of d))
{

MessageBox(0, "Can't Set The Pi xel For -
mat.","Error", MB_OK| MB_| CONERRCR) ;

Post Qui t Message(0) ; /1 This Sends A 'Message' Telling
The Program To Quit
br eak; /1 Prevents The Rest O The Code
From Runni ng
}
hRC = wgl Cr eat eCont ext (hDC) ;
i f(!'hRC
{

MessageBox(0,"Can't Create A G Rendering Con-
text.","Error", MB_OK| MB_| CONERROR) ;

Post Qui t Message(0) ; /1 This Sends A 'Message' Telling
The Program To Quit

br eak; /1 Prevents The Rest O The Code
From Runni ng

}
i f(!wgl MakeCurrent (hDC, hRQC))
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{
MessageBox(0, "Can't activate
GLRC.","Error", MB_OK| MB_| CONERROR) ;

Post Qui t Message(0); /1 This Sends A 'Message' Telling
The Program To Quit
br eak; /'l Prevents The Rest O The Code
From Runni ng
}
br eak; /'l Prevents The Rest O The Code

From Runni ng

case WM _DESTROY:
case WM CLCSE:
ChangeDi spl aySetti ngs(NULL, 0); // Nulls The Display Settings

wgl MakeCurrent (hDC, NULL) ; /1 Nulls The Current Hardeware De-
vi ce Cont ext

wgl Del et eCont ext (hRC) ; /1 Del etes The hRC

Rel easeDC( hwhd, hDC) ; /! Rel eases The hDC From The W ndow

Post Qui t Message(0); /1 This Sends A 'Message' Telling
The Program To Quit

br eak;

defaul t:

return (Def WndowProc(hWhd, nessage, wParam | Paran));

return (0);
/***************************************************************************/
[ *W nMai n */

/***************************************************************************/

int WNAPI W nMai n( H NSTANCE hl nst ance, HI NSTANCE hPrevl nstance, LPSTR | pCnidLi ne,
i nt nCndShow)

RECT Scr een; /] Used Later On To Get The Size O The W ndow

VBG nsg; /1 Wndows Message Structure

WNDCLASS  wc; /1 Wndows O ass Structure Used To Set Up The Type
O W ndow

we. styl e = CS_HREDRAW | CS_VREDRAW | CS_OWNDC,

we. | pf nWhdPr oc = (VWNDPROC) WhdProc;

we. cbC sExtra = 0;

we. cbWwhdExtra = 0;

we. hl nst ance = hl nst ance;

we. hl con = NULL;

we. hCur sor = LoadCursor (NULL, | DC_ARROW ;

we. hbr Backgr ound = NULL;

we. | pszMenuNane = NULL;

we. | pszd assNane = "OpenG. W nd ass";

i f(!RegisterC ass(&wc))

-~

MessageBox(0, "Fail ed To Regi ster The W ndow
Class.","Error", MB_CK| MB_| CONERROR) ;
return FALSE;
}

hwid = Creat eW ndow
"Open@ W nd ass",
"The Pure Application.",// Title Appearing At The Top O The W ndow

[ 1 W5_OVERLAPPEDW NDOW | /1l Creates an overl apped w ndow.

/1 W5_OVERLAPPED | /1 An overl apped wi ndow usually has a caption and a
bor der.

W5_POPUP | /1 Creates a pop-up w ndow.

W5_CLI PCHI LDREN | /1 Excludes the area occupied by child wi ndows when
you draw within the parent w ndow.

W5_CLI PSI BLI NGS | /1 dips child wi ndows relative to each other.
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W5 _VI Sl BLE, /] Creates a window that is initially visible.

0, O, // The Position O The Wndow On The Screen
1024, 768, /1 The Wdth And Hei ght O The W ndow

NULL,

NULL,

hl nst ance,
NULL) ;

i f (! hwd)
{

MessageBox (0, "W ndow Creation Error.","Error", MB_COK| MB_| CONERROR) ;
return FALSE;

}

DEVMODE dnScr eenSetti ngs; /1 Devel oper Mode

menset (&JnScreenSettings, 0, sizeof (DEVMODE)); // O ear Room To Store Settings

dnfScr eenSet ti ngs. dnti ze = si zeof ( DEVMODE) ; /1 Size O The Devnode
Structure

dnfScr eenSet ti ngs. dmPel sW dt h = 1024; // Screen Wdth

dntScreenSetti ngs. dnPel sHei ght = 768; /1 Screen Hei ght

dnfScr eenSet ti ngs. dnFi el ds DM PELSW DTH | DM _PELSHEI GHT; // Pi xel Mbde

ShowW ndow( hwad, SW SHOW ;

Get d i ent Rect (hWhd, &Screen);
InitG&(Screen.right, Screen.botton);

while (1)
{

whil e (PeekMessage(&rsg, NULL, O, 0, PM NOREMOVE)) // Process Al Mes-
sages

i f (GetMessage(&rsg, NULL, 0, 0))

Handl eMessage( nsg) ;
/1 Call The Handl er Procedure
Tr ansl at eMessage( &18Q) ;
Di spat chMessage( &nsQ) ;
}

el se

{

}

}
Dr awGLScene() ;
// Call The Draw Procedure

}

return TRUE;
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C.2 Abstract Main Application Class

/1 AAAbsMai nApp.h : Defines the interface of the main application class.
/1
#define __ AAAbsMai nApp__

#i f ndef __ AAAbsFactory__

#i ncl ude "AAAbsFactory. h"
#endi f

#i fndef __ _AAAbsDI | Handl er __
#i ncl ude "AAAbsDl | Handl er. h"

#endi f

cl ass AAAbsMai nApp

{

public:
virtual BOOL AADraw() = O;
virtual void AAHandl e(M5G = O0;

private:

b
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C.3 Main Application Class

/1 AAMai nApp. h : Defines the nmain application class.
/1
#define __ AAMai nApp___

#i f ndef __ AAAbsMai nApp__

#i ncl ude " AAAbsMai nApp. h"
#endi f

#i f ndef __ AAAbsFactory_

#i ncl ude " AAAbsFactory. h"
#endi f

#i f ndef __AAAbsDI | Handl er __
#i ncl ude "AAAbsDI | Handl er. h"
#endi f

cl ass AAMai nApp : public AAAbsMai nApp

{

public:
AAMai nApp( AAAbsFact ory* fact, AAAbsDI | Handl er* dlls, HAND hWhd)
{

dl I handl er = dl I s;

factory = fact;

dl I handl er - >AALoadDl | s();

dl I handl er - >AASet upDl | s(factory, hWwd);

3

BOOL AADr aw()

{
dl | handl er - >AAExecDI | s();
return TRUE;

}

voi d AAHandl e( M5G nsQ)

{
dl | handl er - >AAEvent DI | s(nsQ) ;

b

private:

AAAbsDI | Handl er* dl | handl er;
AAAbsFact ory* factory;

AAW ndow* wi ndow,
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C.4 Abstract DLL Handler

/1 AAAbsDI | Handl er. h : Defines the interface of the dll handl er class.
/1

#define __ AAAbsD | Handl er __

#i ncl ude <w ndows. h>

#i f ndef __ _AAAbsFactory__

#i ncl ude "AAAbsFactory. h"

#endi f
cl ass AAAbsDI | Handl er
{
public:
virtual void AALoadD Is() = 0;
virtual void AASetupD | s(AAAbsFactory*, HWD) = O;
virtual void AAExecD Is() = 0;
virtual void AAEventD | s(MSG nsg) = O;
}
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C.5 DLL Handler

/1 AAD | Handl er.h : Defines dll handler class.
/1

#define __ _AAD | Handl er __

#i f ndef __ _AAAbsDI | Handl er __
#i ncl ude "AAAbsDl | Handl er. h"
#endi f

#i f ndef __ AAAbsFactory__

#i ncl ude "AAAbsFactory. h"
#endi f

#i ncl ude <stdio. h>

#i ncl ude <wi ndows. h>

/1 DEFI NI TI ONS

#defi ne SEARCHSTRI NG ".\\system\"
#defi ne SEARCHNAME "*.dl "

#defi ne MAXDLLS 40

cl ass AADI | Handl er : public AAAbsDI | Handl er
{
public:
/1 VARl ABLES

/1 FUNCTI ONS

//Basic fuctions, constructor, destructor.
AADI | Handl er () ;

~AAD | Handl er () ;

voi d AALoadDl | s();

voi d AASet upDl | s(AAAbsFactory* fact, HWD nWid);
voi d AAExecDl | s();

voi d AAEvent Dl | s(MSG nsgQ) ;

private:
/1 VARl ABLES
LPW N32_FI ND_DATA dI | Li st[ MAXDLLS] ;
int nrODl|s;
HI NSTANCE | i st [ MAXDLLS] ;
int dll Count;

char *buff;

[/ FUNCTI ONS
voi d AASearchForD | s();
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/1 AAD | Handl er.cpp : Defines inplementation of dll handler class.

/1
#i ncl ude "AAD | Handl er. h"

/*******************PUBLI C FUNC‘I’I O\IS****************/
AADI | Handl er: : AAD | Handl er ()

{
nfrODlIs = 0;
buff = new char[ MAX_PATH ;
AASear chFor Dl | s();
}
AADI | Handl er:: ~AADI | Handl er ()
{
for (int j =0; j <nrODiIs ; j++)
delete dllList[j];
}
for (j =0 ; j < dlICount ; j++)
{
FreeLibrary(list[j]);
}
}

voi d AADI | Handl er: : AALoadDl | s()
dl | Count = O;

for (int j =0; j <nrODiIs ; j++)

sprintf(buff, "9%%", SEARCHSTRING dl|List[j]->cFileNane);

list[dllCount] = LoadLibrary(buff);
if (list[dllCount] != NULL)

FARPRCC |i bfunk = GetProcAddress(list[dll Count], "ddKindOD|");

{
if (libfunk !'= NULL)
dl | Count ++;
}
el se
{
FreeLi brary(list[dll Count]);
}
}

}

voi d AADI | Handl er: : AASet upDl | s( AAAbsFactory* fact, HWD hWhd)

typedef void (* funk)( AAAbsFactory*, HWD);
for (int j =0 ; j < dllCount ; j++)

if (list[j] !'= NULL)

funk i bfunk = (funk) Get ProcAddress(list[j],

if (1ibfunk !'= NULL)

I'i bf unk(fact, hwWhd);

}
el se
{ _ -
FreeLibrary(list[j]);
MessageBox(0, "Error in executing the
dil.","Error", MB_OK| MB_| CONERROR) ;
}
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}
voi d AADI | Handl er: : AAExecDl | s()

for (int j =0 ; j <dllCount ; j++)
if (list[j] !'= NULL)
{

FARPROC | i bf unk = Get ProcAddress(list[j], "ddExecDI");
if (libfunk !'= NULL)

I'i bf unk();
}
el se
{
FreeLibrary(list[j]);
MessageBox(0, "Error in executing the
dil.","Error", MB_OK| MB_| CONERROR) ;
}
}
}
}
voi d AADI | Handl er: : AAEvent DI | s( MSG nsQ)
{
typedef void (* funk)(MSG; //STYLE OF TYPEDEFI NG RETURN FUNCTI ON.
for (int j =0 ; j < dllCount ; j++)
if (list[j] !'= NULL)
{
funk i bfunk = (funk) Get ProcAddress(list[j], "ddEventDI|");
if (libfunk !'= NULL)
I'i bf unk(nsg);
}
el se
{
FreeLibrary(list[j]);
MessageBox(0, "Error in executing the
dil.","Error", MB_OK| MB_| CONERROR) ;
}
}
}
}

/***************PRI VATE FU’\K:'I" O\js*****************/
voi d AADI | Handl er: : AASear chFor Dl | s()

dilList[nrOD Is] = new WN32_FI ND_DATA,

sprintf(buff, "%9%", SEARCHSTRI NG SEARCHNAME);

HANDLE foundFile = FindFirstFile(buff, dllList[0]); //The filename is nowin -
>cFi | eName of the |ist.

if (foundFile == | NVALI D_HANDLE VALUE)
{
MessageBox(0,"No *.dll files found.","Error™, MB_CK| MB_| CONERROR) ;
}
el se
{

nrOD s = 1;
dilList[nrOFDIs] = new WN32_FI ND_DATA,
while (FindNextFile(foundFile, dllIList[nrODIs]) & (nrODIls < 40))
{
nrOf DI | s++
dilList[nrOFDIs] = new WN32_FI ND_DATA,

}
delete dlIList[nrODIs];



for (int j =0 ; j <nrOD s ; j++)
{
printf("% \n", dllList[j]->cFileNane);
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C.6 Main DLL

:mainD | .def : Defines the interface for the DLL
LI BRARY nmani D |
EXPORTS

ddKi ndOf DI |
ddSet upDl |
ddExecD |
ddEvent DI |

/1 mainDi|.cpp : Defines the entry point for the DLL application.
/1

#i ncl ude "stdaf x. h"

#i nclude "dlls.h"

#i f ndef __ _AAAbsFactory_
#i ncl ude "AAAbsFactory. h"
#endi f

#i f ndef __ AAW ndow__

#i ncl ude " AAW ndow. h"
#endi f

#i fndef __ _AAVi ewport
#i ncl ude " AAVi ewport. h"
#endi f

#i fndef _ AAScene

#i ncl ude "AAScene. h"
#endi f

#i fndef _ AAEntity__

#i ncl ude "AAEntity. h"
#endi f

#i fndef _ AANode

#i ncl ude " AANode. h"
#endi f

/I VARS AND CLASSES

AAAbsFact ory* factory;

AAW ndow* wi ndow,

AAVi ewport* vi ewport;

AAScene* scene

AAENntity* entity;

float deltaHorz, deltaVert, deltaRoll, dist, tenpl, tenp2, tenp3, tenp4;
BOOL LEFT_B, FIRST_LEFT,;

BOOL API ENTRY DI | Mai n( HANDLE hMbdul e,
DWORD ul _reason_for_call,
LPVO D | pReserved

)
{
return TRUE;
}
int ddKi ndOrDl | (voi d)
{
return APPDLL;
}

voi d ddSetupD | (AAAbsFactory* fact, HWD hwWid)
factory = fact;

wi ndow = factory->nmakeW ndow "The Main Wndow', hwd, 0, 0, 1024, 768);
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768) ;

}

vi ewport = factory->makeVi ewport (wi ndow, "The Main Viewport",

wi ndow >AAAddVi ewport (vi ewport);

scene = factory->makeScene(" The Mai n Scene");
entity = factory->makeEntity("The Main Entity");
entity = scene->AALoad(".\\nodel s\\f16.vt");

vi ewpor t - >AASet Scene(scene) ;
Vi ewport - >AASet Col or (0. 87f, 0.87f, 1.0f);
vi ewport - >AASet Per specti ve(45.0f, 1.5f, 1.f, 10000.f);

/1 vi ewport - >AASet Vi emLookFr oniTo( - 20. Of, 10. 0f, -5.0f, O0.O0f,

vi ewpor t - >AAFogSet Li near Range( 300. 0Of, 10000. 0f);
Vi ewpor t - >AAFogSet Mode( LI NEAR) ;

vi ewport - >AAFogSet Col or (0. 9f, 0.9f, 1.0f, 0.3f);
Vi ewport - >AAFogEnabl e() ;

wi ndow >AAEnabl e( TEXTURE) ;

/I wi ndow >AAEnabl e( LI GHTNI NG ;
wi ndow >AAEnabl e( BACKFACECULL) ;
wi ndow >AAEnabl e( OBJECTCULL) ;
wi ndow >AAEnabl e( FOG) ;

Vi ewpor t - >AAPr epar eFor Render () ;

di st = 20.0f;
deltaHorz = 0.f;
deltaVert = 0.f;
deltaRoll = 0.f;
LEFT B = FALSE;

voi d ddExecDl | ()

{

Vi ewpor t - >AASet Vi ewLookAr oundAt (f act ory- >makeVect or (0. f,

deltaVert, deltaRoll, dist);

}

wi ndow >AAFr ame() ;
wi ndow >AARender () ;
deltaVert = deltaHorz = 0. f;

voi d ddEvent D | (MSG nsQ)

{

swi t ch(nmsg. message)

{

case WM LBUTTONDOWN:
LEFT_B = TRUE;
FI RST_LEFT = TRUE;
br eak;

case VWM NCLBUTTONUP:

case WM _LBUTTONUP:
LEFT_B = FALSE;
br eak;

case WM MBUTTONDOWN:
br eak;

case VWM NCVBUTTONUP:

case WM _MBUTTONUP:
br eak;

case WM RBUTTONDOWN:
br eak;

case VWM NCRBUTTONUP:

case WM _RBUTTONUP:
br eak;

case WM NCMOUSEMOVE:

case WM MOUSEMOVE:
if (LEFT_B)
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case

case

case

case

case

tenmpl LOMORD( nsg. | Par am ;
tenp3 HI WORD( nsg. | Paranm ;
i f (FIRST_LEFT)

{

tenp4 = tenps3,;
tenp2 = tenpl,
FI RST_LEFT = FALSE;

}
/*THE HORI ZONTAL*/
tenp2 = tenp2 - tenpl;
del taHorz = tenp2/500;
tenp2 = tenpl,
/*THE VERTI CAL*/
tenp4 = tenpd - tenp3;
deltaVert = tenp4/500;
tenp4 = tenps3,;

}

br eak;

VWM _LBUTTONDBLCLK:

br eak;

VW_VBUTTONDBL CLK:

br eak;

WM _RBUTTONDBL CLK:

br eak;

VW_KEYDOWN:

swi t ch(msg. wPar am

{
case VK RI GHT:
br eak;
case VK LEFT:
br eak;
case VK UP:
br eak;
case VK DOMN:
br eak;
}

br eak;
VW _KEYUP:
swi t ch(msg. wPar am

{
case VK RI GHT:
br eak;
case VK LEFT:
br eak;
case VK UP:
br eak;
case VK DOMN:
br eak;
}

br eak;

defaul t:

}

br eak;
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C.7 TeranDLL

:mainD | .def : Defines the interface for the DLL
LI BRARY terrainDl |
EXPORTS

ddKi ndOf DI |
ddSet upDl |
ddExecD |
ddEvent DI |

/1 terrainDLL.cpp : Defines the entry point for the DLL application.
I

#i ncl ude "stdafx. h"

#i nclude "dlls. h"

#i f ndef __ _AAAbsFactory_
#i ncl ude " AAAbsFactory. h"
#endi f

#i f ndef __ AAW ndow__

#i ncl ude " AAW ndow. h"
#endi f

#i fndef __ _AAVi ewport
#i ncl ude " AAVi ewport . h"
#endi f

#i f ndef _ AAScene

#i ncl ude "AAScene. h"
#endi f

#i fndef _ AAEntity__

#i ncl ude "AAEntity.h"
#endi f

#i fndef __ AANode

#i ncl ude " AANode. h"
#endi f

#i fndef _ AAGVatrix__
#i ncl ude "AAGwatri x. h"
#endi f

/I VARS AND CLASSES
AAAbsFact ory* factory;
AAW ndow* wi ndow,

BOOL API ENTRY DI | Mai n( HANDLE hMbdul e,
DWORD ul _reason_for_call
LPVO D | pReserved

)
{
return TRUE

}

int ddKindO DI | (voi d)

{

return TERRAI NDLL

}

voi d ddSetupD | (AAAbsFactory* fact, HWD hwWid)
{

factory = fact;
wi ndow = factory->nakeW ndow " The Main Wndow', hwd, 0, 0, 1024, 768);

AAVi ewport* viewport = wi ndow >AAFi ndVi ewport (" The Main Viewport");
AAScene* scene = vi ewport->AACet Scene();
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}

AANode* graph = factory->makeNode("LosAngel es");

graph = graph->AAReadTree(".\\terrai n\\| osangel es2.vt");
AAENntity* entity = factory->makeEntity("Terrain", graph);
scene- >AAAddEntity(entity);

vi ewpor t - >AAPr epar eFor Render () ;

voi d ddExecDl | ()

{
}

voi d ddEvent D | ( MSG nsQ)

{

swi t ch(nmsg. message)

case WM _LBUTTONDOWMN:
br eak;
case WM NCLBUTTONUP:
case WM _LBUTTONUP:
br eak;
case WM MBUTTONDOWN:
br eak;
case WM _NCVBUTTONUP:
case WM _MBUTTONUP:
br eak;
case WM RBUTTONDOWN:
br eak;
case VWM NCRBUTTONUP:
case WM _RBUTTONUP:
br eak;
case WM NCMOUSEMOVE:
case WM MOUSEMOVE:
br eak;
case WM _LBUTTONDBLCLK:
br eak;
case WM _MBUTTONDBLCLK:
br eak;
case WM _RBUTTONDBLCLK:
br eak;
case WM _KEYDOMN:
swi t ch(msg. wPar am

{
case VK RI GHT:
br eak;
case VK LEFT:
br eak;
case VK UP:
br eak;
case VK DOMN:
br eak;
}

br eak;
case WM KEYUP:
swi t ch(nmsg. wPar an

{
case VK RI GHT:
br eak;
case VK LEFT:
br eak;
case VK UP:
br eak;
case VK DOMN:
br eak;
}
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br eak;
defaul t:

br eak;
}
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C.8 Abstract Factory

/1 AAAbsFactory.h :
/1

#define __ AAAbsFactory__
#i f ndef __ AAW ndow__

#i ncl ude " AAW ndow. h"
#endi f

#i fndef __ _AAVi ewport
#i ncl ude " AAVi ewport. h"

#endi f
#i f ndef __ _AAScene__
#i ncl ude " AAScene. h"
#endi f

#i fndef _ AAEntity__
#i ncl ude "AAEntity.h"
#endi f

#i fndef __ AANode

#i ncl ude " AANode. h"

#endi f
#i f ndef __ _AATNode_
#i ncl ude " AATNode. h"
#endi f

#i f ndef __ AAl GNode
#i ncl ude " AAl GNode. h"

#endi f
#i f ndef __ _AAVector __
#i ncl ude "AAVector. h"
#endi f

#i fndef __ AAGVAtTiI X
#i ncl ude "AAGWAtTri x. h"

#endi f
#i fndef __ _AACol or __
#i ncl ude " AACol or. h"
#endi f

#i fndef _ AAwaterial
#i ncl ude "AAwaterial . h"

#endi f
#i fndef __ AAFxDebris__
#i ncl ude " AAFxDebris. h"
#endi f

#i fndef _ AAFXM ssileTrail __
#i ncl ude "AAFXM ssileTrail.h"
#endi f

#i f ndef __ AAFXExpl osi on__

#i ncl ude " AAFXExpl osi on. h"

Defines the interface of the factory class.

