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PREFACE

This preface discusses the scope and conventions of this manual.



SCOPE OF THIS MANUAL 8

SCOPE OF THIS MANUAL

The term Game Exchange refers both to an intermediate input/output file format and to a C++ library. Y our source
application (Mirai, Nendo, Alias|Wavefront's Maya, etc.) handles the procedures for writing out data in the Game
Exchange file format. These procedures are explained in the documentation accompanying the source application,
so this manual will not repeat them. Instead, this manual will focus on the use of the Game Exchange C++ library.
This library is designed to assist you in creating writers for converting data in the Game Exchange file format into
a format readable by your target application. The tools of the library are flexible enough to permit you to convert
content into a format that is readable by virtually any target application. Toward that goal, this manual will de-
scribe the format of the various Game Exchange file types. Thereatfter, it will instruct you on how to create your
own writers using the C++ classes included in the Game Exchange library. Each class is briefly defined, then its
uses illustrated with practical examples, including sample source code.

As you read this manual, keep in mind that import requirements of game engines and other target applications
vary tremendously. While the Game Exchange library gives you the flexibility to write out data in a format that
suits your target, this manual cannot describe the exact process that you will undertake in creating your writer.
However, the examples provided should give you a thorough enough understanding of how the classes function.

SYSTEM REQUIREMENTS

The Game Exchange library is designed to run on the following platforms:
* Microsoft NT™ (version 4.0, Service Pack 3 and greater)
 Irix™ (version 6.3 and greater)
The Game Exchange library supports the following C++ compilers:
e NT Visual C++ (version 5.0 and greater)
* Windows 98 Visual C++ 6.0
* Irix MipsPro 7.2.1 for MIPS-2 (032)
e Irix MipsPro 7.2.1 for MIPS-2 (032)

SUPPORTING DOCUMENTS

If you have not already installed Game Exchange, refer tedlee file included on the Game Exchange instal-
lation CD For a concise overview of the Game Exchange file format and library, you can ré&irgnEx-
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change White Paper. This manual is also meant to be read in conjunction with the Game Exchange Reference
Guide, which provides a comprehensive description of the library’s C++ classes and methods.

REQUIRED KNOWLEDGE

This manual assumes a working knowledge of C++. Concepts which are of particular relevance to Game Ex-
change include templates, classes, and hierarchies. You should also be familiar with tree and list data structures.

STYLE CONVENTIONS

This manual contains a number of style conventions designed to make it easier to use. Different paragraph and
character styles designate various user actions and interface elements. The following sections describe the style
conventions used.

NOTES

Notes of special interest are indented:
NOTE:  Notes provide information that is important enough to demand special attention. The

information may be relevant to the current discussion but awkward to include without
disrupting the flow of information.

CODE SAMPLES

Lines or a blocks of sample code are indented and displayed in a courier font:

geTypeNode<geVect or <f | oat > >* typeNode = NULL;
typeNode = (geTypeNode<geVector<fl oat> >*) nornal;
vec = t ypeNode- >get Val ue() ;

SPECIFIC C++ ELEMENTS

When discussed in a paragraph of regular text, C++ elements such as variables, commands, and methods appear |
an italicized avant garde font. For example:

» ThegeVector constructor creates a vector called of type float with a length of three.
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CONTACTING SUPPORT

If you have any difficulty using the Game Exchange library, send e-mail to the following address:

gex-support@nichimen.com
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CHAPTER 1

GAME EXCHANGE: A BRIEF OVERVIEW

This chapter describes what's new in Game Exchange 2.1 and provides a
brief overview of the process for using the Game
Exchange format and library.



CHAPTER OVERVIEW 12

CHAPTER OVERVIEW

In this brief chapter, you'll learn about:
» The overall process for using the Game Exchange format and library.

» The enhancements made to Game Exchange for the 2.1 release.

ABOUT GAME EXCHANGE

Game Exchange provides a mechanism for converting content created in N-World, Mirai, Nendo, or one of sever-
al third-party applications into a file format readable by your target application. For example, you can use Game
Exchange to convert a Miratene (including all objects, materials, skeletons, and animation data) into a format
readable by a proprietary game engine. Game Exchange can also be used to convert 3rd party data into formats
readable by Mirai.

NOTE: In Mirai, a group of related entities (objects, skeletons, materials, and lights) can be
loaded as a single unit called a sceneYour source application may or may not support
such a concept; however, this manual uses the word "scene" to describe any block of
data that is being processed through Game Exchange.

The process for using Game Exchange consists of the following phases:
1 Create content in the source application.

2 Export content in the Game Exchange format, the output of which is a set of ASCII files. (These files include
GAF, GEF, GOF, GBF, GMF, GLF, GCF, and GSF files, all of which are explained in Chapter 2).