#endi f
cl ass AAAbsFactory
{
public:
vi rtual AAW ndow* nakeW ndow( char* string, HWD hWd, int posx, int posy,
wi dth, int height) = 0;
virtual AAVi ewport* nmakeVi ewport ( AAW ndow* wi ndow, char* string, int posx
posy, int width, int height) = O;
virtual AAScene* nmakeScene(char* string) = O;
virtual AAEntity* makeEntity(char* string, AANode* tree = NULL) = O;
vi rtual AANode* makeNode(char* string, char* path) = O;
virtual AATNode* makeTNode(const char *name = NULL) = O;
vi rtual AAlI GNode* nmkel GNode(const char *nane = NULL
AANode *next = NULL,
AANode *child = NULL,
i nt Col or Type = AAPer None,
i nt NorniType = AAPer None,
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int TexType = AAPer None,
int Vert Type = AAPer None,
unsi gned int NodeFl ags = 0,
int Material = 0O,

int Texture = 0,

BOOL Wrefrane = FALSE,

int NunPrinSets = 0,

int *Prinflypes = NULL,

int *NunPrinVerts = NULL,
int *NunPrinms = NULL,

int NunColors = 0,

unsigned int *Colors = NULL,

int NumNornms = O,
float *Norms = NULL,
int NumTexs = 0,
float *Texs = NULL,

int NunVerts = 0,

float *Verts = NULL,

i nt NunCol orl ndex = 0,

int *Col orl ndex = NULL,

i nt NumNor ml ndex = 0,

int *Norm ndex = NULL,

i nt NumTexl ndex = 0,

int *Texl ndex = NULL,

int NunVertlndex = 0,

int *Vertlndex = NULL) = O;

vi rtual AAVector* nmakeVector() = O;
virtual AAVector* nakeVector(float, float, float) = 0;
virtual AAGWAtrix* makeGwvatrix() = O;

virtual AACol or* makeCol or(float ir = 0.0f, float ig = 0.0f, float ib = 0.0f,
float ia = 1.0f) = O;

vi rtual AACol or* makeCol or (AACol or *c) = 0;

vi rtual AACol or* makeCol or (AAPackCol or *p) = 0;

vi rtual AAPackCol or* makePackCol or(const int ir = 0, const int ig = 0, const
int ib =0, const int ia = 255) = 0;

vi rtual AAPackCol or* makePackCol or (unsi gned int c) = 0;

virtual AAMaterial* makeMaterial (const char *nane = NULL,

const float al pha = 1.0,

const AAVector *anbient = NULL,
const AAVector *diffuse = NULL,
const AAVector *specul ar NULL,

const AAVector *em ssion = NULL,
const float shininess = 0.0) = 0;

/1virtual AAGaugeNode* makeGaugeNode(const char *nane = NULL, AANode *next =
NULL, AANode *child = NULL, int neededChannels = 0) = 0;

vi rtual AA2DGeontEl enent * nake2DGeonEl ement ( AAGeoniType2D t, const int nunVerts
=0, float *data = NULL) = O;

vi rtual AA2DGeonfzaugeNode* make2DGeontzaugeNode(const char *nane = NULL, AANode
*next = NULL, AANode *child = NULL) = 0;

virtual AAFxDebris* makeFxDebri s(const char* nane) = O;

virtual AAFXM ssileTrail* nakeFxM ssil eTrail (const char *name, AAVector *pos,
float dur = 1.0f, float size = 1.0f) = O;

vi rtual AAFXExpl osi on* makeFxExpl osi on(char* nane = NULL) = O;
private:

s
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C.9 VTreeFactory

/'l AAVTreeFactory.h : Defines the factory class

I

#define __ AAVTreeFactory__
#i f ndef __ AAAbsFactory_

#i ncl ude " AAAbsFactory. h"
#endi f

#i f ndef __ _AAVTreeW ndow__

#i ncl ude " AAVTr eeW ndow. h"
#endi f

#i f ndef __AAVTreeVi ewport __
#i ncl ude " AAVTreeVi ewport. h"
#endi f

#i f ndef __ _AAVTreeScene__

#i ncl ude " AAVTreeScene. h"
#endi f

#i fndef __ _AAVTreeEntity__

#i ncl ude "AAVTreeEntity. h"
#endi f

#i f ndef __ _AAVTreeNode_

#i ncl ude " AAVTreeNode. h"
#endi f

#i fndef __ AAVTreeTNode

#i ncl ude " AAVTreeTNode. h"
#endi f

#i f ndef __AAVTreel GNode___

#i ncl ude " AAVTreel GNode. h"
#endi f

#i f ndef __ AAVTreeVector

#i ncl ude " AAVTreeVector. h"
#endi f

#i fndef __ _AAVTreeGMWAtri x__
#i ncl ude "AAVTreeGwtri x. h"
#endi f

#i fndef __ AAVTreeCol or

#i ncl ude " AAVTreeCol or. h"
#endi f

#i fndef __ _AAVTreeMaterial __
#i ncl ude "AAVTreeMaterial.h"
#endi f

#i f ndef __ _AAVTreeFxDebris__
#i ncl ude "AAVTreeFxDebris. h"
#endi f

#i fndef _ AAVTreeFxM ssil eTrail
#i ncl ude "AAVTreeFxM ssileTrail.h"
#endi f

#i f ndef __ AAVTreeFxExpl osi on__
#i ncl ude " AAVTr eeFxExpl osi on. h"
#endi f

cl ass AAVTreeFactory : public AAAbsFactory
{

private:
AAVTr eeW ndow* wi ndow;

public:
AAVTr eeFact ory()
{

H

wi ndow = NULL;

AAW ndow* makeW ndow( char* string, HAD hwWhd

int height)//{return NULL;};

i nt posx,

int posy,

int width,



i f (w ndow == NULL)

{
vt WnhDC = Get DC( hWhd) ;
tures The Wndows Devi ce Context
vt W nhWhd = hWhd;
tures The W ndow Handl e
vt Set Pi xel For mat (vt W nhwhd, vt W nhDC) ;
Format (Shows A Popup W ndow The Firs Tine)
vt WnhGLRC = wgl Cr eat eCont ext (vt WnhDC) ;
dering Cont ext
wgl MakeCurrent (vt WnhDC, vt W nhGLRC);
Renderi ng Context Current
vtlnit();
ates The Vtree Library
wi ndow = new AAVTreeW ndow(string, hWhd, posx,
}

return w ndow;

pi xel

H

/1 Cap-
/1 Cap-

/'l Chooses The

/'l Creates A GL Ren-
/1 Makes The

[l Initi-

posy, width, height);

AAVi ewport* makeVi ewport (AAW ndow* wnd, char* string, int posx, int posy, int

width, int height)

{return new AAVTreeVi ewport ( (vt Wndow*) ( (AAVTr eeW ndow*)wnd), string, posx,

posy, width, height);};

AAScene* nmmkeScene(char* string)
{return new AAVTreeScene(string);};

AAENntity* makeEntity(char* string, AANode* tree)

{return new AAVTreeEntity(string, (vtNode*)((AAVTreeNode*)tree));};

AANode* nakeNode(char* string, char* path)

{
vt Node* node = new vt Node();
node = vt ReadTree(path);
return new AAVTreeNode(string, node);
}
AATNode* nmakeTNode(const char *nane)
{
return new AAVTr eeTNode( nane);
b

AAl CNode* makel GNode(
AANode *next = NULL,
AANode *child = NULL,
i nt Col or Type = AAPer None,

i nt NorniType = AAPer None,
int TexType = AAPer None,
int Vert Type = AAPer None,
unsi gned int NodeFl ags = 0,
int Material = O,

int Texture = 0,

BOOL Wreframe = FALSE,

int NunPrinbets = 0,

int *Prinflypes = NULL,

int *NunPrinmverts = NULL,
int *NunPrinms = NULL,

int NunCol ors = 0,

unsigned int *Colors = NULL,

const char *name = NULL,

i nt

i nt

i nt

NuniNor ns

=0,
float *Norns = NULL,

NuniTexs

=0,
float *Texs = NULL

Numverts = O,

float *Verts = NULL,

i nt NuntCol orl ndex = O,
int *Col orl ndex = NULL,
i nt NuniNor nl ndex = O,
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int *Norm ndex = NULL,
i nt NunmTexl ndex = 0,
int *Texl ndex = NULL,
int NunVertlndex = 0,
int *Vertlndex = NULL)
{return new AAVTr eel GNode( narme, NULL, NULL, Col or Type, NornType, TexType, Vert-
Type, NodeFl ags, Material, Texture, Wrefrane,
NunPri nmSets, Prinilypes, NunPri mVerts,
NunPrims, NunCol ors, Colors, NumNorns, Norns, NunTexs, Texs,
NunVerts, Verts, NunCol orl ndex, Col orln-
dex, NumNor ml ndex, Nornl ndex, NunTexl ndex, Texl ndex, NunVert | ndex,
Vertlndex);};

AAVect or* makeVect or ()
{return new AAVTreeVector();};

AAVect or* makeVector(float x, float y, float 2z)
{return new AAVTreeVector(x, vy, 2);};

AAGVAL ri x* makeGvatri x()
{return new AAVTreeGVatrix();};

AACol or* makeColor(float ir = 0.0f, float ig = 0.0f, float ib = 0.0f, float ia
= 1.0f)

{return new AAVTreeColor(ir, ig, ib, ia);};

AACol or* makeCol or ( AACol or *c)

{return new AAVTreeCol or(c);};

AACol or* makeCol or ( AAPackCol or *p)

{return new AAVTreeCol or (p);};

AAPackCol or* makePackCol or(const int ir = 0, const int ig =0, const int ib =
0, const int ia = 255)

{return new AAVTreePackCol or(ir, ig, ib, ia);};

AAPackCol or* makePackCol or (unsi gned int c)

{return new AAVTreePackCol or(c);};

AAMat eri al * makeMateri al (const char *nanme = NULL,
const float al pha = 1.0,
const AAVector *anbient = NULL,
const AAVector *diffuse = NULL,
const AAVector *specul ar = NULL,
const AAVector *em ssion = NULL,
const float shininess = 0.0)
{return new AAVTreeMateri al (name, al pha, anbient, diffuse, specul ar, enission,
shi ni ness); };

AA2DCeontEl enent * rmake2DGeonEl enent (AAGeonType2D t, const int nunVerts = O,
float *data = NULL)

{return new AAVTree2DCeontl ement (t, numVerts, data);};

AA2DGeonGaugeNode* nake2DCGeonmGaugeNode(const char *nanme = NULL, AANode *next =
NULL, AANode *child = NULL)

{return new AAVTr ee2DCeonzaugeNode( nane, next, child);};

/I AAGaugeNode* nakeGaugeNode(const char *name = NULL, AANode *next = NULL,
AANode *child = NULL, int neededChannels = 0)

[1{return new AAVTreeGaugeNode(nane, next, child, neededChannels);};

AAFxDebri s* makeFxDebri s(const char* nane)

{return new AAVTr eeFxDebri s(nane);};

AAFXM ssi | eTrai | * nmakeFxM ssil eTrai |l (const char *nane, AAVector *pos, float
dur, float size)

{return new AAVTreeFxM ssil eTrail (nane, pos, dur, size);};

AAFXExpl osi on* nakeFxExpl osi on(char* nane)

{return new AAVTr eeFxExpl osi on(nane);};
private:

I
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C.10 TheNew API (interface)

/1 AAColor.h : Defines the interface of the color class.
/1

#define __ AACol or __
cl ass AAPackCol or;
cl ass AACol or
public:

virtual void AASet(float ir, float ig, float ib, float ia = 1.0f)
virtual void AAFronPacked( AAPackCol or *pc) = 0;

virtual float AAr() = 0;
virtual float AAg() = O;
virtual float AAb() = O;
private:
}

cl ass AAPackCol or

public:
virtual void AASet(int ir, int ig, int ib, int ia
virtual void AASet(int c) = 0;
virtual int AAPacked() = O;
virtual int AAr () = 0;
virtual int AAg() = 0;
virtual int AAb() = O;
private:

H

255) = 0;
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/1 AAEntity.h : Defines the interface of the entity class.
/1
#define _ AAEntity_

#i f ndef __ AAFXExpl osi on__

#i ncl ude " AAFXExpl osi on. h"
#endi f

#i f ndef __ _AANode_

#i ncl ude " AANode. h"

#endi f

#i fndef __ _AAVector

#i ncl ude " AAVector. h"

#endi f

#i fndef _ AAGVatrix__

#i ncl ude "AAGWtTri x. h"
#endi f

#i fndef __ AAFxDebris__

#i ncl ude " AAFxDebris. h"
#endi f

#i fndef _ AAFXM ssileTrail
#i ncl ude "AAFXM ssileTrail.h"
#endi f

class AAENtity

{
public:
virtual void AASet Dept hCenter(const float, const float, const float) = O;
virtual void AASet Dept hSorted(const BOOL) = O;
virtual void AASet Mbdel ToWwr | d( AAGVatri x*) = 0;
virtual void AASet Pos(const float, const float, const float) = O;
virtual void AASet Pos(AAVector*) = O;
virtual void AASet PosYPR(AAVector*, const float, const float, const float) =
0;

virtual void AASet PosYPR(const float, const float, const float, const float,
const float, const float) =0

virtual void AASetRot(const float, const float, const float) = O;

virtual void AASet Tr ee( AANode* tree) = O;

virtual void AASetVisible(BOOL) = 0;

virtual void AAAddFx( AAFXExpl osi on*) = O;

virtual void AAAddFx( AAFxDebris*) = O;

virtual void AAAdAFx(AAFXM ssileTrail*) = 0;

private:

s
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/1 AAFx.h : Defines the interface of the fx(special effects)
/1
#define _ AAFX__

#i f ndef __ _AACol or __
#i ncl ude "AACol or. h"
#endi f

cl ass AAFX

{
public:
virtual void AAStart(float = -1.0f, float = -1.0f) = O;
virtual void AAStop(float) 0;
virtual void AASetDuration(float) = O;
virtual void AASet FadeDuration(float) = O;
virtual void AASet Col or (AACol or*) = 0O;
virtual BOOL AASet MoveW t hParent (const BOOL) = O;
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/1 AAFXChunk.h : Defines the interface of the fx chunk cl ass.
/1
#define _ AAFXChunk__

cl ass AAFXxChunk

{

public:
virtual AACol or* AACol or() = O;
virtual AACol or* AACol or(const int) = 0;
vi rtual AAFXxChunk* AADuplicate() = O;
virtual float AAG avity() const = O;
virtual double AAlLastTime() = O;
virtual AAVector* AAPos() = 0;
virtual AAVector* AARot() = O;
virtual AAVector* AARotRate() = O;
vi rtual BOCOL AARunni ng() const;
virtual void AASet Col or(const unsigned int) = 0;
virtual void AASet Col or(const int, const unsigned int) = O;
virtual void AASet Gravity(const float) = O;
virtual void AASetLastTi me(const double) = O;
virtual void AASet Pos(const AAVector*) = 0;
virtual void AASet Rot(const AAVector*) = 0;
virtual void AASet Rot Rat e(const AAVector*) = 0;
virtual void AASet Vel (const AAVector*) = 0;
virtual void AAStart() = O;
virtual void AAStop() = O;
virtual AAVector* AAVel () = 0;

private:

b
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/1 AAFxDebris.h :

11

Defines the interface of the fx debris class.

#define _ AAFxDebris__

#i f ndef __ AAFX_

#i ncl ude " AAFx. h"

#endi f

cl ass AAFxDebris :

{

public:
virtual
vi rtual
virtual
vi rtual
virtual
vi rtual
virtual
vi rtual

private:

I

public AAFX

fl oat AAChunkSi ze() = O;
i nt AANuntChunks() = O;

voi d
voi d
voi d
voi d
voi d
voi d

AAReset (const BOOL) = O;

AASet ChunkSi ze(const float) =0
AASet MaxVel (const AAVect or *)
AASet M nVel (const AAVector*) =
AASet NuntChunks(const int, const BOOL) = O;
AASet Vel (const AAVector*, const AAVector*) =

0;
0;
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/1 AAFxExpl osion.h : Defines the interface of the fx expl osion class.
/1
#define __ AAFXExpl osi on__

#i fndef _ AAFX__
#i ncl ude " AAFx. h"
#endi f

enum AAAni nifype {
AAOneShot Type = 1, // Play the sequence once, or until
// ...the duration is ended
AALoopType = 2, // Loop the sequence until the duration ends

3
cl ass AAFXExpl osion : public AAFX

{
public:
/1l Type net hods

virtual void AASet Type(const AAAni nifype type) = 0;

/1 Sets the aninmation type (OneShot Type, LoopType, etc.)
vi rtual AAAni nType AAType() const = O;

/1 Returns the aninmation type

/1 Direction nethods

virtual void AASetDirection(const int dir) = 0;
/1 Sets the animation direction (positive and zero neans forward,
/1 negative neans backwar ds)

virtual int AADirection() const = O;
/'l Returns the direction

/1 Hol dLast net hods

virtual void AASet Hol dLast (const BOOL hold) = 0;

/1 If "hold" is TRUE, the last frame of the animation will be kept
/1 visible (for non | ooping animations) until the effect duration
/'l is exceeded.

vi rtual BOCL AAHol dLast() const = O;

/1 Returns TRUE if the last animation frame will be held

/1 Franme duration nethods

virtual void AASet FranmeDuration(const float dur) = O;

/1 Sets the duration (in seconds) of each frame in the aninmation
virtual float AAFraneDuration() const = O;

/1 Returns the frane duration (in seconds) of every frame in

/1 the ani mation

virtual void AASetDurationAttributes(const BOOL durAttr) = 0O;
/1 If set to 'TRUE the attribute trables continue to be

/1 interpreted through the end of the effect. |If set to

/1 "FALSE' , the attributes stop at the end of the last frame
/1 which may not be at the end of the effect.

/] Default is 'FALSE .

virtual BOOL AADurati onAttributes(void) const = 0;

/1 Returns the current value of the mDurationAttributes fl ag.

/1 Loop net hods

virtual void AASetLoopStart(const int |I) = 0;

/1 Sets the loop starting frane nunmber (-1 to disabl e | ooping)
virtual int AALoopStart() const = O;

/1l Returns the loop starting frame nunber

virtual void AASet LoopEnd(const int |) = 0;

/1 Sets the | oop ending frame nunber (-1 to disable | ooping)
virtual int AALoopEnd() const = O;

/1 Returns the | oop ending frame nunber
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virtual void AASetLoop(const int s, const int e) = O;
/1l Sets the loop start and end frames (-1's to disabl e | ooping)

virtual BOOL AAHasLoop() = O0;
/1 Returns TRUE if there is an animation |oop

/| Tabl e net hods
virtual void AASetSize(float = 50.f, float = 50.f, float = 50.f) = O;
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/1 AAFXM ssileTrail.h : Defines the interface of the fx mssile trail class.
/1
#define _ AAFXM ssileTrail __

#i fndef _ AAFX__
#i ncl ude " AAFx. h"
#endi f

class AAFXM ssil eTrail : public AAFX

{
public:
virtual void AASet Addl nterval (const float d) = O;
virtual void AASet Rot Rate(const float dur) = O;
virtual void AASet ExpandTi ne(const float dur) = O;
virtual void AASet TexScal e(const float u, const float v) = O;
virtual void AASet Generate(const BOOL gen) = 0;
virtual BOOL AAStartTrail (const float t) = O;
virtual BOCOL AAStopTrail (const float t) = 0;
virtual BOOL AASet DurationTrail (const float dur) = O;
vi rtual BOCOL AASet FadeDurationTrail (const float dur) = O;
virtual BOOL AASet NodeDuration(const float dur) = O;
private:

I
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/1 AAGVAtrix.h : Defines the interface of the G matrix cl ass.
/1
#define _ AAGVatrix__

#i f ndef __ _AAVector __
#i ncl ude "AAVector. h"
#endi f

class AAGWALTI x

{

public:
virtual void AAArbRotation(float, float, float, float) = O;
virtual void AAArbRotation(float, AAVector*) = O;
virtual void AABaseRotateArb(float, float, float, float) = O;
virtual void AABaseRot ateArb(float, AAVector*) = 0;
virtual void AABaseRotateX(float) = O;

virtual void AABaseRot ateXYZ(float, float, float) = 0;
virtual void AABaseRot atexXzZY(fl oat, float, float) = O;
virtual void AABaseRotateY(float) = O;

virtual void AABaseRot ateYXZ(float, float, float) = O;
virtual void AABaseRot ateYzZX(float, float, float) = 0;
virtual void AABaseRotatez(float) = O;

virtual void AABaseRot atezXY(float, float, float) = 0;
virtual void AABaseRot atezYX(float, float, float) = O;

virtual void AABaseScal e(float, float, float) = O;

virtual void AABaseTransl ate(float, float, float) = 0;

virtual void AABaseTransl at e( AAVector*) = 0;

virtual void AAFronPosYPR(AAVector*, float, float, float) = 0;

virtual void AAFronPosYPR(float, float, float, float, float, float) = 0;
virtual void AARot ateArb(float, float, float, float) = O;

virtual void AARot at eArb(float, AAVector*) = 0;

virtual void AARotateX(float) = O;

virtual void AARot ateXYZ(float, float, float) = O;
virtual void AARot atexXzY(float, float, float) = O;
virtual void AARotateY(float) = O;

virtual void AARotateYXZ(float, float, float) = O;
virtual void AARot ateYzX(float, float, float) = O;
virtual void AARotateZ(float) = O;

virtual void AARot atezXY(float, float, float) = O;
virtual void AARot atezZYX(float, float, float) = O;

virtual void AAScal e(float, float, float) = O;
virtual void AASet (AAGMWAtri x*) = O;
virtual void AASub(AAGWAtrix*) = O;
virtual void AATransl at e( AAVector*) = 0;
virtual void AATransl ate(float, float, float) = O;
virtual void AATransl ati on( AAvVector*) = 0;
virtual void AATranslation(float, float, float) = O;
virtual void AATranspose() = O;

pr ot ect ed:

private:

I
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/1 AAl GNode.h : Defines the interface of the indexed geonetry node cl ass.
/1

#define __ AAl GNode_

#i f ndef __ AANode_

#i ncl ude " AANode. h"
#endi f

enum AABI ndi ng {
AAPer None, // none
AAPer Node, /1l one per node
AAPer Pri m /1 one per prim
AAPer Pol vy, /1 one per polygon
AAPer Vert}; /1 one per vertex

enum AAPri nmTypes {

AATri MeshPrim
AAQuadStri pPrim

~
~

Tri angl e nmesh
Quadrangle strip

-
-~

AANuUl | Prim = 0, [// undefined type
AAPoi nt Prim =1, [// Points
AALi nePrim = 2, [/l Unconnected |ine segnents
AATri Prim = 3, [// Unconnected triangles
AAQuadPrim = 4, /! Unconnected quadrangles
AAPol yPrim =5, // Unconnected N-sided
AALi neStripPrim= 6, // Line strip
AALi neLoopPrim =7, // Line |oop

=8

=9

=1

AATri FanPrim 0 // Triangle fan
b
cl ass AAl GNode : public AANode
{
public:
I virtual void AACopy(const AAlI GNode &, const BOOL copyBase = TRUE)

/1 Copy nethod

/1 Nunmber of primtives

virtual int AANunPrinSets() = O;
/1 number of primtive sets

virtual void AASet NunPri nSets(const int num = O;
/1 set nunmber of primtive sets

/1 Number of polygon vertices nethods

virtual int AANunPrinVerts(const int i) const = O;
/1 nunber of primtive verts

virtual void AASet NunPrimverts(const int i, int n) = 0;
/1 set number of primtive verts

/1l Primtive type nethods

virtual void AASet Primlypes(const int num int *printypes) = O;
/] Sets the prinmitive types using an array

virtual void AASetPrimlype(const int i, int n) = 0;

/1 Sets the type of primtive "i" to type "n"

virtual int AAPrimlype(const int i) const = O;

/1 Returns the type of prinmtive "i"

/1 NunPrinms methods

virtual void AASet NunPrins(const int i, int n) = 0;

/1 Sets the number of primitives in set "i" to "n"

virtual void AASet NunPrims(const int num int *nunPrims) = O;
/1 Sets the nunmber of primtives for each primtive set
virtual int AANunPrims(const int i) const = O;

/!l Returns the nunber of primtives in set "i"

/1 Col or Type Met hods

virtual void AASet Col or Type(const int t) = O;
/1 Sets node color binding type

virtual int AACol or Type() = 0;
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/1 Returns the node col or binding type

/1 Col ors met hods
virtual void AASet NunCol ors(const int nunm) = O;
/1 Sets the nunber of colors
virtual void AASet Col ors(const int num unsigned int *Colors) = O;
/1 Sets all colors using an array
virtual int AANuntCol ors() = 0;
/] Returns the nunber of colors
virtual unsigned int* AAColors() = O;
/1 Returns a pointer to the colors array, or NULL if no colors exist

virtual void AASetCol or(const int i, const int c) = 0;
/1 Sets color "i" to the given color (cpack version)
virtual unsigned int AACol or(const int i) = O;

/1 Returns color "i" in cpack fornat

/1 Col orl ndex met hods
virtual void AASet NunmCol or | ndi ces(const int num = O;
/1 Sets the nunber of color indices
virtual int AANunCol orlndi ces() const = O;
/] Returns the nunber of color indices
virtual void AASet Col orlndices(const int num int *index) = O;
/1 Sets all color indices using an array
virtual int* AACol orlndices() = O;
/1 Returns a pointer to the color indices, or NULL if no color indices exist
virtual void AASet Col orlndex(const int i, const int n) = O;
/1 Sets color index "i" to the given index
virtual int AACol orlndex(const int i) = O;
/1 Returns color index "i"

/1 Nor nType net hods

virtual void AASet NornmType(const int t) = O;
/1 Sets the node normal binding type
virtual int AANorniType() = O;

/1l Returns the node normal binding type

/1 Norms methods

virtual void AASet NumNor ns(const int num) = O;

/1 Sets the number of normals

virtual int AANumNorns() const = O;

/1 Returns the nunber of normals

virtual void AASet Norms(const int num float *norns) = O;
/1 Sets all normals using an array

virtual void AASet Norm(const int i, const AAVector *n) = O;
/1 Sets normal "i" to the given nornal

virtual float* AANorns() = O;

/1l Returns a pointer to the normals

virtual AAVector* AANorn{const int i) = O;

/1 Returns a reference to normal "i" (no range checking)

/1 Norm ndex methods

virtual void AASet NumNor m ndi ces(const int num = O;
/1l Sets the nunber of normindices

virtual int AANumNor m ndi ces() const = O;
/!l Returns the nunber of normindices

virtual void AASet Norm ndi ces(const int num int *index) = O;
/1 Sets all normal indices using an array

virtual int* AANorm ndices() = 0;
/1 Returns a pointer to the normindices

virtual void AASet Norm ndex(const int i, const int num = O;
/1 Sets normal index "i"

virtual int AANorm ndex(const int i) = O;
/1 Returns normal index "i"

/'l TexType Met hods

virtual void AASet TexType(const int t) = 0;
/1 Sets the node texture binding type
virtual int AATexType() const = O;
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/1 Returns the node texture binding type

/1l Texs net hods

virtual void AASet Nunifexs(const int num = O;

/1 Sets the nunber of texture coords

virtual int AANuniTexs() const = O;

/1 Returns the nunber of texture coords

virtual void AASet Texs(const int num float *Texs)
/1 Sets all texture coords using an array
virtual float* AATexs() = O;

/1 Returns a pointer to the texture coords
virtual void AASet Tex(const int i, const float *t)
/1 Sets texture coord "i" to the given coordinate
virtual float* AATex(int i) = O;

/1l Returns a pointer to texture coord "i"

n
e

[
L

/] Texl ndex mnethods

virtual void AASet Nunifexl ndi ces(const int nun) = 0;
/'l Sets the number of texture indices

virtual int AANuniTex! ndi ces() const = 0;
/] Returns the nunber of texture indices

virtual void AASet Texl ndi ces(const int num int *index) = O;
/1 Sets all texture indices using an array

virtual int* AATexlndices() = O;
/1 Returns a pointer to the texture indices

virtual void AASet Texl ndex(const int i, const int num = O;
/] Returns texture index "i"

virtual int AATexlndex(const int i) = 0;
/] Returns texture index "i"

/1 VertType net hods

virtual void AASet VertType(const int t) = 0;

/1 Sets the node vertex binding (should always be PerVert, really)
virtual int AAVertType() = O;

/1 Returns the node vertex binding

/1l Verts Met hods

virtual void AASet NumVerts(const int num) = O;

/'l Sets the number of vertices

virtual int AANunVerts() = O0;

/'l Returns the nunber of vertices

virtual void AASetVerts(const int num AAVector* verts) = 0;
/1 Sets all vertices using an array

virtual void AASetVert(const int i, AAVector* verts) = O;

/1 Sets vertex "i" to the given coordinate

virtual float* AAVert(int i) = 0;

/1l Returns a pointer to vertex "i"

/1 Vertlndex nethods
virtual void AASet NumVert| ndi ces(const int num = O;
/1 Sets the nunber of vertex indices
virtual int AANunVertl!ndices() = O;
/1 Returns the nunber of vertex indices
virtual void AASet Vertlndices(const int num int *index) = O;
/1 Sets all vertex indices using an array
virtual int* AAVertlndices() = 0;
/1 Returns a pointer to the vertex indices, or NULL if none exi st
virtual void AASetVertlndex(const int i, int nun) = O;
/!l Returns vertex index "i
virtual int AAVertlndex(const int i) = O;
// Returns vertex index "i

/1 Node flags nethods.

virtual void AASet NodeFl ags(const unsigned int flags) = 0;
/1 Sets the node flags

virtual void AAReset NodeFl ags(const unsigned int flags) = 0;
/1 Resets node flags (to zero)
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virtual void AAC ear NodeFl ags() = O;

/1 Cears all node flags
virtual unsigned int AANodeFl ags() = O;
/1 Returns the node flags

/1 Material index methods.
virtual void AASetMaterial (int m = O;
/1 Sets the node material for the current depiction |evel (index version)
virtual void AASet Material (const int depict, const int n) = 0;
/1 Sets the node material for depiction |evel "depict" (index version)
/1 virtual int AASetMaterial (AAMaterial *M = 0;
/1 Sets the node material for the current depiction |level (pointer version)
/1 virtual int AASetMaterial (const int depict, AAMaterial * = 0;
/1 Sets the node material index for depiction |level "depict" (pointer version)
/[lvirtual int AASetMaterial (const AAMvaterial &) = O;
/1 Sets the node material for the current depiction |level (reference version)
/lvirtual int AASetMaterial (const int depict, const AAvaterial &) = O;
/1 Sets the node material for depiction level "depict" (reference version)
virtual int AAMaterial () const = O;
/1 Returns the node material index for the current depiction |evel
virtual int AAMaterial (const int depict) const = 0;
/1l Returns the node material index for the given depiction |evel
virtual void AAAssignMaterial (const int n) = O;
/1 Assigns material index 'm to the node for the current depiction (wthout
setting the flags)
virtual void AAAssignMaterial (const int depict, const int n) = O;

/1 Assigns material index 'm to the node for the given depiction (wthout
setting the flags)

/1 Texture index methods.

virtual void AASet Texture(int t) = O;

/1 Sets the node texture for the current depiction level (index version)
virtual void AASet Texture(const int depict, const int t) = O;

/1 Sets the node texture for depiction |level "depict" (index version)

I virtual int AASet Texture(AATexture *T) = O;
/1l Sets the node texture for the current depiction | evel (pointer version)
I virtual int AASet Texture(const int depict, AATexture *T) = O;

/1 Sets the node texture index for depiction |level "depict" (pointer version)
/lvirtual int AASet Texture(const AATexture &T) = 0;

/1 Sets the node texture for the current depiction |evel (reference version)
[lvirtual int AASet Texture(const int depict, const AATexture &T) = O;

/1 Sets the node texture for depiction |level "depict" (reference version)
virtual int AATexture() = O;

/1l Returns the node texture index for the current depiction |evel
virtual int AATexture(const int depict) = 0;

/1 Returns the node texture index for the given depiction |evel
virtual void AAAssignTexture(const int t) = O;

/1 Assigns texture index "t" to the node for the current depiction (wthout

setting the flags)

virtual void AAAssignTexture(const int depict, const int t) = 0;

/1 Assigns texture index "t" to the node for the given depiction (w thout set-
ting the flags)

[l Wreframe met hods

virtual void AASet Wrefrane(const BOOL wf = TRUE) = O;
/1 Sets the node wirefranme flag

virtual BOOL AAWrefrane() = O;

/1 Returns the node wirefrane flag

/1 Culling vol une nethods.

virtual void AASetCull (const AAVector* center, const float radius = 0.5f) = 0;
/1l Sets the culling sphere center and radius

virtual void AASetCull (const float cx = 0.0f,const float cy = 0.0f, const float

cz = 0.0f,const float r = 0.5f) = 0;

/1 Sets the culling sphere center and radi us (conmponent version)

virtual AAVector* AACull Center() const = 0;
/1 Returns the culling sphere center

virtual float AACul | Radius() const = O;
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/1 Returns the culling sphere radius
virtual void AAFi ndCul | (AAVector* rm n=NULL, AAVector* rmax=NULL, AAGMVatri x*
mat =NULL, BOCL Updat eCul | =TRUE) = O;
/1 Reconputes the geonetry lints and, optionally, sets the culling sphere
par anet er s

/1 Transform net hod
virtual void AATransforn(const AAGWVatri x* mat) = 0;
/1 Transforns the geonetry using the given matrix. Normals are only rotated
and texture coordi nates
/] are unaffected
virtual void AATexTransforn(const AAGVatrix* mat) = O;
/1 Transforns the texture coordi nates using the given matrix.

/1 M scel | aneous net hods

I virtual void AACount Pol ys( AAPol yCount P p) = O;
/1 Compute statistics for the node by counting vertices, etc. for the geonetry
3
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/1 AAVaterial.h : Defines the interface of the material class.
/1

#define __ AAwvaterial __

enum { AAlndexBit = 0x00000001, // Dirty bits
AAAl phaBit = 0x00000002,
AAAbi entBit =  0x00000004,
AAD ffuseBit = 0x00000008,
AASpecul arBit = 0x00000010,
AAEm ssionBit = 0x00000020,

AAShi ni nessBit = 0x00000040,
AAI I Bits = 0x0000007f};

cl ass AAwat eri al

{

public:
/1 Define and Update operations
virtual void AADefine() 0;
vi rtual BOCL AAUpdate() 0;

/1 Copy.

/lvirtual void Copy(const AAMaterial & = O;
/1 Copies the material "M into this material

/1 1 ndex nethods

virtual void AASetl|ndex(const short index) = 0;
/1l Sets the material index

virtual short AAlndex() const = O;
/!l Returns the material index

/1 Al pha met hods

virtual void AASet Al pha(const float al pha) = 0;

/1 Sets the material al pha
virtual float AAAl pha() const = O;
/1 Returns the material al pha

/1 Anbi ent net hods

virtual void AASet Anbi ent(const float r, const float g, const float b) = 0;
/] Sets the material anbient color

virtual void AASet Anbi ent (const AAVector* v) = O;

/1 Sets the material anbient color (vtVector version)
virtual void AASet Anbi ent (const AACol or* c) = 0;

/1 Sets the material anbient color (vtColor version)
virtual void AAGet Anbi ent (AACol or* c) = O;

/1l Gets the material anbient color (vtColor version)
virtual const AAVector* AAAnmbient() const = 0;

/] Returns the naterial anbient color as a vector

/1 Diffuse nethods

virtual void AASetDi ffuse(const float r, const float g, const float b) = 0;
/1 Sets the material diffuse color

virtual void AASetDiffuse(const AAVector* v) = O;

/1 Sets the material diffuse color (vtVector version)

virtual void AASetDiffuse(const AAColor* c) = 0;

/1 Sets the material diffuse color (vtColor version)
virtual void AAGetDi ffuse(AAColor* c) = O;

/1l Gets the material diffuse color (vtColor version)
virtual const AAVector* AADiffuse() const = O;

/] Returns the nmaterial diffuse color as a vector

/1 Specul ar net hods
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virtual void AASet Specul ar(const float r, const float g, const
/1 Sets the material specular color

virtual void AASet Specul ar (const AAVector* v) = 0;

/1 Sets the material specular color (vtVector version)
virtual void AASet Specul ar (const AACol or* c¢) = O;

/1 Sets the material specular color (vtColor version)
virtual void AAGet Specul ar (AACol or* c) = 0;

/1l Gets the material specular color (vtColor version)
virtual const AAVector* AASpecul ar() const = 0;

/1 Returns the material specular color as a vector

// Em ssion nethods

virtual void AASet Eni ssion(const float r, const float g, const
/] Sets the material emission color

virtual void AASet Eni ssion(const AAVector* v) = 0;

/1 Sets the material em ssion color (vtVector version)
virtual void AASet Eni ssion(const AACol or* c) = O;

/1 Sets the material emnmission color (vtColor version)
virtual void AAGet Eni ssi on(AACol or* c) = 0;

/1l Gets the material emission color (vtColor version)
virtual const AAVector* AAEm ssion() const = 0;

/] Returns the nmaterial emission color as a vector

/1 Shini ness net hods

virtual void AASet Shininess(const float s) = 0;
/] Sets the material shininess
virtual float AAShininess() const = O;

/! Returns the material shininess

/1 Dirty bits nethods

virtual void AASetDirty(const unsigned int which) = 0;
/1 SetDirty

virtual void AAResetDirty(const unsigned int which)
/1l ResetDirty

virtual unsigned int AAlsDirty(const int which=AAAIIBits) = 0;
/1 IsDirty

virtual void AASetd ean() = 0;
/1 Setd ean

n
e

1 110

virtual BOOL Read(istream & n,unsigned int fileVer, BOOL isBi
/1 | nput

virtual BOOL Wite(ostream &out,BOOL isBinary = TRUE) = 0;
/1 CQutput

virtual ostream &unp(ostream &ut = cout) = 0;

virtual ostream &unp(ostream &out, char *title ) = 0;

/1 ASCI | dunp method

/1 Operators.

virtual friend ostream &operator<<(ostream &out, vtMteri al
/1 ASCI| dunp function

virtual friend ostream &operator<<(ostream &out, vtMteri al
/1 ASCI| dunp function (pointer version)

virtual vtMaterial &operator=(const vtMterial & = O;

/1 Assignment operator

virtual vtBool ean operator==(vtMaterial &) = 0;
/1 Equality operator
virtual vtBool ean operator!=(vtMaterial &) = 0;

/1 lInequality operator
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/1 AANode.h : Defines the interface of the node cl ass.
/1
#define __ AANode__

cl ass AANode
{
public:
virtual void AAAddChi | d( AANode*) = O;
virtual void AAAddNext ( AANode*) = O;
vi rtual BOOL AAChangeMaterial (int, int) = 0;
virtual BOOL AAChangeTexture(int, int) = 0;
vi rtual AANode* AAChild() = 0;
virtual BOOL AADel Chil d( AANode*) = O;
virtual BOCL AADel Children() = 0;
virtual BOOL AADel Next ( AANode*) = O;
vi rtual BOCL AADel Nexts() = O0;
virtual AANode* AANext() = O;
virtual int AANunmRefs() = O;
vi rtual AANode* AAReadTree(char*) = O;
virtual int AARef() = O;
virtual BOOL AARenoveChi | d( AANode*) = 0;
vi rtual AANode* AARempveChildren() = O;
virtual BOOL AARenpbveNext ( AANode*) = O;
vi rtual AANode* AARempbveNexts() = O;
virtual void AASet Chi | d(AANode*) = O;
virtual void AASet Nanme(char*) = O;
virtual void AASet Next (AANode*) =
virtual int AAUnref() = O;
private:

H

0;
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/1 AAScene.h : Defines the interface of the scene cl ass.
/1

#define __ AAScene__

#i fndef _ AAEntity__
#i ncl ude "AAEntity. h"
#endi f

cl ass AAScene

{

public:
virtual AAEntity* AAAddEntity(AAEntity*) = O;
virtual BOOL AARenoveEntity(char*) = 0;
vi rtual BOOL AARenoveEntity(AAEntity*) = 0;
virtual AAEntity* AALoad(char*) = 0;

private:

I
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/1 AATNode.h : Defines the interface of the transformati on node cl ass.
/1
#define __ AATNode_

#i f ndef __ _AANode_

#i ncl ude " AANode. h"
#endi f

#i f ndef __ _AAVector __
#i ncl ude "AAVector. h"
#endi f

#i fndef _ AAGVatrix__
#i ncl ude "AAGVAtri x. h"
#endi f

/1 Transformati on node fl ags.

const int AATN_NoOp = 0x00000001;
const int AATN TexMat = 0x00000002;
enum AAAXi s {

AAX = 0, Il X AAAXi s
AAY = 1, I'lY AAAXI s
AAZ = 2}; Il Z AAAXi s
enum AAFIl agsType {
AANoOpFl ag = 0x00000001, /] treat this node as the identity matrix
AATexMat Fl ag = 0x00000002 /1 operates on the texture matrix
b

cl ass AATNode : public AANode

public:
/1 Matrix methods

virtual void AASet Mat (const AAGvatrix* M = 0;
/1 Sets the matrix to "*M (pointer version)
virtual void AASetldentity(void) = O;

/1 Sets the matrix to the identity matrix
virtual AAGWAtrix* AAwat () = O;