3 Use a Game Exchangeiter to convert the Game Exchange output files to a set of files which are readable
by your target platform.

4 Load the converted data into your target application.
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The figure below illustrates this process:

Figure 1.1 The data conversion process

Create Content in
Source Application

|

Export Content in
GE File Format

GAF GOF GMF GSF Etc.

L

GE Writer Converts GE Files
to Target Format

Target Files

|

Load Converted Data into
Target Application

If you are using Game Exchange to convert content between 3D packages, this diagram appliesin both directions.
The following sections describe each of the phases of using Game Exchange in more detail.

13
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CREATING CONTENT

The following Nichimen applications export 3D content directly into Game Exchange format:

* N-World (version 3.2 and greater). If you want to export data in Game Exchange 2.1 format from N-World 3.2,
you’ll need to obtain an additional plug-in. Contact Nichimen Graphics Supsopipt t@nichimen.com.

* Mirai (version 1.0.4.3 and greater)

* Nendo (version 1.0 and greater)

NOTE:  Other third-party 3D applications also export content to Game Exchange formats.
Follow the Game Exchangknk on the Nichimen website (http://Aww.nichimen.com)
for complete information on these applications.

EXPORTING CONTENT

To prepare the source content for eventual conversion to your target application, you use the source application’s
output commands to export the data in the Game Exchange file format.

If you are uncertain how to export content in the Game Exchange format from your source application consult its
documentation. If you are exporting from Mirai or Nendo, you can search the accompanying online help for “ex-
port.” If you are exporting from N-World, look for “export” in the indices toM&eometry Reference Guide and

the N-Dynamics Reference Guide printed documentation.

USING THE GAME EXCHANGE LIBRARY TO CONVERT DATA TO A PLATFORM SPECIFIC FORMAT

Once you have exported the source content in Game Exchange format, you're ready to use a Game Exchange writ
er to convert the output file set to a format that is readable by your target platform. The Game Exchange library as-
sists you in creating writers by parsing Game Exchange output files into C++ data structures and providing
functions to traverse these data structures and write files for your target application. The process of creating writ-
ers will be the focus of this manual.

WHAT’S NEW IN GAME EXCHANGE 2.17?

If you've worked with Game Exchange 2.0 in the past, you may be wondering what enhancements have been
made for this latest release. This section briefly overviews these enhancements.
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® VERSIONING

The header sections within all Game Exchange 2.1 files now include detailed versioning information. For exam-
ple
filetype gx;
G anmar Versi on 2.1.0.0;
Tenpl at eVersi on 2.1.0.0;
Li braryVersion 2.1.0.0;
Host Nanme " Greenghost”;
User Name " Poky Russell";
TimeStanmp "1/2/99 2:34 pni;
OSNanme "W ndows NT";
OSVersion "4.0 service pack 3";
ApplicationNane "Mrai";
ApplicationVersion "1.0.4.3";

See Header Section on page 30 for more information.

® SPEED IMPROVEMENTS

The classesthat control traversals of datatrees have been improved. These makeit faster to search for desired data
after parsing a set of Game Exchange files.

® DECREASED MEMORY USAGE

The parsing process has been modified to eliminate redundant data.

® GRAMMAR FIXES

Several grammar problems from the Game Exchange Library APl have been corrected.

® NEW TEMPLATES

Substantial portions of the template files have been rewritten in order to improve consistency in the Game Ex-
change format. See the Game Exchange 2.1 Reference Guide for afull accounting of these changes.

® GREATER PATHNAME FLEXIBILITY FOR TEMPLATES AND PARSING TABLES

In previous versions, parsing tables and templates had to reside in the same directory as the content filesin order
for parsing to take place. We added methods to the library that allow you to specify pathnames to these files, so
that they may now reside anywhere on your network.

See Parsing Tables on page 40 for more information.
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® NEw DOCUMENTATION

We extensively revised the Game Exchange documentation. Based on a customer feedback, we created this man-
ual to aid programmersin developing of their own writers. We also completely updated the Game Exchange 2.1
Reference Guide to reflect all the latest changes to Game Exchange 2.1.

® [NCLUSION OF A SAMPLE WRITER

Theingtallation CD now includes a fully-operational sample writer, which devel opers can use as a foundation for
designing their own writers. See “Anatomy of a Writer,”on page 63 for afull explanation of how to use this writ-
er.

16
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CHAPTER 2

GAME EXCHANGE FILES

This chapter gives detailed information on the format of
Game Exchange files.
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CHAPTER OVERVIEW

In this chapter, you'll learn:

» About the various export file types supported by Game Exchange.

* How Game Exchange templat files define the format for exported data.

» How Game Exchange content files describe the actual exported scene’s contents.

» How Game Exchange files either cross-reference each other or are embedded within each other to allow for the
parsing of an entire scene’s data.