/1 Returns the matrix

/1 Fl ags net hods

virtual void AASet Fl ags(const int flags) = O;

/1 Sets flags corresponding to bits of "flags"

virtual void AAReset Fl ags(const int flags) = O;

/'l Resets (to zero) flags corresponding to bits of "flags"”
virtual void AAC earFl ags() = 0;

/Il Clears (to zero) all flags

virtual int AAFlags() = 0;

/1l Returns the flags

/1 Member copy getting methods.

virtual AAGWAtrix* AAMat Copy() = O;
/1 Returns the copy matrix
virtual int AAFl agsCopy() = O;

/1l Returns the copy flags

/1 Transformation methods wt this node's coordinates.

virtual void AAScal e(const float sx, const float sy,const float sz) = O;
/1 Scales the matrix, anisotropically (conponent version)
virtual void AAScal e(const float s) = 0;
/1 Scales the matrix, isotropically
virtual void AAScal e(const AAVector* v) = 0;
/1 Scales the matrix, anisotropically
virtual void AARot ate(const AAAxis axis,const float rot) = 0;
/1 Rotates about "AAAxis" through angle "rot" (radi ans)
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virtual void AARot ate(const AAAxi s AAAXi s1, const float rAxisl, const AAAXi s AA-
Axi s2, const float rAxis2,
const AAAxi s AAAXi s3, const float rAxis3) = O;
/1 Rotates about the given axes, in the order specified, by the anpbunts speci -
fied (radi ans)

virtual void AARot ateX(const float ang) = 0;

/1 Rotates about "X' through the given angle (radians)
virtual void AARotateY(const float ang) = 0;

/1 Rotates about "Y" through the given angle (radi ans)
virtual void AARot ateZ(const float ang) = 0;

/1 Rotates about "Z" through the given angle (radi ans)
virtual void AARot at eXYZ(const float x,const float y,const float z) = 0;
/1 Rotates about "X', "Y', and "Z" through the given angles (radi ans)
virtual void AARot at ezXY(const float z,const float x,const float y) = 0;
/! Rotates about "Zz", "X', and "Y" through the given angles (radi ans)
virtual void AARot ateYZX(const float y,const float z,const float x) = 0;
/! Rotates about "Y', "Z", and "X" through the given angles (radi ans)
virtual void AARot at eXZY(const float x,const float z,const float y) = 0;
/! Rotates about "X', "Z", and "Y" through the given angles (radi ans)
virtual void AARot ateYXZ(const float y, const float x,const float z) = 0;
/! Rotates about "Y", "X', and "Z" through the given angles (radi ans)
virtual void AARot at eZYX(const float z,const float y,const float x) = 0;
/1 Rotates about "Z", "Y', and "X" through the given angles (radi ans)
virtual void AARot at eXYZ(const AAVector *v) = 0;

/1 Rotates about "X', "Y', and "Z" through the given angles (radi ans)
virtual void AARot at eZXY(const AAVector *v) = 0;

/1 Rotates about "Zz", "X', and "Y" through the given angles (radi ans)
virtual void AARot at eYZX(const AAVector *v) = 0;

/! Rotates about "Y', "Z", and "X" through the given angles (radi ans)
virtual void AARot at eXZY(const AAVector *v) = 0;

/! Rotates about "X', "Z", and "Y" through the given angles (radi ans)
virtual void AARot at eYXZ(const AAVector *v) = 0;

/1 Rotates about "Y", "X', and "Z" through the given angles (radi ans)
virtual void AARot at eZYX(const AAVector *v) = 0;

/1 Rotates about "z', "Y', and "X" through the given angles (radi ans)
virtual void AATransl ate(const float x,const float y,const float z) = 0;
/1 Translates by the given amounts (component version)

virtual void AATransl ate(const AAVector *t) = 0;

/1 Translates by the given amounts (vector version)

/1 Transformations nethods wt this node's coordinates with the matri x bei ng
Il cleared first.

virtual void AAXRotation(const float ang) = O;

/1 Rotates about "X' through the given angle (radians)

virtual void AAYRotation(const float ang) = O;

/1 Rotates about "Y" through the given angle (radians)

virtual void AAZRotation(const float ang) = O;

/1 Rotates about "Z" through the given angle (radians)

virtual void AAXYZRot ation(const float x,const float y,const float z) = O;
/1 Rotates about "X', "Y', and "Z" through the given angles (radi ans)
virtual void AAZXYRotation(const float z,const float x,const float y) = O;
/1 Rotates about "z', "X', and "Y" through the given angles (radi ans)

virtual void AAYZXRotation(const float y,const float z,const float x) = O;
/1 Rotates about "Y", "Z", and "X" through the given angles (radi ans)
virtual void AAXZYRotation(const float x,const float z,const float y) = O;
/1 Rotates about "X', "Z", and "Y" through the given angl es (radi ans)
virtual void AAYXZRot ation(const float y,const float x,const float z) = O;
/1 Rotates about "Y", "X', and "Z" through the given angles (radi ans)
virtual void AAZYXRotation(const float z,const float y,const float x) = O;

/1 Rotates about "Z", "Y', and "X" through the given angles (radi ans)
virtual void AAXYZRot ati on(const AAVector *v) = 0;

/1 Rotates about "X', "Y', and "Z" through the given angles (radi ans)
virtual void AAZXYRot ati on(const AAVector *v) = 0;

/1 Rotates about "Zz", "X', and "Y" through the given angles (radi ans)
virtual void AAYZXRot ati on(const AAVector *v) = 0;

/! Rotates about "Y', "Z", and "X" through the given angles (radi ans)
virtual void AAXZYRot ation(const AAVector *v) = 0;
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/1 Rotates about "X', "Z", and "Y" through the given angles (radi ans)
virtual void AAYXZRot ati on(const AAVector *v) = 0;

/1 Rotates about "Y", "X', and "Z" through the given angl es (radi ans)
virtual void AAZYXRotation(const AAVector *v) = O;

/1 Rotates about "z', "Y', and "X" through the given angles (radi ans)
virtual void AATransl ation(const float x,const float y,const float z) = O;
/1 Translates by the given amounts (component version)

virtual void AATransl ati on(const AAVector *t) = O;

/1 Translates by the given amounts (vector version)

/1l Transformation nmethods wt this node's base coordi nates.

virtual void AABaseScal e(const float sx,const float sy,const float sz) = 0;
/1 Base scale the matrix, anisotropically (conponent version)
virtual void AABaseScal e(const float s) = 0;
/1 Base scale the matrix, isotropically
virtual void AABaseScal e(const AAVector *v) = 0;
/1 Base scale the matrix, anisotropically
virtual void AABaseRot at e(const AAAxi s AAAXi s, const float rot) = O;
/1 Base Base rotate about "AAAxis" through angle "rot" (radians)

virtual void AABaseRot at e(const AAAXi s AAAXi s1, const float rAxisl, const AAAXi S
AAAXI S2,

const float rAxis2,const AAAXxi s AAAxi s3, const float rAxis3) = 0;

/1 Base rotate about the given axes, in the order specified, by the

/1 anounts specified (radians)
virtual void AABaseRot ateX(const float ang) = 0;

/] Base rotate about "X" through the given angle (radians)
virtual void AABaseRot ateY(const float ang) = O;

/] Base rotate about "Y' through the given angle (radians)
virtual void AABaseRot ateZ(const float ang) = 0;

/] Base rotate about "Z" through the given angle (radians)
virtual void AABaseRot at eXYZ(const float x,const float y,const float z) = 0;
/] Base rotate about "X', "Y', and "Z" through the given angles (radi ans)
virtual void AABaseRot at ezXY(const float z,const float x,const float y) = 0;
/! Base rotate about "Zz", "X', and "Y" through the given angles (radi ans)
virtual void AABaseRot ateYZX(const float y,const float z,const float x) = 0;
/! Base rotate about "Y', "Z", and "X" through the given angles (radi ans)
virtual void AABaseRot at eXZY(const float x,const float z,const float y) = 0;
/! Base rotate about "X', "Z", and "Y" through the given angles (radi ans)
virtual void AABaseRot ateYXZ(const float y,const float x,const float z) = 0;
/! Base rotate about "Y', "X', and "Z" through the given angles (radi ans)
virtual void AABaseRot ateZYX(const float z,const float y,const float x) = 0;
/1 Base rotate about "Z", "Y', and "X" through the given angles (radi ans)
virtual void AABaseRot at eXYZ(const AAVector *v) = O;

/1 Base rotate about "X', "Y', and "Z" through the given angles (radi ans)
virtual void AABaseRot at eZXY(const AAVector *v) = O;
/! Base rotate about "Zz", "X', and "Y" through the
virtual void AABaseRot at eYZX(const AAVector *v) = O;

gi ven angl es (radi ans)

/! Base rotate about "Y', "Z", and "X" through the given angles (radi ans)
virtual void AABaseRot at eXZY(const AAVector *v) = O;

/1 Base rotate about "X', "Z", and "Y" through the given angles (radi ans)
virtual void AABaseRot at eYXZ(const AAVector *v) = O;

/1 Base rotate about "Y', "X', and "Z" through the given angles (radi ans)
virtual void AABaseRot at eZYX(const AAVector *v) = O;

/! Base rotate about "Z", "Y', and "X" through the given angles (radi ans)

virtual void AABaseTransl ate(const float x,const float y,const float z) = 0;
/1 Base translate by the given anmpunts (conponent version)

virtual void AABaseTransl ate(const AAVector *t) = O;
/] Base translate by the given amounts (vector version)

/| Face net hods

virtual void AAFaceX(const AAVector *p) = 0;

/1 Conmputes the matrix such that the +Z AAAxis cones closest to facing
/1 the position "p" by rotating about the "X' AAAXis only

virtual void AAFaceY(const AAVector *p) = 0;

/1 Computes the matrix such that the +Z AAAxis cones closest to facing
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/1 the position "p" by rotating about the "Y' AAAXis only
virtual void AAFaceXY(const AAVector *p) = O;
/1 Computes the matrix such that the +Z AAAxis faces the position
/1 by rotating about the "X' and "Y' axes
pr ot ect ed:

I

p
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/1 AAVector.h : Defines the interface of the vector class.
/1
#define __ AAVector__

cl ass AAVect or

{
public:
virtual void AAAbs(void) = 0;
virtual void AAAbs(AAVector*) = O;
vi rtual AAVector* AACross(AAVector*, AAVector*) = O;
virtual float AAD st (AAVector*) = 0;
virtual float AAD st2(AAVector*) = O;
virtual float AAGetX() = O;
virtual float AAGetY() = O;
virtual float AAGetZ() = O;
virtual float AAlnnerProd(AAVector*) = O;
virtual float AAMax() = 0;
virtual float AAMagnitude() = O;
virtual float AAMagSq() = O;
virtual float AAM n() = 0;
virtual void AANegate() = O;
virtual void AANornalize() = O;
virtual void AANornualize(AAVector*) = 0;
virtual void AAScal e(float) = 0;
virtual void AAScal e(float, float, float) = O;
virtual void AASet(float, float, float) = O;
virtual void AASet (AAVector*) = O;
virtual void AASet X(const float) = O;
virtual void AASetY(const float) = O;
virtual void AASetZ(const float) = O;
virtual AAVector* operator+(AAVector*) = 0;
virtual AAVector* operator-(AAVector*) = 0;
virtual AAVector* operator*(AAVector*) = 0;
virtual AAVector* operator*(float) = O;
virtual AAVector* operator=(AAVector*) = 0;
vi rtual BOCL operator==(AAVector*) = O0;
virtual BOCL operator!=(AAVector*) = 0;
virtual float operator[](int) = O;
virtual const float operator[](int) const = O;
pr ot ect ed:
private:
b
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/1 AAVi ewport.h :
/1
#define __ _AAVi ewport

#i f ndef __AAScene__
#i ncl ude "AAScene. h"

#endi f

#i f ndef __ _AAVector __
#i ncl ude "AAVector. h"
#endi f

#i fndef _ AAGVatrix__
#i ncl ude "AAGVAtri x. h"
#endi f

Defines the interface of the viewport class.

static enum FOGVODE {LI NEAR, EXP, EXPSQR, TABLE};

static enum FLAGS { DRAWENABLE, CLEARPLANES, CLEARDEPTH
FLI PHORI ZONTAL} ;

NABLE

FLI PVERTI VAL,

/1 Basic enable constants

nt
nt
nt
nt
nt
nt
nt
nt
nt
nt
nt
nt

const i
const i
const i
const i
const i
const i
const i
const i
const i
const i
const i
const i
/1 Li
const
const
const
const
const
const
const
const

nt AA
nt

nt

cl ass

{

public:
vi rtual
vi rtual
vi rtual
virtual
vi rtual
virtual
vi rtual
virtual

virtual
vi rtual
virtual
vi rtual
virtual
virtual
vi rtual
1.0f) = 0;
vi rtual
virtual

vi rtual
float) = 0;

AA TEXTURE = 1;
AA_LI GHTING = 2;
AA_TRANSPARENCY
AA_CULL_SPHERES
AA _DEPTH_TEST = 5;
AA_BACKFACE_CULL
AA_OBJECT_CULL = 7;
AA_M PMAP_TEXTURES = 8;
AA_ANTI ALT AS = 9;
AA_SMOOTH_SHADE = 10;
AA_SUBFACE = 11;
AA_FOG = 12;

3;
4

,:6;

ght enabl e constants

LI GHTO 1000;
1001
1002
1003;
1004;
1005;
1006
1007

:

AAVI ewpor t

BOOL
voi d
voi d
voi d
voi d
voi d
voi d
voi d

AADi sabl e( const
AAEnabl e( const

AAFogDi sabl e()
AAFogEnabl e() =

voi d
voi d
voi d

AAScene* AAGet Scene()
voi d AASet Col or (const

voi d AASet Fl ags(const
voi d AASet Ort ho(const

voi d AASet Perspective(const float,

AAAl | ocSt enci | Bits(const
AAC ear Fl ags() =

int) =
int)
AAEnabl eSt enci | ()
:O’

0;
AAFogSet Col or (const fl oat,

AAFogSet Densi ty(const float) =
AAFogSet Li near Range(const fl oat,
AAFogSet Mode( FOGMODE) =
i nt AANunstenci | Bits()
voi d AAPrepar eFor Rende

CLEARSTENCI L, STENCI LE-

int) = 0;
0;

0,

:0,

const float, const float,
0;

const float) = O;
0;

:0;
r() =
:O’
float, const float, const float, const float a

0;

FLAGS f) = 0;
float xm n, const float xmax,
const float ymin,const float ynax,
const float znin,const float zmax) =
const float, const float,

0;
const
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virtual void AASet Scene( AAScene*) = 0;

virtual void AASet Vi ewLookAr oundAt (AAVector*, float, float, float, float) = O;

virtual void AASet Vi ewLookFronTo(const float, const float, const float, const
float,

const float, const float, const float ux = 0.0f, const float uy = 1.0f, const
float uz = 0.0f) = O;

virtual void AASet Vi ewLookOrbit (AAVector*, float, float, float) = O;

virtual void AASet Vi ewiat (AAGMVAEtri x*) = O;

virtual void AAReset Fl ags(const FLAGS f) = 0;

virtual void AASyncEnabl es() = 0;

private:

I
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/1 AAW ndow. h : Defines the
/1
#define __ AAW ndow__

#i fndef __ _AAVTreeVi ewport
#i ncl ude " AAVi ewport . h"
#endi f

stati c enum ENABLES { ANTI ALI AS,
LI GHTS,
JECTCULL, SMOOTHSHADE, SUBFACE,

LI GAT2, LI GAT3, LI GHT4,

cl ass AAW ndow

{

public:
vi rtual
virtual
vi rtual
vi rtual
vi rtual
virtual
vi rtual
virtual
vi rtual
virtual
vi rtual
virtual
vi rtual
virtual
vi rtual

private:

I

i nt AAHei ght ()
int AAWdt h()
int AAX() = O;
int AAY() = 0;

BOOL AAFrane()

AAVi ewport* AAAddVi ewport ( AAVi ewport *)
AAVi ewport* AAFi ndVi ewport (char*) = 0;
BOOL AAAl |l ocStencil Bits(const
fl oat AAAspect ()

voi d AADI sabl e( ENABLES)
voi d AAEnabl e( ENABLES) = O0;

interface of the w ndow cl ass.

BACKFACECULL, CULLSPHERES,
LI GAT6, LI GHT7, LI GHTNI NG
TEXTURE, TRANSPARENCY} ;

= 0;
int,
= 0;

= 0;

0;

= 0;

= 0;

fl oat AAFraneRate() = O;

BOCOL AAPrepar eFor Render () = O;
BOCL AARenoveVi ewport ( AAVi ewport *)
BOOL AARender ()

= 0;
= 0;
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C.11 TheAdapter Classes

/1 AAVTreeColor.h : Defines the adapter of the color class.
/1
#define __ _AAVTreeCol or __

#i f ndef __ _AACol or __
#i ncl ude "AACol or. h"
#endi f

#i ncl ude "vtcol or. h"

cl ass AAVTreePackCol or : public AAPackCol or
{

friend class AAVTreeCol or;

friend cl ass AAVTree2DCGeontl enent ;

friend class AAVTree2DGeonGaugeNode;

public:
AAVTr eePackCol or (const int ir = 0, const int ig =0, const int ib = 0, const
int ia = 255)

{
color.pr =ir;
color.pg = ig;
color.pb = ib;
color.pa = ia;
b

AAVTr eePackCol or (unsi gned int c){color.Set(c);};
virtual void AASet(int ir, int ig, int ib, int ia = 255){color.Set(ir, ig, ib,
ia);};
virtual void AASet(int c){color.Set(c);};
virtual int AAPacked(){return col or.Packed();};
virtual int AAr (){return color.r();};
virtual int AAg(){return color.g();};
virtual int AAb(){return color.b();};
virtual int AAa(){return color.a();};
pr ot ect ed:
struct vt PackCol or col or;
3

cl ass AAVTreeCol or : public AACol or
{

friend cl ass AAVTreePackCol or;
friend cl ass AAVTreeFxDebri s;
friend class AAVIreeFxM ssil eTrail ;
friend class AAVTreeMateri al ;
friend class AAVTreeFxExpl osi on;

public:
AAVTreeCol or(float ir = 0.0f, float ig = 0.0f, float ib = 0.0f, float ia =
1. 0f)

{
color.r =ir;
color.g = ig;
color.b = ib;
color.a = ia;
I
AAVTr eeCol or ( AACol or *c)
{
color.r = ((AAVTreeCol or*)c)->color.r;
color.g = ((AAVTreeCol or*)c)->col or. g;
color.b = ((AAVTreeCol or*)c)->col or. b;
color.a = ((AAVTreeCol or*)c)->col or. a;
I
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AAVTr eeCol or (AAPackCol or *pc){col or. FronPacked( ( (AAVTreePackCol or *) pc) -
>col or);};

void AASet (float ir, float ig, float ib, float ia = 1.0f){color.Set(ir, ig,
ib, ia);};

voi d AAFr omPacked( AAPackCol or *pc){col or. FronPacked( ( ( AAVTr eePackCol or *) pc) -
>color);};

float AAr(){return color.

float AAg(){return color.

float AAb(){return color.

float AAa(){return color.

Q oQ =
e o

pr ot ect ed:
struct vt Col or color;
I
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/1l AAVTreeEntity.h : Defines the entity class adapter.
/1
#define _ AAVTreeEntity_

#include "vtentity.h"

#i ncl ude "vt FxExpl osi onBits. h"
#i ncl ude "vt FxExpl osi on. h"

#i f ndef __AAVTreeFxExpl osi on__
#i ncl ude " AAVTr eeFxExpl osi on. h"
#endi f

#i fndef __ AAVTreeFxDebris__

#i ncl ude "AAVTreeFxDebris. h"
#endi f

#i fndef __AAVTreeFxM ssil eTrail __
#i ncl ude "AAVTreeFxM ssileTrail . h"
#endi f

#i fndef _ AAEntity__

#i ncl ude "AAEntity. h"

#endi f

#i fndef _ AAVTreeGWAtri x__

#i ncl ude "AAVTreeGMWatri x. h"
#endi f

#i fndef __ _AAVTreeVector

#i ncl ude " AAVTreeVector. h"
#endi f

#i fndef __ AAVector

#i ncl ude "AAVector. h"

#endi f

#i f ndef __ _AAVTreeNode__

#i ncl ude " AAVTreeNode. h"

#endi f

cl ass AAVTreeEntity : public AAEntity, private vtEntity

public:
AAVTreeEntity(char* string, vtNode* tree = NULL) : vtEntity(string, tree){};

voi d AASet Dept hCenter(const float x, const float y, const float 2z)
{thi s->SetDepthCenter(x, y, z);};

voi d AASet Dept hSorted(const BOOL b){this->Set Dept hSorted(b);};

voi d AASet Mbdel ToWor | d( AAGVatri x *m {t hi s-
>Set Model ToWor I d( ((AAVTreeGVatri x*)m->matrix);};

voi d AASet Pos(const float x, const float y, const float z){this->SetPos(x, v,
z);};

voi d AASet Pos(AAVect or* v){thi s->Set Pos(((AAVTreeVector*)v)->vector);};

voi d AASet PosYPR(AAVector* v, const float yaw, const float pitch, const float
roll)

{t hi s- >Set PosYPR( ( (AAVTr eeVector*)v)->vector, yaw, pitch, roll);};

voi d AASet PosYPR(const float x, const float y, const float z, const float yaw,
const float pitch, const float roll)

{this->Set PosYPR(x, y, z, yaw, pitch, roll);};

voi d AASet Rot (const float x, const float y, const float z){this->SetRot(x, v,
z):};

voi d AASet Tr ee( AANode* tree){thi s->Set Tree( (vt Node*) (( AAVTreeNode*)tree));};

voi d AASet Vi si bl e(BOOL v){this->SetVisible(v);};
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voi d AAAddFx( AAFXExpl osi on* fx){this-
>AddFx( (vt FXExpl osi on*) ( ( AAVTr eeFxExpl osion*)fx)); };
voi d AAAddFx( AAFxDebris* fx){this-
>AddFx( (vt FXExpl osi onBi t s*) (( AAVTreeFxDebris*)fx));};
voi d AAADDFx( AAFXM ssil eTrail* fx){this-
>SAdAFX( (vt FxM ssil eTrai | *) (( AAVTreeFxM ssil eTrail *)fx)); };

private:

I
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/1 AAVTreeFxChunk. h : Defines the adapter of the fx chunk class
/1

#define __ AAVTreeFxChunk__

#i f ndef __ AAFXChunk__

#i ncl ude " AAFxChunk. h"

#endi f

#i ncl ude "vtfxexpl osi onchunk. h"

cl ass AAVTreeFxChunk : public AAFxChunk, private vtFxExpl osi onChunks
{

public:

AAVTr eeFxChunk( const AAVector* m nPos = Def M nPos, const AAVector* maxPos =
Def MaxPos,

const AAVector* minVel = DefMnVel , const AAVector* maxVel
= Def Max Vel ,

const float gravity = DefGravity , const unsigned int color
= Def Col or,

const int maxSi des = Def MaxSi des , const AAVector* m nSize
= Def M nSi ze,

const AAVector* maxSi ze = Def MaxSi ze , const AAVector* mni n-
Rate = Def M nRat e,
const AAVector* naxRate = Def MaxRate) {};
AACol or* AACol or () {};
AACol or* AACol or (const int depict) {};
AAFXChunk* AADuplicate() {};
float AAG avity() const {};
doubl e AALastTinme() {};
AAVect or* AAPos() {};
AAVector* AARot () {};
AAVector* AARotRate() {};
BOCOL AARunni ng() const {};
voi d AASet Col or (const unsigned int c) {};
voi d AASet Col or (const int depict, const unsigned int ¢c) {};
voi d AASet Gavity(const float g) {};
voi d AASet Last Ti me(const double t) {};
voi d AASet Pos(const AAVector* pos) {};
voi d AASet Rot (const AAVector* rot) {};
voi d AASet Rot Rat e(const AAVector* rate) {};
voi d AASet Vel (const AAVector* vel) {};
void AAStart() {};
voi d AAStop() {};
AAVect or* AAVel () {};

private:

I
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/'l AAVTreeFxDebris.h : Defines the adapter of the fx debris class
I

#define __ AAVTreeFxDebris__
#i fndef __ AAFxDebris__

#i ncl ude " AAFxDebri s. h"
#endi f

#i ncl ude "vtfxexpl osi onbits. h"
#i f ndef __AAVector __

#i ncl ude " AAVector.h"

#endi f

#i f ndef __AAVTreeVector

#i ncl ude "AAVTreeVector. h"
#endi f

#i f ndef __ _AAVTreeCol or __

#i ncl ude " AAVTreeCol or. h"
#endi f

cl ass AAVTreeFxDebris : public AAFxDebris, private vtFxExplosionBits
{
public:
AAVTr eeFxDebri s(const char* name) : vt FxExpl osi onBits(nane){};
/1 BOOL AAAddChunk( AAFxChunk* chunk) {return this->AddChunk(chunk);};
[ | AAFXChunk* AAChunk(const int index) {};
float AAChunkSi ze() {return this->ChunkSize();};
/1 AAVect or* AAMaxVel () {};
/1 AAVect or* AAM nVel () {};
i nt AANunChunks(){return this->NunChunks();};
/1 BOOL AARenoveChunk( AAFxChunk* chunk, const BOOL del = TRUE) {};
voi d AAReset (const BOCOL redoChunks = FALSE) {this->Reset(redoChunks);};
voi d AASet ChunkSi ze(const fl oat chunkSize) {this->Set ChunkSi ze(chunkSi ze);};
voi d AASet MaxVel (const AAVector* nmaxVel) {this-
>Set MaxVel (( ( AAVTr eeVect or *) maxVel ) - >vector); };
voi d AASet M nVel (const AAVector* m nVel) {this-
>Set M nVel (( ( AAVTreeVect or*) m nVel ) - >vector); };
voi d AASet NunChunks(const int num const BOOL del = TRUE) {this-
>Set NunChunks(num del);};
voi d AASet Vel (const AAVector* m nVel, const AAVector* naxVel) {this-
>Set Vel (( (AAVTreeVector*) mi nVel ) ->vector, ((AAVTreeVector*)maxVel)->vector);};
/***********************AAFX '\/ET'_KDS**********************/
void AAStart(float start, float stop){this->Start(start, stop);};
voi d AAStop(float stop){this->Stop(stop);};
voi d AASet Duration(float dur){this->SetDuration(dur);};
voi d AASet FadeDur ati on(fl oat fdur){this->SetFadeDuration(fdur);};
voi d AASet Col or (AACol or* c){t hi s->Set Col or (( (AAVTreeCol or*)c)->color);};
BOCL AASet MoveW t hParent (const BOOL f){return this->Set MoveWthParent (f);};
private:

H
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/1 AAVTreeFxExpl osion.h : Defines the adapter of the fx explosion class.
/1
#define __ AAVTreeFxExpl osi on__

#i f ndef __ AAFXExpl osi on__
#i ncl ude " AAFXExpl osi on. h"
#endi f

#i fndef __ _AAVTreeCol or __
#i ncl ude " AAVTreeCol or. h"
#endi f

#i ncl ude "vtfxexpl osi on. h"
cl ass AAVTreeFxExpl osi on : public AAFXExpl osion, private vt FxExpl osion

public:
/! Constructors

AAVTr eeFxExpl osi on(const char *nane) : vt FxExpl osi on(nane) {};
/'l Constructor

/1 Type net hods

voi d AASet Type(const AAAni nifype type){thi s->Set Type((Ani nifype)type);};
/1 Sets the animation type (OneShot Type, LoopType, etc.)

AAANi nirype AAType() const{return (AAAni nType)this->Type();};
/1 Returns the aninmation type

/! Direction nethods

voi d AASetDirection(const int dir){this->SetDirection(dir);};

/1 Sets the animation direction (positive and zero neans forward,
/1 negative neans backwar ds)

int AADirection() const{return this->Direction();};

/1 Returns the direction

/! Hol dLast net hods

voi d AASet Hol dLast (const BOOL hol d) {t hi s->Set Hol dLast (hol d);};

/1 If "hold" is TRUE, the last frame of the animation will be kept
/1 visible (for non | ooping animations) until the effect duration
/1 is exceeded.

BOCL AAHol dLast () const {return this->Hol dLast();};

/1 Returns TRUE if the last animation frame will be held

/! Franme duration nethods

voi d AASet FraneDurati on(const float dur){this->SetFraneDuration(dur);};
/1 Sets the duration (in seconds) of each frame in the aninmation
float AAFraneDuration() const{return this->FranmeDuration();};

/1 Returns the frane duration (in seconds) of every frame in

/1 the ani mation

voi d AASet DurationAttributes(const BOOL durAttr){this-
>Set DurationAttributes(durAttr);};
/1 1f set to 'TRUE' the attribute trables continue to be
/1 interpreted through the end of the effect. |If set to
/1 "FALSE' , the attributes stop at the end of the last frame
/1 which may not be at the end of the effect.
/] Default is 'FALSE .
BOOL AADurati onAttributes(void) const{return this->DurationAttributes();};
/1l Returns the current value of the mDurationAttributes fl ag.

/1 Loop net hods

voi d AASet LoopStart(const int |){this->SetLoopStart(l);};
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/1 Sets the loop starting frane nunmber (-1 to disabl e | ooping)
int AALoopStart() const{return this->LoopStart();};

/1l Returns the loop starting frame nunber
voi d AASet LoopEnd(const int |){this->SetLoopEnd(l);};

/1 Sets the | oop ending frame nunber (-1 to disable | ooping)

i nt AALoopENnd() const{return this->LoopEnd();};

/1 Returns the | oop ending frame nunber
voi d AASet Loop(const int s, const int e){this->SetLoop(s, €);};
/1 Sets the loop start and end frames (-1's to disabl e | ooping)
BOCOL AAHasLoop(){return this->HasLoop();};

/1 Returns TRUE if there is an animation | oop

voi d AASet Si ze(float x, float y, float z){this->SetSize(x, y, 2);};

/***********************AAFX '\/ET'_KDS**********************/

void AAStart(float start, float stop){this->Start(start, stop);};

voi d AAStop(float stop){this->Stop(stop);};

voi d AASet Duration(float dur){this->SetDuration(dur);};

voi d AASet FadeDur ation(fl oat fdur){this->SetFadeDuration(fdur);};

voi d AASet Col or (AACol or* c){t hi s->Set Col or (( (AAVTreeCol or*)c)->color);};
BOCL AASet MoveW t hParent (const BOOL f){return this->Set MoveWthParent (f);};
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/'l AAVTreeFxM ssileTrail.h : Defines the adapter of the fx missile trail class.
/1

#define __ AAVTreeFxM ssileTrail __

#i fndef _ AAFXM ssileTrail __

#i ncl ude "AAFXM ssileTrail.h"

#endi f

#include "vtFxM ssileTrail.h"

#i f ndef __AAVector __

#i ncl ude " AAVector. h"
#endi f

#i f ndef __AAVTreeVector
#i ncl ude " AAVTreeVector. h"
#endi f

#i f ndef __ _AAVTreeCol or __
#i ncl ude " AAVTreeCol or. h"
#endi f

cl ass AAVTreeFxM ssileTrail : public AAFXM ssileTrail, private vtFxM ssileTrai
{
public:
AAVTreeFxM ssil eTrai |l (const char *nane, AAVector *pos, float dur, float size)
vt FXM ssi | eTrai | (name, ((AAVTreeVector*)pos)->vector, dur, size){};
voi d AASet Addl nterval (const float d){};
voi d AASet Rot Rat e(const float dur){};
voi d AASet ExpandTi ne(const float dur){};
voi d AASet TexScal e(const float u, const float v){};
voi d AASet Gener at e(const BOOL gen){};
BOCOL AAStartTrail (const float t){return this->Start(t);};
BOOL AAStopTrail (const float t){return this->Stop(t);};
BOCL AASet DurationTrail (const float dur){return this->SetDuration(dur);};
BOOL AASet FadeDur ationTrail (const float dur){return this-
>Set FadeDur ati on(dur);};
BOCL AASet NodeDur ati on(const float dur){return this->SetNodeDuration(dur);};

/***********************AAFX '\/ET'_KDS**********************/

void AAStart(float start, float stop){this->Start(start);};

voi d AAStop(float stop){this->Stop(stop);};

voi d AASet Duration(float dur){this->SetDuration(dur);};

voi d AASet FadeDur ation(fl oat fdur){this->SetFadeDuration(fdur);};

voi d AASet Col or (AACol or* c){t hi s->Set Col or (( (AAVTreeCol or*)c)->color);};

BOCL AASet MoveW t hParent (const BOOL f){return this->Set MoveWthParent (f);};
private:

H
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/1 AAVTreeGwvatrix.h : Defines the adapter of the G matrix cl ass.
/1

#define _ AAVTreeGWaAtri x__

#i ncl ude "vtGwvatrix. h"

#i fndef _ AAGVatrix__

#i ncl ude "AAGVAtri x. h"
#endi f

#i f ndef __ _AAVector

#i ncl ude " AAVector. h"
#endi f

#i f ndef __AAVTreeVector
#i ncl ude " AAVTreeVector. h"
#endi f

cl ass AAVTreeGvatrix : public AAGWAtri X
{

friend class AAVTreeVi ewport;

friend class AAVTreeEntity;

friend cl ass AAVTree2DCGeontl enent ;

friend class AAVTree2DGeonGaugeNode;

friend cl ass AAVTreeTNode;

friend class AAVTreel GNode;
public:

AAVTreeGwatri x(){matrix = vtddent;};

voi d AAArbRotation(float ang, float x, float y, float z){vtArbRotation(matrix,
ang, X, Yy, z);};

voi d AAArbRot ation(fl oat ang, AAVector* axis){vtArbRotation(matrix, ang,
((AAVTreeVect or *) axi s) - >vector); };

voi d AABaseRot at eArb(fl oat ang, float x, float y, float
z){vtBaseRotateArb(matrix, ang, X, Yy, 2);};

voi d AABaseRot at eArb(fl oat ang, AAVector* axis){vtBaseRotateArb(matrix, ang,
((AAVTreeVect or *) axi s) - >vector); };

voi d AABaseRot at eX(fl oat ang){vtBaseRotateX(matrix, ang);};

voi d AABaseRot at eXYZ(float x, float y, float z){vtBaseRotateXYZ(matrix, x, VY,

voi d AABaseRot at eXzY(float x, float y, float z){vtBaseRotateXZY(matrix, x, VY,

voi d AABaseRot ateY(fl oat ang){vtBaseRotateY(matrix, ang);};
voi d AABaseRot ateYXZ(float x, float y, float z){vtBaseRotateYXZ(matrix, Xx, VY,

voi d AABaseRot ateYZX(float x, float y, float z){vtBaseRotateYZX(matrix, Xx, VY,

voi d AABaseRot at eZ(fl oat ang){vtBaseRotateZ(nmatrix, ang);};
voi d AABaseRot at ezXY(float x, float y, float z){vtBaseRotatezXY(matrix, x, VY,

voi d AABaseRot at ezYX(float x, float y, float z){vtBaseRotatezZYX(matrix, x, VY,

voi d AABaseScal e(fl oat sx, float sy, float sz){vtBaseScal e(matrix, sx, sy,
sz); };

voi d AABaseTransl at e( AAVector* v){vtBaseTransl ate(matrix, ((AAVTreeVector*)v)
>vector);};

voi d AABaseTransl ate(float x, float y, float z){vtBaseTranslate(matrix, x, VY,
z);};

voi d AAFromPosYPR( AAVect or* fromPos, float yaw, float pitch, float
rol I){vtFronPosYPR(matrix, ((AAVTreeVector*)fronPos)->vector, yaw, pitch, roll);};

voi d AAFronmPosYPR(fl oat fx, float fy, float fz, float yaw, float pitch, float
rolI){vtFronmPosYPR(matrix, fx, fy, fz, yaw, pitch, roll);};

voi d AARot at eArb(fl oat ang, float ax, float ay, float az){vtRotateArb(matrix,
ang, ax, ay, az);};

voi d AARot at eArb(fl oat ang, AAVector* axis){vtRotateArb(matrix, ang,
((AAVTreeVect or *) axi s) - >vector); };

voi d AARotateX(fl oat ang){vtRotateX(matrix, ang);};

voi d AARot at eXYZ(float x, float y, float z){vtRotateXYZ(matrix, x, Yy, z);

voi d AARot at eXZY(float x, float y, float z){vtRotateXzZY(matrix, X, y, z);

voi d AARotateY(fl oat ang){vtRotateY(matrix, ang);};

voi d AARotateYXZ(float x, float y, float z){vtRotateYXZ(matrix, X, y, z);};

voi d AARot ateYzZX(float x, float y, float z){vtRotateYZX(matrix, X, y, z);};
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voi d AARot ateZ(fl oat ang){vtRotateZ(matrix, ang);};
voi d AARot at eZXY(float x, float y, float z){vtRotateZXY(matrix, X, Yy, z);};
voi d AARot ateZYX(float x, float y, float z){vtRotateZYX(matrix, X, Yy, z);};
voi d AAScal e(float sx, float sy, float sz){vtScal e(matrix, sx, sy, sz);};
voi d AASet (AAGVaEtrix* m{vtSet(matrix, ((AAVTreeGvatrix*)m->matrix);};
voi d AASub(AAGMVaEtri x* m){vtSub(matrix, ((AAVTreeGVatrix*)m->matrix);};
voi d AATransl ate(AAVector* v){vtTranslate(matrix, ((AAVTreeVector*)v)-
>vector);};
voi d AATransl ate(float x, float y, float z){vtTranslate(matrix, x, y, z);};
voi d AATransl ati on(AAVector* v){vtTranslation(matrix, ((AAVTreeVector*)v)-
>vector);};
voi d AATransl ation(float x, float y, float z){vtTranslation(matrix, x, VY,
z):};
voi d AATranspose(){vt Transpose(matrix);};
pr ot ect ed:
vt Gvat ri x* AAGet Matrix(){return new vtGvatrix(matrix);};
vtGvatrix matrix;
private:

I
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/1 AAVTreel GNode. h : Defines the adapter of the indexed geonetry node

/1
#define __ AAVTreel GNode___

#i f ndef __ AAl GNode_
#i ncl ude " AAl GNode. h"
#endi f

#i ncl ude "vtl GNode. h"

cl ass AAVTreel GNode : public AAl GNode,

{

public:
/] Constructors

AAVTr eel GNode( const char *nane

vt Node *next = NULL,
vt Node *child = NULL,
i nt Col or Type =

unsi gned int NodeFl ags
int Material = 0,

int Texture = 0,

BOOL Wrefrane = FALSE,
int NunPrinSets = 0,
int *Prinflypes = NULL,

int *NunPrinVerts = NULL,

int *NunPrins = NULL,
int NunCol ors = O,
unsigned int *Colors =
int NunNorns = O,
float *Norns = NULL,
i nt Nuniexs 0,
fl oat *Texs NULL,
int NunVerts = 0,
float *Verts = NULL,
i nt NunCol orl ndex = 0,
nt *Col orl ndex = NULL,
nt NunmNor ml ndex = 0,
nt *Norm ndex = NULL,
nt NuniTexl ndex = 0,
nt *Texl ndex = NULL,
nt NunVertlndex = 0,
nt *Vertlndex = NULL):
vt | GNode(

nane,

next,

child,

Col or Type,

Nor mType,

TexType,

Vert Type,

NodeFl ags,

Mat eri al

Text ure,

Wreframe,

NunPri nSet s,

Pri nTypes,

NunPri nVerts,

NunPri ns,

Nuntol or s,

Col ors,

NumNor ns,

Nor s,

Numrexs,

Texs,

Numvert s,

AAPer None,
i nt NorniType = AAPer None,
int TexType = AAPer None,

int Vert Type = AAPer None,

private vtl GNode

NULL,
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Verts,

NuntCol or | ndex,
Col or | ndex,
NuniNor m ndex,
Nor ml ndex,
Nunirex| ndex,
Texl| ndex,
NunVer t | ndex,
Vertlndex){};

/1 Nunber of primtives

int AANunPrinmtets(){return this->NunPrintets();};

/1 nunber of primtive sets

voi d AASet NunPri nSet s(const int num{this->Set NunPrinSets(num;};
/1 set nunber of primtive sets

/1 Nunmber of polygon vertices nethods

int AANunPrimverts(const int i) const{return this->NunPrinVerts(i);};

/1 nunber of primtive verts

voi d AASet NunPrinVerts(const int i, int n){this->SetNunPrinVerts(i, n);};
/1 set nunber of primtive verts

/1l Primtive type nethods

voi d AASet PrinTypes(const int num int *printypes){this->SetPrinflypes(num
printypes);};

/1 Sets the prinitive types using an array

voi d AASet Pri nifype(const int i, int n){this->SetPrinType(i, n);};

/] Sets the type of primtive "i" to type "n"

int AAPrimlype(const int i) const{return this->PrinType(i);};

/1 Returns the type of prinmtive "i"

/1 NunPrinms methods

voi d AASet NunPrins(const int i, int n){this->SetNunPrins(i, n);};

/1 Sets the number of primitives in set "i" to "n"

voi d AASet NunPri nms(const int num int *nunPrins){this->Set NunPrins(num num
Prins);};

/1 Sets the number of primtives for each primtive set

int AANunPrins(const int i) const{return this->NunPrins(i);};

/1l Returns the nunber of primtives in set "i"

/1 Col or Type Met hods
voi d AASet Col or Type(const int t){this->SetCol orType(t);};
/1 Sets node color binding type
i nt AACol or Type(){return this->Col orType();};
/1l Returns the node col or binding type

/1 Col ors met hods

voi d AASet NuntCol ors(const int num{this->Set NunCol ors(nun;};

/1 Sets the nunber of colors

voi d AASet Col ors(const int num unsigned int *Colors){this->SetCol ors(num

Col ors); };

/1 Sets all colors using an array

int AANuntCol ors(){return this->NunColors();};

/] Returns the nunber of colors

unsi gned int* AACol ors(){return this->Colors();};

/1 Returns a pointer to the colors array, or NULL if no colors exist
voi d AASet Col or(const int i, const int c){this->SetColor(i, c);};

/1 Sets color "i" to the given color (cpack version)

unsi gned int AACol or(const int i){return this->Color(i);};

/1 Returns color "i" in cpack fornmat

/1 Col orl ndex nethods
voi d AASet Nuntol or I ndi ces(const int num{this->Set NunCol orl| ndi ces(num;};
/1l Sets the nunber of col or indices
i nt AANuntCol or I ndi ces() const{return this->NunCol orl ndices();};
/1l Returns the nunber of color indices

voi d AASet Col orI ndi ces(const int num int *index){this->SetCol orlndi ces(num
i ndex);};
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/1 Sets all color indices using an array

int* AACol orl ndices(){return this->Colorlndices();};

/1l Returns a pointer to the color indices, or NULL if no color indices exist
voi d AASet Col orl ndex(const int i, const int n){this->SetColorlndex(i, n);};
/1 Sets color index "i" to the given index

i nt AACol orl ndex(const int i){return this->Colorlndex(i);};

/1l Returns color index "i"

/1 Nor niType net hods

voi d AASet Nor niType(const int t){this->SetNornmlype(t);};
/1 Sets the node normal binding type

int AANor nifype(){return this->Norniype();};

/1 Returns the node normal binding type

/1 Norms met hods

voi d AASet NumNor ns(const int nun){this->Set NunNorms(nun; };

/1 Sets the nunmber of normals

int AANumNor ms() const{return this->NumNorns();};

/1 Returns the nunmber of normals

voi d AASet Norms(const int num float *norms){this->SetNornms(num normns);};

/1 Sets all nornmals using an array

voi d AASet Norm(const int i, const AAVector *n){this->SetNorm(i, (vtVec-
tor) ((AAVTreeVector*)n)->vector);};

/1 Sets normal "i" to the given nornal

float* AANorns(){return this->Norns();};

/1 Returns a pointer to the normals

AAVect or* AANorn{const int i)

AAVTreeVector* v = new AAVTreeVector();
v->vector = this->Norn(i);
return v;

s

/1 Returns a reference to normal "i" (no range checking)

/1 Nor m ndex mnet hods

voi d AASet NunNor ml ndi ces(const int num{this->Set NunNor m ndi ces(nunj;};

/1 Sets the number of normindices

i nt AANunmNor m ndi ces() const{return this->NunNorn ndi ces();};

/1 Returns the nunber of normi ndices

voi d AASet Nor ml ndi ces(const int num int *index){this->Set Norm ndi ces(num in-

dex);};

/1 Sets all nornmal indices using an array

int* AANorm ndices(){return this->Norm ndices();};

/! Returns a pointer to the normindices

voi d AASet Nor ml ndex(const int i, const int num{this->SetNorm ndex(i, nun);};
/1 Sets normal index "i"

i nt AANorm ndex(const int i){return this->Norm ndex(i);};

/1 Returns normal index "i"

/1 TexType Met hods

voi d AASet TexType(const int t){this->Set TexType(t);};
/1 Sets the node texture binding type

i nt AATexType() const{return this->TexType();};

/1 Returns the node texture binding type

/'l Texs methods

voi d AASet Nunifexs(const int num{this->Set NunTexs(num;};

/1 Sets the nunber of texture coords

i nt AANuniTexs() const{return this->Nunmlexs();};

/1 Returns the nunber of texture coords

voi d AASet Texs(const int num float *Texs){this->Set Texs(num Texs);};
/1 Sets all texture coords using an array

float* AATexs(){return this->Texs();};

/1 Returns a pointer to the texture coords

voi d AASet Tex(const int i, const float *t){this->SetTex(i, t);};
/1 Sets texture coord "i" to the given coordinate

float* AATex(int i){return this->Tex(i);};

/1l Returns a pointer to texture coord "i"
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/1 Texlndex methods

voi d AASet Nunifex| ndi ces(const int num {this->Set NuniTex| ndi ces(num;};

/1 Sets the nunmber of texture indices

i nt AANuniTex| ndi ces() const{return this->NunTexl ndices();};

/1 Returns the nunmber of texture indices

voi d AASet Texl ndi ces(const int num int *index){this->SetTexlndi ces(hum in-
dex);};

/1 Sets all texture indices using an array

int* AATexl ndices(){return this->Texlndices();};

/1 Returns a pointer to the texture indices

voi d AASet Texl ndex(const int i, const int num{this->SetTexlndex(i, num;};

// Returns texture index "i"

i nt AATexl ndex(const int i){return this->Texlndex(i);};

/'l Returns texture index "i"

/1 VertType net hods

voi d AASet Vert Type(const int t){this->SetVertType(t);};

/1 Sets the node vertex binding (should always be PerVert, really)
int AAVert Type(){return this->VertType();};

/1 Returns the node vertex binding

/1 Verts Methods

voi d AASet NunVerts(const int num{this->Set NunVerts(num;};
/1 Sets the nunber of vertices
int AANunVerts(){return this->NunVerts();};
/1 Returns the nunmber of vertices
voi d AASet Verts(const int num AAVector* verts){this-
>Set Vert s(num (fl oat*) & (vt Vector) (( AAVTreeVector*)verts)->vector));
/1l Returns a pointer to the vertices, or NULL if none exi st
voi d AASet Vert(const int i, AAVector* verts){this->SetVert(i,
(float*) & (vtVector) ((AAVTreeVector*)verts)->vector));};
/1 Sets vertex "i" to the given coordinate
float* AAVert(int i){return this->Vert(i);};
/1 Returns a pointer to vertex "i"

/1 Vertlndex mnethods

voi d AASet NunVert | ndi ces(const int num{this->Set NunVert!| ndices(nunj;};

/1 Sets the nunber of vertex indices

int AANunVert!Indices(){return this->NumVertlndices();};

/1 Returns the nunmber of vertex indices

voi d AASet Vert | ndi ces(const int num int *index){this->SetVertlndices(num in-
dex);};

/1 Sets all vertex indices using an array

int* AAVertlndices(){return this->Vertindices();};

/1 Returns a pointer to the vertex indices, or NULL if none exi st

voi d AASet Vertlndex(const int i, int num{this->SetVertlndex(i, num;};

/] Returns vertex index "i"

int AAVertlndex(const int i){return this->Vertlndex(i);};

/] Returns vertex index "i"

/1 Node flags nethods.

voi d AASet NodeFl ags(const unsigned int flags){this->Set NodeFl ags(fl ags);};

/1 Sets the node flags

voi d AAReset NodeFl ags(const unsigned int flags){this->Reset NodeFl ags(fl ags);};

/! Resets node flags (to zero)

voi d AAC ear NodeFl ags() {t hi s->Cl ear NodeFl ags(); };

/1 Clears all node flags

unsi gned i nt AANodeFl ags(){return this->NodeFl ags(); };

/1 Returns the node flags

/1 Material index nethods.

voi d AASet Material (int nm{this->SetMaterial (n);};

/] Sets the node material for the current depiction |evel (index version)

voi d AASet Material (const int depict, const int m{this->SetMaterial (depict,
m;};
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/1 Sets the node material for depiction |evel "depict" (index version)

int AAvaterial () const{return this->Material ();};

/1 Returns the node material index for the current depiction |evel

int AAvaterial (const int depict) const{return this->Material (depict);};

/1 Returns the node material index for the given depiction |evel

voi d AAAssignMaterial (const int m){this->AssignMaterial (m;};

/1 Assigns material index 'm to the node for the current depiction (wthout
setting the flags)

voi d AAAssi gnMaterial (const int depict, const int m{this-
>Assi gnMat eri al (depict, m;};

/1 Assigns material index 'm to the node for the given depiction (wthout
setting the flags)

/1 Texture index methods.
voi d AASet Texture(int t){this->SetTexture(t);};
/1 Sets the node texture for the current depiction level (index version)
voi d AASet Texture(const int depict, const int t){this->SetTexture(depict,
t);};
int AATexture(){return this->Texture();};
/1 Returns the node texture index for the current depiction |eve
int AATexture(const int depict){return this->Texture(depict);};
/1 Returns the node texture index for the given depiction |eve
voi d AAAssi gnTexture(const int t){this->AssignTexture(t);};
/1l Assigns texture index "t" to the node for the current depiction (wthout
setting the flags)
voi d AAAssi gnTexture(const int depict, const int t){this-
>Assi gnTexture(depict, t);};
/1 Assigns texture index "t" to the node for the given depiction (w thout set-
ting the flags)

/1 Wreframe methods

voi d AASet Wreframe(const BOOL wWf = TRUE){thi s->SetWreframe(wf);};
/1 Sets the node wirefranme flag

BOOL AAWrefrane(){return this->Wreframe();};

/1l Returns the node wireframe flag

/1 Culling vol une nethods.

voi d AASet Cul | (const AAVector* center, const float radius = 0.5f){this-
>Set Cul | ((vt Vector) ((AAVTreeVector*)center)->vector, radius);};

/1l Sets the culling sphere center and radius

void AASet Cul | (const float cx = 0.0f,const float cy = 0.0f,const float cz =
0.0f,const float r = 0.5f){this->SetCull(cx, cy, cz, r);};

/1 Sets the culling sphere center and radi us (conponent version)

AAVect or* AACul | Center() const

{
AAVTreeVector* v = new AAVTreeVector();
v->vector = Cull Center();
return v;

}.

/1 Returns the culling sphere center

float AACul | Radius() const{return this->CullRadius();};

/1 Returns the culling sphere radius

voi d AAFi ndCul | (AAVector* rm n=NULL, AAVector* rmax=NULL, AAGWAtri x* mat=NULL,
BOCOL Updat eCul | =TRUE)

{
vtVector* vmin = new vtVector((vtVector) ((AAVTreeVector*)rmn)->vector);
vt Vector* vmax = new vt Vector ((vtVector) ((AAVTreeVect or*) rmax) - >vector);
viGvatrix* m= new vtGvatrix((vtGvatri x) ((AAVTreeGvatri x*)mat)->matri x);
this->FindCull (vmin, vmax, m UpdateCull);

}.

/'l Reconputes the geonetry lints and, optionally, sets the culling sphere
par aneters

/1 Transform et hod
voi d AATransforn{const AAGwVatri x* nmat){this-
>Transforn( (vt Gvatri x) (( AAVTreeGvatri x*)mat)->matrix); };

/1 Transforns the geonetry using the given matrix. Normals are only rotated
and texture coordinates

98



/1 are unaffected
voi d AATexTransforn{const AAGWAtri x* mat){this-
>TexTransforn( (vt Gvatri x) (( AAVTreeGvatri x*)mat)->matrix);};
/1 Transforns the texture coordi nates using the given matrix.

/1 M scel | aneous net hods
I voi d AACount Pol ys( AAPol yCount P p){};
/1 Compute statistics for the node by counting vertices, etc. for the geonetry

/*******************************AAVTree’\bde '\/Et hods******************/

voi d AAAddChi | d( AANode* node) {t hi s- >AddChi | d( (vt Node*) ( (AAVTr eeNode*) node) ) ; };
voi d AAAddNext ( AANode* node){t hi s- >AddNext ( (vt Node*) ( ( AAVTr eeNode*) node) ) ; };
BOOL AAChangeMaterial (int oldldx, int newmdx){return this-
>ChangeMat eri al (ol dl dx, newl dx); };
BOOL AAChangeTexture(int oldldx, int newldx){return this-
>ChangeMat eri al (ol dl dx, newl dx);};
AANode* AAChi I d(){return (AAVTreeNode*)this->Child();};
BOCL AADel Chi | d( AANode* node){return this-
>Del Chi | d( (vt Node*) ( ( AAVTr eeNode*) node) ) ; };
BOCL AADel Children(){return this->Del Children();};
BOOL AADel Next ( AANode* node){return this-
>Del Next ( (vt Node*) ( ( AAVTr eeNode*) node)); };
BOOL AADel Nexts(){return this->Del Nexts();};
AANode* AANext () {return (AAVTreeNode*)this->Next();};
int AANunRefs(){return this->NunRefs();};
AANode* AAReadTree(char* path){return (AAVTreeNode*)vt ReadTree(path);};
int AARef (){return this->Ref();}
BOCL AARenoveChi | d( AANode* node){return this-
>RenpveChi | d( (vt Node*) (( AAVTr eeNode*) node)); };
AANode* AARemnoveChi l dren(){return (AAVTreeNode*)this->RenoveChildren();};
BOOL AARenpveNext ( AANode* node){return this-
>RenmpoveNext ( (vt Node*) ( ( AAVTr eeNode*) node) ) ; };
AANode* AARenoveNexts(){return (AAVTreeNode*)t hi s->RenmoveNexts();};
voi d AASet Chi | d( AANode* node) {t hi s- >Set Chi | d( (vt Node*) ( ( AAVTr eeNode*) node) ) ; };
voi d AASet Nanme(char* name) {t hi s- >Set Nane( nane) ; };
voi d AASet Next ( AANode* node) {t hi s- >Set Next ( (vt Node*) ( ( AAVTr eeNode*) node)); };
int AAUnref(){return this->Unref();};
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/1 AAVTreeMaterial.h : Defines the adapter of the material class.
/1
#define __ AAVTreeMaterial __

#include "vtMaterial.h"

#i fndef __ _AAMvaterial __
#i ncl ude "AAMwaterial . h"
#endi f

#i fndef __ _AAVTreeVector
#i ncl ude " AAVTreeVector. h"
#endi f

#i f ndef __ _AAVTreeCol or __
#i ncl ude " AAVTreeCol or. h"
#endi f

cl ass AAVTreeMaterial : public AAvaterial , private vtMterial
{
public:

/1 Constructors

AAVTreeMat eri al (const char *name = NULL,
const float al pha = 1.0,
const AAVect or *anbi ent NULL,
const AAVector *diffuse NULL,
const AAVector *specular = NULL,
const AAVector *em ssion = NULL,
const float shininess = 0.0){};

/1 Define and Update operations
voi d AADefine(){this->Define();};
BOOL AAUpdate(){return this->Update();};

/1 I ndex nethods

voi d AASet | ndex(const short index){this->Setl|ndex(index);};
/'l Sets the material index

short AAIndex() const {return this->Index();};
/1 Returns the material index

/1 Al pha net hods

voi d AASet Al pha(const float al pha){this->SetAl pha(al pha);};
/1 Sets the material al pha

float AAAl pha() const{return this->A pha();};
/1 Returns the material al pha

/1 Anbi ent net hods

voi d AASet Anbi ent (const float r, const float g, const float b){this-
>Set Anbi ent (r, g, b);};
/1 Sets the material anbient color
voi d AASet Anbi ent (const AAVector* v){this-
>Set Anbi ent ( (vt Vect or) (( AAVTreeVector*)v) ->vector); };
/1 Sets the material anbient color (vtVector version)
voi d AASet Anbi ent (const AACol or* c){this-
>Set Anbi ent ( (vt Col or) (( AAVTreeCol or*)c)->col or); };
/1 Sets the material anbient color (vtColor version)
voi d AAGet Anbi ent ( AACol or* c¢) {t hi s- >Get Anbi ent ( (vt Col or) ( ( AAVTr eeCol or*) c) -
>color);};
/] Gets the material anbient color (vtColor version)
const AAVector* AAAnbi ent() const

{
AAVTreeVector* v = new AAVTreeVector();
v->vector = this->Anbient();
return v;

b
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/! Returns the material anbient color as a vector
/1 Diffuse nethods

voi d AASet Di ffuse(const float r, const float g, const float b){this-
>Set Di ffuse(r, g, b);};

/1 Sets the material diffuse color

voi d AASet Di ffuse(const AAVector* v){this-
>Set Di ffuse((vtVector) ((AAVTreeVector*)v)->vector);};

/1 Sets the material diffuse color (vtVector version)

voi d AASet Di ffuse(const AACol or* c){this-
>Set Di f fuse( (vt Col or) (( AAVTreeCol or*)c)->col or);};

/1 Sets the material diffuse color (vtColor version)

voi d AAGet Di ffuse(AACol or* c){this->CetDiffuse((vtColor)((AAVTreeCol or*)c)-
>color);};

/] CGets the material diffuse color (vtColor version)

const AAVector* AADi ffuse() const

{
AAVTreeVector* v = new AAVTreeVector();
v->vector = this->Diffuse();
return v;

3

/] Returns the nmaterial diffuse color as a vector

/1 Specul ar net hods

voi d AASet Specul ar(const float r, const float g, const float b){this-
>Set Specul ar(r, g, b);};
/1 Sets the material specular color
voi d AASet Specul ar (const AAVector* v){this-
>Set Specul ar ( (vt Vect or) (( AAVTreeVect or *) v) - >vector); };
/1 Sets the material specular color (vtVector version)
voi d AASet Specul ar (const AACol or* c){this-
>Set Specul ar ( (vt Col or) (( AAVTreeCol or*)c)->color);};
/1 Sets the material specular color (vtColor version)
voi d AAGet Specul ar (AACol or* c¢){thi s->Get Specul ar (( vt Col or) (( AAVTreeCol or*) c) -
>col or);};
/1l Gets the material specular color (vtColor version)
const AAVector* AASpecul ar() const

{
AAVTreeVector* v = new AAVTreeVector();
v->vector = this->Specular();
return v;

b

/1 Returns the material specular color as a vector

// Em ssion nethods

voi d AASet Emi ssion(const float r, const float g, const float b){this-
>Set Emi ssion(r, g, b);};
/1 Sets the material em ssion color
voi d AASet Emi ssi on(const AAVector* v){this-
>Set Em ssi on( (vt Vect or) (( AAVTreeVect or*)v) - >vector); };
/1 Sets the material em ssion color (vtVector version)
voi d AASet Emi ssi on(const AACol or* c){this-
>Set Em ssi on( (vt Col or) (( AAVTreeCol or*)c)->color);};
/1 Sets the material em ssion color (vtColor version)
voi d AAGet Em ssi on( AACol or* c¢){this->Get Em ssi on( (vt Col or) ((AAVTreeCol or*)c) -
>col or);};
/1 Gets the material em ssion color (vtColor version)
const AAVector* AAEm ssion() const

{
AAVTreeVector* v = new AAVTreeVector();
v->vector = this->Em ssion();
return v;

3

/1 Returns the material emission color as a vector
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/1 Shi ni ness net hods

voi d AASet Shi ni ness(const float s){this->SetShininess(s);};
/'l Sets the material shininess

fl oat AAShi ni ness() const{return this->Shininess();};
/1 Returns the material shininess

/1 Dirty bits nethods

voi d AASetDirty(const unsigned int which){this->SetDirty(which);};
/1 SetDirty
voi d AAReset Dirty(const unsigned int which){this->ResetDirty(which);};
/!l ResetDirty
unsigned int AAlsDirty(const int which = AAAIIBits){return this-
> sDirty(which);};

/1 IsDirty
voi d AASet Cl ean(){this->SetCl ean();};
/1 Setd ean
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/1 AAVTreeNode. h : Defines the node class adapter.
/1

#define __ AAVTreeNode__

#i f ndef __ _AANode__

#i ncl ude " AANode. h"

#endi f

#i ncl ude "vtnode. h"
cl ass AAVTreeNode : public AANode, private vtNode

{
public:
AAVTr eeNode(char* string, vtNode* node) : vtNode(string, NULL, node){};
voi d AAAddChi | d( AANode* node) {t hi s- >AddChi | d( (vt Node*) ( (AAVTr eeNode*) node) ) ; };
voi d AAAddNext ( AANode* node) {t hi s- >AddNext ( (vt Node*) ( ( AAVTr eeNode*) node) ) ; };
BOOL AAChangeMaterial (int oldldx, int newdx){return this-
>ChangeMat eri al (ol dl dx, newl dx); };
BOOL AAChangeTexture(int oldldx, int newldx){return this-
>ChangeMat eri al (ol dl dx, newl dx);};
AANode* AAChi | d(){return (AAVTreeNode*)this->Child();};
BOCL AADel Chi | d( AANode* node){return this-
>Del Chi | d( (vt Node*) ( ( AAVTr eeNode*) node) ) ; };
BOCL AADel Children(){return this->Del Children();};
BOOL AADel Next (AANode* node){return this-
>Del Next ( (vt Node*) ( ( AAVTr eeNode*) node)); };
BOOL AADel Nexts(){return this->Del Nexts();};
AANode* AANext () {return (AAVTreeNode*)this->Next();};
int AANunRefs(){return this->NunRefs();};
AANode* AAReadTree(char* path){return (AAVTreeNode*)vt ReadTree(path);};
int AARef (){return this->Ref();}
BOCOL AARenoveChi | d( AANode* node){return this-
>RenpveChi | d( (vt Node*) (( AAVTr eeNode*) node)); };
AANode* AARenoveChi ldren(){return (AAVTreeNode*)this->RenoveChildren();};
BOOL AARenpveNext ( AANode* node){return this-
>RenmpoveNext ( (vt Node*) ( ( AAVTr eeNode*) node) ) ; };
AANode* AARenpveNexts(){return (AAVTreeNode*)t hi s->RemoveNexts();};
voi d AASet Chi | d( AANode* node) {t hi s->Set Chi | d( (vt Node*) ( (AAVTr eeNode*) node) ) ; };
voi d AASet Nanme(char* name) {t hi s- >Set Nane( nane) ;};
voi d AASet Next ( AANode* node) {t hi s- >Set Next ( (vt Node*) ( ( AAVTr eeNode*) node)); };
int AAUnref(){return this->Unref();};
private:

H
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/1 AAVTreeScene. h : Defines the scene class adapter
I

#define _ AAVTreeScene__
#i f ndef __ _AAScene__

#i ncl ude "AAScene. h"
#endi f

#i fndef _ AAVTreeEntity_
#i ncl ude "AAVTreeEntity. h"
#endi f

#i f ndef __AAVTreeNode__

#i ncl ude " AAVTreeNode. h"
#endi f

#i ncl ude "vtscene. h"
cl ass AAVTreeScene : public AAScene, private vtScene

{
public:
AAVTreeScene(char* string) : vtScene(string){};

AAENnti ty* AAAddEntity(AAEntity* entity){return (AAVTreeEntity*)this-
>AddEntity((vtEntity*)((AAVTreeEntity*)entity));};

BOOL AARenoveEntity(char* nanme){return this->RenoveEntity(nane);};

BOOL AARenoveEntity(AAEntity* entity){return this-
>RenmoveEntity((vtEntity*)((AAVTreeEntity*)entity));};

AAENnti ty* AALoad(char* nane)

{
/ /vt Node* graph = vt ReadTree(nane);
/1 AAVTreeEntity* entity = new AAVTreeEntity(nanme, graph);
//return entity;
AAVTreeEntity* entity = (AAVTreeEntity*)thi s->Load(nane);
return entity;

b

private:

I
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/1 AAVTreeTexture.h : Defines the adapter of the texture cl ass.
/1
#define __ AAVTreeTexture__

#i fndef _ AATexture__

#i ncl ude "AATexture. h"
#endi f

#i fndef __ _AAVTreeCol or __

#i ncl ude " AAVTreeCol or. h"
#endi f

#i fndef _ AAVTreeGMWAtri x__
#i ncl ude "AAVTreeGvatri x. h"
#endi f

cl ass AAVTreeTexture
-
public:

static unsigned int AAConput eTextureSize( const int usize,const int vsize,
const int nconp, const BOOL isSVI=FALSE) = O0;

/1 Conmputes the nunber of bytes required to store the an inage with the

/1 given attributes

static char *AAFi ndTextureFil e(const char *nane) = O;

/'l Locates a texture file using the VIree texture path

static AATexture *AALoadTexture(const char *nanme) = O;
/!l Read a texture file and add it to the global texture list

public:
/| Constructors

AATexture( const char *name = NULL,
const unsigned int flags = 0,
const unsigned int nunConponents = AATEX Conp_RGB,
unsigned int *imageData = NULL,
const int inmageSize = 0,
const int udim= 0,
const int vdim= 0,
float *props = NULL,
const int nunProps = 0,
const char *fileName = NULL,
const BOOL inPal ette = FALSE,
const AAl Vector *position = NULL) = O0;

/] Texture definitions.

BOCOL AADefine() = O;

/1 Defines the texture (loads into QpenQ)

BOCOL AAUpdate() = O;

/1 Updates the texture, redefining it if the attributes have changed

/1 Copy.

voi d AACopy(const AATexture &) = O0;
/1 Copies the given texture, "M, into this object

/1 Fil eNanme net hods

voi d AASet Fi | eName(const char *n) = O;

/l Sets the file nane to "n
const char *AAFi | eNane() = O;
/!l Returns the file name

/1 1ndex nethods.
voi d AASet | ndex(const int index) = O;

/1 Sets the texture index to the given index.
voi d AAAssi gnl ndex(const int index) = O;
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/1 Assigns the texture index without regard to OpenG display Iist
i nt AAlndex() const = 0;
/1 Returns the texture index

/1 Fl ags met hods.

voi d AAAssi gnFl ags(const unsigned int f) = O;

/'l Forces the flags to "f"

voi d AASet Fl ags(const unsigned int f) = 0;

/1 Sets flags corresponding to bits in "f"

voi d AAReset Fl ags(const unsigned int f) = 0;

/'l Resets (to zero) flags corresponding to bits in "f"
voi d AAC ear Fl ags() = O;

/1l Clears all flags

unsi gned int AAFl ags() const = O;

/1l Returns the flags

/1 NumConponents met hods.

voi d AASet NunConponent s(const unsigned int n) = 0;
/1 Sets the nunber of inmage conponents to "n"
unsi gned i nt AANuntConponents() const = O;

/1 Returns the nunber of inage conponents

/1 1 mage net hods.

voi d AASet | mage(unsi gned int *inmge, const int size) = 0;
/1 Sets the image nenory and size
unsi gned int *AAl nage() = 0;
/1 Returns the imge nenory
AAl mageBase *AAl nageBase() = O;
/1 Return a pointer to the imge base

/1l Texel color nethods.

BOOL AAGet Texel Col or (vt PackCol or &col, const int u,
const int v) = 0;
/1l Retrieves the color of the texel at coord u, v and pl aces
// it in "col." Returns TRUE if successful, FALSE if not.
BOOL AAGet Texel Col or (vt Col or &col, const int u,
const int v) = 0;
/1l Retrieves the color of the texel at coord u, v and pl aces
// it in "col." Returns TRUE if successful, FALSE if not.
BOOL AASet Texel Col or (const vt PackCol or &col, const int u,
const int v) = 0;
/1 Sets the color of the texel at coord u, v to "col".
/! Returns TRUE if successful, FALSE if not.

/1 Size nethods.

voi d AASet Si ze(const int u, const int v, const int w=0) = O;

/1 Sets the image size to "u" x "v" x "w' (wis for 3D textures)
int AAUDIi m() const = O;

/!l Returns the "u" dinension, in texels

int AAVDIi m() const = O;

/!l Returns the "v" dinension, in texels

void AAGetDinm(int &u, int &) const = 0;

/!l Retrieves "u" and "v" texture di nensions

/1 Props methods.

voi d AASet Props(fl oat *props) = O;

/1 Sets the properties array

float *AAProps() = O;

/1l Returns the properties array

voi d AASet NunProps(const int /* nunmProps */) = O;

/1 Sets the nunmber of properties in the properties array
i nt AANunmProps() const = 0;
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/1l Returns the nunber of properties in the properties array
/1 1nPal ette methods.

voi d AASet | nPal ette(const BOCOL inPalette) = O;
/1 Sets the palette flag

BOCOL AAlnPalette() = O;

/1 Returns the palette flag

/1 Palette position methods.

voi d AASet Pos(const AAl Vector p) = O;

/1 Sets the texture position in the palette

voi d AASet Position(const AAl Vector p) = O;

/1 Sets the texture position in the palette
voi d AASet Pos(const AAl Vector *p) = O;

/1 Sets the texture position in the palette (pointer version)
voi d ASet Posi tion(const AAl Vector *p) = O;

/1 Sets the texture position in the palette (pointer ver5|on)
voi d AASet Pos(const int x, const int y, const int z) = O;

/1 Sets the texture position in the palette (conponent version)
voi d AASet Position(const int x, const int y, const int z) = 0;
const AAl Vector &AAPos() = O;

/1l Returns the palette position
const AAl Vector &AAPosition() = 0;

/1l Returns the palette position

/] Texture nenory usage.

unsi gned i nt AAMenoryUsage() = O;
/1 Returns the nunber of bytes required to store this inage (not including
m prappi ng)

/1 Dirty bits nethods

voi d AASetDirty(const unsigned int which) = 0;

/1 Sets the "dirty" bits

voi d AAResetDirty(const unsigned int which) = 0;

/1l Resets (to zero) the "dirty" bits

unsigned int AAlsDirty(const unsigned int which = AlIBits) = 0;

/1 Returns TRUE if all bits of "which" are set in the "dirty" bits flags
voi d AASetCl ean() = 0;

/1 Clears (to zero) all dirty bits
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BOCL AALoadFil e(const char *fil eName = NULL) = O;

/'l Loads a texture file

BOCOL AARead(i stream & n,unsigned int fileVer,BOOL isBinary = TRUE) = 0;
/'l Restores a vtTexture from di sk

BOCOL AAW i te(ostream &out, BOOL isBinary = TRUE) = O;

// Stores a vtTexture to disk
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/1 AAVTreeTNode. h : Defines the adapter of the transformation node cl ass.

/1
#define __ AAVTreeTNode__

#i f ndef __ _AATNode_

#i ncl ude " AATNode. h"

#endi f

#i fndef _ AAVTreeGWAtri x__
#i ncl ude "AAVTreeGwtri x. h"
#endi f

#i ncl ude "vt TNode. h"

cl ass AAVTreeTNode : public AATNode, private vt TNode
{
public:

AAVTr eeTNode(const char *name = NULL)

vt TNode( nane){};

/1 Default constructor
/1 AAVTr eeTNode( const AATNode *C);

/1 Copy constructor

/1 Matrix nethods

voi d AASet Mat (const AAGWatri x* M {this->Set Mat (((AAVTreeGVatri x*)M -

>matrix);};
/! Sets the matrix to "*M (pointer version)
voi d AASetldentity(void){this->Setldentity();};
/1 Sets the matrix to the identity matrix
AAGWAt ri x* AAMat ()

{
AAVTreeGVatri x* m = new AAVTreeGvatri x();
m>matri x = this->Mat();
return m

}.

/! Returns the matrix

/'l Fl ags net hods

voi d AASet Fl ags(const int flags){this->SetFlags(flags);};

/1 Sets flags corresponding to bits of "flags"

voi d AAReset Fl ags(const int flags){this->ResetFlags(flags);};
/1l Resets (to zero) flags corresponding to bits of "flags"

voi d AAC ear Fl ags() {this->C earFlags();};
I/l Clears (to zero) all flags

int AAFl ags(){return this->Flags();};

/1l Returns the flags

/1 Member copy getting methods.

AAGMVAt ri x* AAMat Copy()

{
AAVTreeGWVatri x* m = new AAVTreeGvatri x();
m >patri x = this->Mat Copy();
return m

}.

//’Returns the copy matrix
i nt AAFI agsCopy(){return this->FlagsCopy();};
/1l Returns the copy flags

/1 Transformation nmethods wt this node's coordinates.

voi d AAScal e(const float sx,const float sy, const float

sz); 1},

sz){thi s->Scal e(sx,

/1 Scales the matrix, anisotropically (conponent version)

voi d AAScal e(const float s){this->Scal e(s);};
/1 Scales the matrix, isotropically

voi d AAScal e(const AAVector* v){this->Scal e(((AAVTreeVector*)v)->vector);};
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/1 Scales the matrix, anisotropically

voi d AARot ate(const AAAxi s axis,const float rot){this-
>Rot at e( (vt TNode: : Axi s)axis, rot);};

/1 Rotates about "AAAXis" through angle "rot" (radi ans)

voi d AARot at e(const AAAxi s aAxi sl,const float rAxisl, const AAAXxi s aAxi s2, const
float rAxis2,const AAAXi s aAxis3,const float rAxis3)

{thi s->Rot at e( (vt TNode: : Axi s) aAxi s1, rAxisl, (vtTNode::Axis)aAxis2, rAxis2,
(vt TNode: : Axi s) aAxi s3, rAxis3);};

/1 Rotates about the given axes, in the order specified, by the anpbunts speci -
fied (radi ans)

voi d AARot at eX(const float ang){this->RotateX(ang);};

/1 Rotates about "X' through the given angle (radians)

voi d AARot ateY(const float ang){this->RotateY(ang);};

/1 Rotates about "Y" through the given angle (radians)

voi d AARot at eZ(const float ang){this->RotateZ(ang);};

/1 Rotates about "Z" through the given angle (radians)

voi d AARot at eXYZ(const float x,const float y,const float z){this->RotateXYZ(Xx,
Y, z);};

/! Rotates about "X', "Y', and "Z" through the given angles (radi ans)

voi d AARot at eZXY(const float z,const float x,const float y){this->RotatezXY(z,
X, ¥)i};

/1 Rotates about "z', "X', and "Y" through the given angles (radi ans)

voi d AARot ateYZX(const float y,const float z,const float x){this->RotateYZX(y,
z, X); }

/! Rotates about "Y', "Z", and "X" through the given angles (radi ans)

voi d AARot at eXZY(const float x,const float z,const float y){this->RotateXZY(x,
z, y):};

/1 Rotates about "X', "Z", and "Y" through the given angles (radi ans)

voi d AARot at eYXZ(const float y,const float x,const float z){this->RotateYXZ(y,
X, z);};

/1 Rotates about "Y", "X', and "Z" through the given angles (radi ans)

voi d AARot at eZYX(const float z,const float y,const float x){this->RotatezZYX(z,
y, X):};

/1 Rotates about "z', "Y', and "X" through the given angl es (radi ans)

voi d AARot at eXYZ(const AAVector *v){thi s->RotateXYZ(((AAVTreeVector*)v)-
>vector);};

/1 Rotates about "X', "Y', and "Z" through the given angles (radi ans)

voi d AARot at eZXY(const AAVector *v){thi s->Rot at eZXY( ( ( AAVTreeVector*)v) -
>vector);};

/! Rotates about "Zz", "X', and "Y" through the given angles (radi ans)

voi d AARot at eYZX( const AAVector *v){thi s->Rot at eYZX((( AAVTreeVector*)v)-
>vector);};

/1 Rotates about "Y", "Z", and "X" through the given angl es (radi ans)

voi d AARot at eXZY(const AAVector *v){thi s->RotateXZY(((AAVTreeVector*)v)-
>vector);};

/! Rotates about "X', "Z", and "Y" through the given angles (radi ans)

voi d AARot at eYXZ(const AAVector *v){this->RotateYXZ(((AAVTreeVector*)v)-
>vector);};

/1 Rotates about "Y", "X', and "Z" through the given angl es (radi ans)

voi d AARot at eZYX(const AAVector *v){this->RotateZYX(((AAVTreeVector*)v)-
>vector);};

/! Rotates about "Z", "Y', and "X" through the given angles (radi ans)

voi d AATransl ate(const float x,const float y,const float z){this->Transl ate(x,
Y, 2):};

/1 Translates by the given amounts (component version)

voi d AATransl ate(const AAVector *t){this->Transl ate(((AAVIreeVector*)t)-
>vector);};

/1 Translates by the given anounts (vector version)

/1 Transformations nethods wt this node's coordinates with the matrix bei ng
Il cleared first.

voi d AAXRot ati on(const float ang){this->XRotation(ang);};
/1 Rotates about "X' through the given angle (radians)
voi d AAYRot ati on(const float ang){this->YRotation(ang);};
/1 Rotates about "Y" through the given angle (radians)
voi d AAZRot ati on(const float ang){this->ZRotation(ang);};
/1 Rotates about "Z" through the given angle (radians)
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voi d AAXYZRot ati on(const float x,const float y,const float z){this-
>XYZRot ation(x, vy, z);};

/1 Rotates about "X', "Y', and "Z" through the given angl es (radi ans)

voi d AAZXYRot ati on(const float z,const float x,const float y){this-
>ZXYRot ation(z, X, y):};

/! Rotates about "Z", "X', and "Y" through the given angles (radi ans)

voi d AAYZXRot ati on(const float y,const float z,const float x){this-
>YZXRot ation(y, z, X);};

/! Rotates about "Y', "Z", and "X" through the given angles (radi ans)

voi d AAXZYRot ation(const float x,const float z,const float y){this-
>XZYRot ation(x, z, y);};

/1 Rotates about "X', "Z", and "Y" through the given angles (radi ans)

voi d AAYXZRot ati on(const float y,const float x,const float z){this-
>YXZRot ation(y, X, z);};

/! Rotates about "Y', "X', and "Z" through the given angles (radi ans)

voi d AAZYXRot ati on(const float z,const float y,const float x){this-
>ZYXRotation(z, vy, X);};

/1 Rotates about "z', "Y', and "X" through the given angles (radi ans)

voi d AAXYZRot ati on(const AAVector *v){this->XYZRot ati on(((AAVTreeVector*)v)-
>vector);};

/! Rotates about "X', "Y', and "Z" through the given angles (radi ans)

voi d AAZXYRot ati on(const AAVector *v){this->ZXYRot ati on(((AAVTreeVector*)v)-
>vector);};

/1 Rotates about "z', "X', and "Y" through the given angl es (radi ans)

voi d AAYZXRot ati on(const AAVector *v){this->YZXRotati on(((AAVTreeVector*)v)-
>vector);};

/! Rotates about "Y', "Z", and "X" through the given angles (radi ans)

voi d AAXZYRot ati on(const AAVector *v){this->XZYRot ati on(((AAVTreeVector*)v)-
>vector);};

/1 Rotates about "X', "Z", and "Y" through the given angles (radi ans)

voi d AAYXZRot ati on(const AAVector *v){this->YXZRot ati on(((AAVTreeVector*)v)-
>vector);};

/1 Rotates about "Y", "X', and "Z" through the given angles (radi ans)

voi d AAZYXRot ati on(const AAVector *v){this->ZYXRot ati on(((AAVTreeVector*)v)-
>vector);};

/1 Rotates about "Z", "Y', and "X" through the given angles (radi ans)

voi d AATransl ation(const float x,const float y,const float z){this-
>Transl ation(x, vy, z);};

/1 Translates by the given amounts (component version)

voi d AATransl ation(const AAVector *t){this->Transl ation(((AAVTreeVector*)t)-
>vector);};

/1 Translates by the given amounts (vector version)

/1l Transformation nmethods wt this node's base coordi nates.

voi d AABaseScal e(const float sx, const float sy,const float sz){this-
>BaseScal e(sx, sy, sz);};

/] Base scale the matrix, anisotropically (conmponent version)

voi d AABaseScal e(const float s){this->BaseScal e(s);};

/1 Base scale the matrix, isotropically

voi d AABaseScal e(const AAVector *v){this->BaseScal e(((AAVTreeVector*)v)-
>vector);};

/1 Base scale the matrix, anisotropically

voi d AABaseRot at e(const AAAxi s axis,const float rot){this-
>BaseRot at e( (vt TNode: : Axi s)axis, rot);};

/] Base Base rotate about "AAAxis" through angle "rot" (radians)

voi d AABaseRot at e(const AAAxi s aAxi sl,const float rAxisl, const AAAXi s
aAxi s2, const float rAxis2,const AAAXi s aAxi s3,const float rAxis3)
{thi s- >BaseRot at e( (vt TNode: : Axi s) aAxi s1, rAxisl, (vtTNode::Axis)aAxis2

r Axi s2, (vt TNode:: Axi s)aAxi s3, rAxis3);};

/1 Base rotate about the given axes, in the order specified, by the

/1 amounts specified (radians)

voi d AABaseRot at eX(const fl oat ang){thi s->BaseRot ateX(ang);};

/] Base rotate about "X' through the given angle (radians)

voi d AABaseRot at eY(const float ang){this->BaseRotateY(ang);};

/] Base rotate about "Y" through the given angle (radians)

voi d AABaseRot at eZ(const fl oat ang){thi s->BaseRot ateZ(ang);};
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/] Base rotate about "Z" through the given angle (radians)
voi d AABaseRot at eXYZ(const float x,const float y,const float z){this-
>BaseRot at eXYZ(x, vy, z);};
/1 Base rotate about "X', "Y', and "Z" through the given angles (radi ans)
voi d AABaseRot at ezXY(const float z,const float x,const float y){this-
>BaseRot at eZXY(z, X, V¥);};
/] Base rotate about "z", "X', and "Y" through the given angl es (radi ans)
voi d AABaseRot at eYZX(const float y,const float z,const float x){this-
>BaseRot at eYZX(y, z, X);};
/] Base rotate about "Y', "Z", and "X" through the given angles (radi ans)
voi d AABaseRot at eXZY(const float x,const float z,const float y){this-
>BaseRot at eXZY(x, z, y);};
/1 Base rotate about "X', "Z", and "Y" through the given angles (radi ans)
voi d AABaseRot at eYXZ(const float y, const float x,const float z){this-
>BaseRot at eYXZ(y, X, z);};
/] Base rotate about "Y', "X', and "Z" through the given angles (radi ans)
voi d AABaseRot at eZYX(const float z,const float y,const float x){this-
>BaseRot at eZYX(z, vy, X);};
/! Base rotate about "Z", "Y', and "X" through the given angles (radi ans)
voi d AABaseRot at eXYZ(const AAVector *v){this-
>BaseRot at eXYZ( ( ( AAVTr eeVect or*)v) ->vector); };
/] Base rotate about "X', "Y', and "Z" through the given angl es (radi ans)
voi d AABaseRot at eZXY(const AAVector *v){this-
>BaseRot at eZXY( ( ( AAVTreeVect or*)v) - >vector); };
/! Base rotate about "z", "X', and "Y" through the given angles (radi ans)
voi d AABaseRot at eYZX( const AAVector *v){this-
>BaseRot at eYZX( ( (AAVTr eeVect or*)v) - >vector); };
/] Base rotate about "Y', "Z", and "X" through the given angl es (radi ans)
voi d AABaseRot at eXZY(const AAVector *v){this-
>BaseRot at eXZY( ( ( AAVTreeVect or*)v) - >vector); };
/! Base rotate about "X', "Z", and "Y" through the given angles (radi ans)
voi d AABaseRot at eYXZ(const AAVector *v){this-
>BaseRot at eYXZ( ( (AAVTr eeVect or*)v) ->vector); };
/] Base rotate about "Y', "X', and "Z" through the given angl es (radi ans)
voi d AABaseRot at eZYX( const AAVector *v){this-
>BaseRot at eZYX( ( (AAVTr eeVect or*)v) - >vector); };
/] Base rotate about "Zz", "Y', and "X" through the given angles (radi ans)
voi d AABaseTransl ate(const float x,const float y,const float z){this-
>BaseTransl ate(x, vy, z);};
/1 Base translate by the given anmpunts (conponent version)
voi d AABaseTransl at e(const AAVector *t){this-
>BaseTr ansl at e( (( AAVTreeVector*)t)->vector);};
/1 Base translate by the given amounts (vector version)

/| Face net hods

voi d AAFaceX(const AAVector *p){};

/1 Conmputes the matrix such that the +Z AAAXxis cones closest to facing
/1 the position "p" by rotating about the "X' AAAXis only

voi d AAFaceY(const AAVector *p){};

/1 Computes the matrix such that the +Z AAAxis cones closest to facing
/1 the position "p" by rotating about the "Y' AAAXis only

voi d AAFaceXY(const AAVector *p){};

/1 Computes the matrix such that the +Z AAAxis faces the position "p"
/1 by rotating about the "X' and "Y' axes

/**************************AAWREENODE NEI"_'ODS***************************/
voi d AAAddChi | d( AANode* node) {t hi s- >AddChi | d( (vt Node*) ( (AAVTr eeNode*) node) ) ; };
voi d AAAddNext ( AANode* node) {t hi s- >AddNext ( (vt Node*) ( ( AAVTr eeNode*) node)); };
BOCL AAChangeMaterial (int oldldx, int newmdx){return this-

>ChangeMat eri al (ol dl dx, newl dx); };
BOCOL AAChangeTexture(int ol dldx, int newdx){return this-
>ChangeMat eri al (ol dl dx, newl dx); };
AANode* AAChi | d(){return (AAVTreeNode*)this->Child();};
BOCOL AADel Chi | d( AANode* node){return this-
>Del Chi | d( (vt Node*) ( ( AAVTr eeNode*) node) ) ; };
BOOL AADel Children(){return this->Del Children();};
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BOCL AADel Next ( AANode* node){return this-
>Del Next ( (vt Node*) ( ( AAVTr eeNode*) node) ) ; };
BOCOL AADel Nexts(){return this->Del Nexts();};
AANode* AANext (){return (AAVTreeNode*)this->Next();};
int AANunRefs(){return this->NunRefs();};
AANode* AAReadTree(char* path){return (AAVTreeNode*)vt ReadTree(path);};
int AARef(){return this->Ref();}
BOOL AARenoveChi | d( AANode* node){return this-
>RenpveChi | d( (vt Node*) (( AAVTr eeNode*) node) ) ; };
AANode* AARenoveChi ldren(){return (AAVTreeNode*)this->RenoveChildren();};
BOOL AARenpveNext ( AANode* node){return this-
>RenmpoveNext ( (vt Node*) ( ( AAVTr eeNode*) node) ) ; };
AANode* AARenoveNexts(){return (AAVTreeNode*)t hi s->RenpveNexts();};
voi d AASet Chi | d( AANode* node) {t hi s- >Set Chi | d( (vt Node*) ( ( AAVTr eeNode*) node) ) ; };
voi d AASet Name(char* name){t hi s- >Set Nane( nane) ; };
voi d AASet Next ( AANode* node){t hi s- >Set Next ( (vt Node*) ( ( AAVTr eeNode*) node)); };
int AAUnref (){return this->Unref();};
pr ot ect ed:

I
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/1 AAVTreeVector.h : Defines the adapter of the vector class.
/1
#def i ne AAVTr eeVect or _

#i ncl ude "vt BaseDefs. h"

#i f ndef __ _AAVector
#i ncl ude " AAVector. h"
#endi f

cl ass AAVTreeVector : public AAVector

{

friend cl ass AAVTreeVector;

friend class AAVTreeGWAtri X;

friend class AAVTreeEntity;

friend class AAVTreeVi ewport;

friend class AAVTree2DCGeomGaugeNode;

friend class AAVTreeGaugeNode;

friend cl ass AAVTreeFxDebri s;

friend class AAVTreeFxM ssileTrail;

friend cl ass AAVTreeTNode;

friend class AAVTreel GNode;

friend cl ass AAVIreeMateri al ;

public:
AAVTreeVector () {vt Set (vector, 0.0f, 0.0f, 0.0f);};
AAVTreeVector (float x, float y, float z){vtSet(vector, X, vy, 2);};

voi d AAAbs(voi d){vt Abs(vector);};
voi d AAAbs( AAVect or* base) {vt Abs(vector, ((AAVTreeVector*)base)->vector);};
AAVect or* AACross(AAVector* vectl, AAVector* vect?2)

{
vt Vector v;
vt Cross(v, ((AAVTreeVector*)vectl)->vector, ((AAVTreeVector*)vect?2)-
>vector);
return new AAVTreeVector(v.Xx, V.y, V.Zz);
b

fl oat AAD st (AAVector* ot her)

{return vtDist(vector, ((AAVTreeVector*)other)->vector);};
fl oat AAD st 2( AAVect or* ot her)

{return vtDist2(vector, ((AAVTreeVector*)other)->vector);};
float AAGet X(){return vector.x;};

float AAGetY(){return vector.y;};

float AAGetZ(){return vector.z;};

fl oat AAl nner Prod( AAVect or* ot her)

{return vtlnnerProd(vector, ((AAVTreeVector*)other)->vector);};
fl oat AAVax()

{return vtMax(vector);};

fl oat AAMagni t ude()

{return vtMagni tude(vector);};

fl oat AAMAgSq()

{return vtMagSq(vector);};

float AAM n()

{return vtMn(vector);};

voi d AANegat e()

{vt Negat e(vector);};

voi d AANormmal i ze()

{vtNornalize(vector);};

voi d AANor el i ze( AAVect or* base)

{vtNornalize(vector, ((AAVTreeVector*)base)->vector);};
voi d AAScal e(fl oat s)

{vt Scal e(vector, s);};

voi d AAScal e(float x, float y, float 2z)

{vt Scal e(vector, x, vy, z);};

voi d AASet (float x, float y, float 2z)

{vtSet (vector, X, y, 2);};

voi d AASet (AAVect or* ot her)

{vt Set (vector, ((AAVTreeVector*)other)->vector);};

voi d AASet X(const float x){vector.x X; };

voi d AASet Y(const float y){vector.y vy };
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voi d AASet Z(const float z){vector.z = z;};
AAVect or * oper at or +( AAVect or* ot her)

{
vt Vector v;
vt Add(v, vector, ((AAVTreeVector*)other)->vector);
return new AAVTreeVector(v.Xx, V.y, V.Zz);
b
AAVect or* oper at or - (AAVect or* ot her)
{
vt Vect or v;
vt Sub(v, vector, ((AAVTreeVector*)other)->vector);
return new AAVTreeVector(v.Xx, V.y, V.Zz);
3
AAVect or* oper at or * ( AAVect or* ot her)
{
vt Vector v;
vt El emul (v, vector, ((AAVTreeVector*)other)->vector);
return new AAVTreeVector(v.Xx, V.y, V.Zz);
3
AAVect or* operator*(float f)
{
vt Vector v;
vt Set (v, vector);
vt Scal e(v, f);
return new AAVTreeVector(v.Xx, V.y, V.Zz);
b

AAVect or * oper at or =( AAVect or* ot her)

if (this == NULL)
return new AAVTreeVect or ( ( (AAVTreeVect or *) ot her) - >vect or. X,
((AAVTreeVect or*) ot her) ->vector.y, ((AAVTreeVector*)other)->vector.z);
el se
vt Set (vector, ((AAVTreeVector*)other)->vector);
return this;

};
BOOL oper at or ==( AAVect or * ot her)
{
if ((vector.x == ((AAVTreeVector*)other)->vector.x) &&
(vector.y == ((AAVTreeVector*)other)->vector.y) &&
(vector.z == ((AAVTreeVector*) ot her)->vector. z))
return TRUE;
return FALSE;
};

BOCOL operat or! =(AAVect or* ot her)

if (this == other) return FALSE;
return TRUE;

b
float operator[](int n)
{

if ((0 <=n) & (n < 3))
return vector[n];

return 0. Of;
b
const float operator[](int n) const
{
if ((0 <=n) & (n < 3))
return vector[n];
return O.Of;
}
pr ot ect ed:
vt Vect or vector;
private:

I
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/1 AAVTreeVi ewport.h : Defines the viewort class adapter
/1
#define __ AAVTreeVi ewport

#i ncl ude "vtvi ewport.h"

#i f ndef __ _AAVector

#i ncl ude " AAVector. h"
#endi f

#i f ndef __ _AAScene___

#i ncl ude " AAScene. h"
#endi f

#i fndef __AAVi ewport

#i ncl ude " AAVi ewport. h"
#endi f

#i f ndef __AAVTreeScene__
#i ncl ude " AAVTreeScene. h"
#endi f

#i f ndef __ AAVTreeVector
#i ncl ude " AAVTreeVector. h"
#endi f

#i fndef __ AAVTreeGWAtri x__
#i ncl ude "AAVTreeGwtri x. h"
#endi f

cl ass AAVTreeVi ewport : public AAViewport, private vtViewport

{
public:
AAVTr eeVi ewport (vt Wndow* wnd, char* string, int posx, int posy, int wdth,
i nt height)
vt Vi ewport (wnd, string, posx, posy, wi dth, height){};

BOCL AAAll ocStencil Bits(const int num){return this->AllocStencilBits(num;};
voi d AAC ear Fl ags() {this->Cl earFl ags();};

voi d AADI sabl e(const int what){this->Di sabl e(what);};

voi d AAEnabl e(const int what){this->Enabl e(what);};

voi d AAEnabl eStencil () {this->EnableStencil();};

voi d AAFogDi sabl e() {t hi s->FogDi sabl e(); };

voi d AAFogEnabl e(){t hi s- >FogEnabl e();};

voi d AAFogSet Col or(const float r, const float g, const float b, const float a)
{this->FogSetColor(r, g, b, a);};

voi d AAFogSet Density(const float d){this->FogSetDensity(d);};

voi d AAFogSet Li near Range(const float nmin, const float nmax)
{t hi s- >FogSet Li near Range(m n, max);};

voi d AAFogSet Mode( FOGVODE node)
{

swi t ch(node)

{

case LI NEAR
t hi s- >FogSet Mbde( vt Fog: : Li near Fog) ;
br eak;

case EXP
t hi s- >FogSet Mbde( vt Fog: : ExpFog) ;
br eak;

case EXPSQR
t hi s- >FogSet Mode( vt Fog: : Exp2FoqQ) ;
br eak;

case TABLE
i f (this->FogMaxTabl eSize() > 0)
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t hi s- >FogSet Mbde( vt Fog: : Tabl eFog) ;
br eak;

b

int AANunStencilBits(){return this->NunStencilBits();};

voi d AAPr epar eFor Render () {t hi s- >Pr epar eFor Render () ; };
AAScene* AAGet Scene(){return (AAVTreeScene*)thi s->Scene();};

voi d AASet Col or(const float r, const float g, const float b, const float a)
{this->SetColor(r, g, b, a);};

voi d AASet Fl ags(const FLAGS f)

{
swi tch(f)

case DRAVENABLE:
t hi s- >Set Fl ags( Dr awEnabl e) ;
br eak;

case CLEARPLANES:
t hi s->Set Fl ags(d ear Pl anes) ;
br eak;

case CLEARDEPTH:
t hi s->Set Fl ags(d ear Dept h) ;
br eak;

case CLEARSTENCI L:
t hi s->Set Fl ags(d ear Stenci | );
br eak;

case STENCI LENABLE:
t hi s->Set Fl ags( St enci | Enabl e) ;
br eak;

case FLI PVERTI VAL:
t hi s->Set Fl ags(Fl i pVertical);
br eak;

case FLI PHORI ZONTAL:
t hi s->Set Fl ags(Fl i pHori zontal ) ;
br eak;

}
I
voi d AASet Ot ho(const float xm n,const float xmax,
const float ymin,const float ynmax,
const float znin,const float znax)
{this->Set Ortho( Xmn, Xxmex, ymn, ymax, zmn, zmex);};

voi d AASet Perspective(const float vertfov, const float asprat, const fl oat
nearclip, const float farclip)
{thi s->Set Perspecti ve(vt DToR(vertfov), asprat, nearclip, farclip);};

voi d AASet Scene( AAScene* scene)
{t hi s->Set Scene( (vt Scene*) (( AAVTreeScene*)scene)); };

voi d AASet Vi ewLookAr oundAt (AAVector* at, float deltaHorz, float deltaVert,
float deltaRoll, float dist)

{t hi s->Set Vi ewLookAr oundAt ( ( ( AAVTr eeVect or*) at)->vector, deltaHorz, deltaVert,
deltaRoll, dist);};

voi d AASet Vi ewLookFronmTo(const float fx, const float fy , const float fz,
const float tx,

const float ty, const float tz, const float ux, const float uy, const float
uz)

{thi s->Set Vi emLookFromro(fx, fy, fz, tx, ty, tz, ux, uy, uz);};

voi d AASet Vi ewLookOr bi t (AAVector* at, float azim float elev, float dist)
{t hi s->Set Vi emLookOr bi t (( ( AAVTreeVector*)at)->vector, azim elev, dist);};
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voi d AASet Vi ewvat (AAGVAEt ri x* matri x) {thi s-
>Set Vi ewvat ( (( AAVTreeGvatri x*)matri x)->matrix);};

voi d AAReset Fl ags(const FLAGS f)

{

switch(f)

{

case DRAVENABLE:
t hi s- >Reset Fl ags( Dr awEnabl e) ;
br eak;

case CLEARPLANES:
t hi s- >Reset Fl ags(Cl ear Pl anes) ;
br eak;

case CLEARDEPTH:
t hi s- >Reset Fl ags(C ear Dept h) ;
br eak;

case CLEARSTENCI L:
t hi s- >Reset Fl ags(Cl ear Stenci | );
br eak;

case STENCI LENABLE:
t hi s- >Reset Fl ags( St enci | Enabl e) ;
br eak;

case FLI PVERTI VAL:
t hi s- >Reset Fl ags(Fl i pVertical);
br eak;

case FLI PHORI ZONTAL:
t hi s- >Reset Fl ags(Fl i pHori zontal);
br eak;

}

3

voi d AASyncEnabl es(){t hi s->SyncEnabl es(); };
private:

s
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/1 AAVTreeW ndow. h : Defines the wi ndow cl ass adapter.
/1

#define __ AAVTreeW ndow__

#i fndef __ _AAVTreeVi ewport
#i ncl ude " AAVTreeVi ewport. h"
#endi f

#i f ndef __ AAW ndow__

#i ncl ude " AAW ndow. h"

#endi f

#i ncl ude "vtw ndow. h"

#i ncl ude "vtw n32. h"
#include "vtinit.h"

cl ass AAVTreeW ndow : public AAW ndow, private vtW ndow

{
public:
AAVTr eeW ndow( char* string, HWD hWhd, int posx, int posy, int width, int
hei ght)
vt Wndow(string, hWhd, posx, posy, w dth, height){};

BOCL AAAl |l ocStencil Bits(const int num unsigned int bitO){return this-
>AllocStencil Bits(num bit0);};

float AAAspect(){return this->Aspect();};
int AAHei ght (){return this->Height();};
int AAWdth(){return this->Wdth();};

int AAX(){return this->X();};

int AAY(){return this->Y();};

AAVi ewport* AAAddVi ewport ( AAVIi ewport* vp){return (AAVTreeVi ewport*)this-
>AddVi ewport ((vt Vi ewport*) (( AAVTreeVi ewport*)vp)); };

AAVi ewport* AAFi ndVi ewport (char* name){return (AAVTreeVi ewport*)this-
>Fi ndVi ewport (nane); };

voi d AADI sabl e( ENABLES sw)
{

switch (sw)

{

case ANTI ALI AS:
t hi s->Di sabl e(vt Enabl eState:: Anti alias);
br eak;

case BACKFACECULL:
t hi s->Di sabl e(vt Enabl eSt at e: : Backf aceCul | );
br eak;

case CULLSPHERES:
t hi s->Di sabl e(vt Enabl eSt ate: : Cul | Spheres);
br eak;

case DEPTHTEST:
t hi s->Di sabl e(vt Enabl eSt at e: : Dept hTest) ;
br eak;

case FOG
t hi s->Di sabl e(vt Enabl eSt ate: : Fog) ;
br eak;

case LI GHT1:
t hi s->Di sabl e(vt Enabl eState: : Li ght1);
br eak;

case LI GHT2:
t hi s->Di sabl e(vt Enabl eSt at e: : Li ght 2) ;
br eak;

case LI GHTS:
t hi s->Di sabl e(vt Enabl eSt ate: : Li ght 3) ;
br eak;

case LI GHT4:
t hi s->Di sabl e(vt Enabl eSt at e: : Li ght 4);
br eak;

case LI GHTS:

118



I

case

case

case

case

case

case

case

case

case

t hi s->Di sabl e(vt Enabl eSt at e:

br eak;
LI GHT6:

t hi s->Di sabl e(vt Enabl eSt ate::

br eak;
LI GHT7:

t hi s->Di sabl e(vt Enabl eSt at e:

br eak;
LI GHTNI NG

t hi s->Di sabl e(vt Enabl eSt ate::

br eak;
M PMAPTEXTURES:

t hi s->Di sabl e(vt Enabl eSt at e:

br eak;
OBJECTCULL:

t hi s->Di sabl e(vt Enabl eSt ate::

br eak;
SMOOTHSHADE:

t hi s->Di sabl e(vt Enabl eSt at e:

br eak;
SUBFACE:

t hi s->Di sabl e(vt Enabl eSt ate: :

br eak;
TEXTURE:

t hi s->Di sabl e(vt Enabl eSt at e:

br eak;
TRANSPARENCY:

t hi s->Di sabl e(vt Enabl eSt at e:

br eak;

voi d AAEnabl e( ENABLES sw)

{

switch (sw)

case

case

case

case

case

case

case

case

case

case

case

ANTI ALI AS:

t hi s- >Enabl e( vt Enabl eSt at e:
br eak;

BACKFACECULL:

t hi s- >Enabl e(vt Enabl eSt at e: :

br eak;
CULLSPHERES:

t hi s- >Enabl e(vt Enabl eSt at e: :

br eak;
DEPTHTEST:

t hi s- >Enabl e(vt Enabl eSt at e: :

br eak;

FOG

t hi s- >Enabl e( vt Enabl eSt at e:
br eak;

LI GHT1:

t hi s- >Enabl e(vt Enabl eSt at e: :

br eak;
LI GHT2:
t hi s- >Enabl e( vt Enabl eSt at e:
br eak;
LI GHT3:

t hi s- >Enabl e(vt Enabl eSt at e: :

br eak;
LI GHT4:

t hi s- >Enabl e(vt Enabl eSt at e: :

br eak;
LI GHT5:

t hi s- >Enabl e(vt Enabl eSt at e: :

br eak;
LI GHT6:

t hi s- >Enabl e(vt Enabl eSt at e: :
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: Light5);

Li ght 6) ;

:Light7);

Li ghti ng);

: M pmapText ures);

hjectCull);

: Snoot hShade) ;

Subf ace) ;

: Texture);

: Transpar ency) ;

:Antialias);

BackfaceCul I );

Cul | Spheres);

Dept hTest);

: Fog) ;

Li ght1);

:Light2);

Li ght 3);

Li ght 4);

Li ght5);

Li ght 6) ;



I

BOOL AAFrane(){return this->Frame();};

case

case

case

case

case

case

case

case

br eak;
LI GHT7:

t hi s- >Enabl e(vt Enabl eSt at e: :

br eak;
LI GHTNI NG

t hi s- >Enabl e( vt Enabl eSt at e:

br eak;
M PMAPTEXTURES:

t hi s- >Enabl e(vt Enabl eSt at e: :

br eak;
OBJECTCULL:

t hi s- >Enabl e(vt Enabl eSt at e: :

br eak;
SMOOTHSHADE:

t hi s- >Enabl e(vt Enabl eSt at e: :

br eak;
SUBFACE:

t hi s- >Enabl e(vt Enabl eSt at e: :

br eak;
TEXTURE:

t hi s- >Enabl e(vt Enabl eSt at e: :

br eak;
TRANSPARENCY:

t hi s- >Enabl e(vt Enabl eSt at e: :

br eak;

Li ght 7);

:Lighting);

M prmapText ur es) ;

ohjectCul I');

Snmoot hShade) ;

Subf ace) ;

Texture);

Transpar ency) ;

float AAFraneRate(){return this->FraneRate();};

BOCOL AAPr epar eFor Render ()

s

this-
return this->PrepareForRender();

>Enabl es() . Appl YA | ();

BOCL AARenoveVi ewport ( AAVi ewport* vp){return this-
>RenpveVi ewport ( (vt Vi ewport*) (( AAVTreeVi ewport*)vp));};

BOOL AARender (){return this->Render();};

pr ot ect ed:
private:

I
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D Booch Notation

The Booch notation is used to visualize some class diagrams and schemes. This is a short de-
scription of the notation.

-~ ~
class name )

attribute \
erations
pperations(
N

¢
<

Figure0.1 - Class

Attributes:
A Attribute name only
:C Attribute class only
A:C Attribute name and class
A :C=E |Attribute name, class and default expression
Table 0.1 - Attributes
Methods:
N( Operation name only
R N(Arg) Operation return class, name and

formal arguments

Table 0.2 - Methods
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Export control (for attributes/operations and relationships):

Public

| Protected

I Private

II| implementation

Table 0.3 - Export control

Properties (for relationships):

W abstract class
F Friend

‘@ Static
V, Virtual

Table 0.4 - Properties

Classrelationships (can be refined with properties):

assosiation |abel
inherits >
has °

by value u

by reference O

uses O

Figure 0.2 - Classrelationships
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Cardinality:

1 exactly one

n unlimited number (zero or more)
0..n zero or more

l1.n one or more

0.1 Zero or one

3.7 specified range

1..3,7 specified range or exact number

Table 0.5 - Cardinality
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