» About the internal structure of Game Exchange files, including the various code elements which compose them.

GAME EXCHANGE FILE TYPES

When you export content in the Game Exchange format, your source application converts the content into a set of
intermediate ASCII files. These files can be broadly divided into two categrigbate files andcontent files.

Both content and template files share the same general format and structure, but, as you'll read below, they differ
in function.

TEMPLATE FILES

Template file don’t contain any actual exported data, but rather act as schema for what data may be exported from
a source application and how that data should be organized and formatted. Template files are application specific,
so you will see variances in template files depending on the application from which you receive your data. The
template files that you see as output from Mirai or Nendo represent the export standards that Nichimen has de-
fined for these products.

Template files serve two main functions:

» They give the Game Exchange format the flexibility to accommodate new forms of data as source applications
evolve new features.

* They provide a means for verifying the integrity of exported data.

As Mirai and Nendo evolve new features, new options for the export of data emerge. Template files give the
Game Exchange format the fluidity to accommodate data from these new features. With each new release of Mirai
or Nendo, Nichimen can modify the Mirai or Nendo template files in order give export support to all the latest fea-
tures.
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Most of the changes that Nichimen implements in the template files are simply extensions to previous templates.
Aswith any API, you should review your code when new versions of Game Exchange are released in the event
that any extensions have been added that you might want to take advantage of .

Template files also offer Nichimen a means of verify the integrity of exported data. As you’ll veabample

of Parsing on page 37, part of the process of parsing Game Exchange file includes comparing template files and
content files (the files containing the actual exported data) against each other to check for data errors. This pro-
cess, calledype checking, can reveal errors in the content data.

Template files best serve you the programmer as road maps to the data that you want your writer to extract and
convert. After reading this chapter, you'll have a much better understanding the structure of template files, and
how to make use of them in creating your writer.

CONTENT FILES

Content files contain the actual exported data in the format specified by the template files. These files describe the
various entities of an exported scene (for example, the 3D coordinates of an object’s vertices or the HSV values
for a material’'s diffuse color).

Content files can include the following file types:

CONTENT FILE TYPE FILE EXTENSION | FUNCTION
Game Animation Format .gaf Describes animation data for light objects, cameras, and 3D
objects.

The locations of these entities are described frame-by-frame. If
an object is composed of subobjects, the location of the parent
object is described first and is followed by the location of the
subobjects. Depending on the options you choose at export,
the locations of subobjects are described with respect to the
global origin or relative to the location of the parent object.

Game Object Format .gof Describes the transformation data for a single object. This object
may be a terminal object or a hierarchical object with several
subobjects.

Game Body Format .gbf Describes the topological data for a single object.

Game Environment File .gef Describes the environmental properties for an exported scene
(for example, fog color, fog position, etc.).

Game Material Format .gmf Describes the properties of materials and locally assigned object
attributes.

Game Skeleton Format .gsf Describes a single skeleton including its hierarchy, name, bones,

joints, descriptions of all base states, descriptions of each pose,
and listings of all hard and soft skin parts associated with each
bone. Any skins associated with the skeleton are exported as
objects and are described in associated GOF files.

Scene File List .arp Lists files which must be parsed together.

Game Light File glf Describes properties for all lights.

Game Camera File .gcf Describes camera properties.
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FILE RELATIONSHIPS

When content is exported in the Game Exchange format, the source application adds the appropriate references
between all content and template files to ensure that all the data is parsed together (you'll read more about parsing
in Chapter 3). The figure below summarizes the default references for Mirai. Keep in mind that if you’re exporting

from another application, your files may not have this exact structure. (See the ‘Fedtime on Embedded
Files,” on page 23).

Figure 2.1. Default GE file references for Mirai

gif
template
file

gbf gmf gsf
template template template
file file file

Figure 2.1 shows a GAF file (containing the exported scene’s animation data) and a GEF file (containing the ex-
ported scene’s environmental data), both of which reference the GRP file. The GRP file, in turn, references each
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of the exported scene’s data files (the GLF, GCF, and GOF content files). Note that there can be multiple content
files, depending on the content of the exported scene.

If a GOF file describes an object with an applied material, that GOF file references a GMF file. The GMF file in-
cludes data foall materials in the exported scene. A GOF file can also references a GBF file, which contains the
topological (body) data for an object, and a GSF file, which describes a skeleton. The GBF file can in turn refer-
ence the GMF file, if applicable. Multiple GOF and GBF files may share the same GMF file.

NOTE:  Each GAF, GEF, GLF, GCF, GOF, GBF, GSF and GMF file will have associated TPL
(template) files.

Let’s look at an example. Imagine that you are exporting a scene from Mirai called “world” with the following el-
ements:

» A sphere called “planet” with an applied material called “terra.”
* A skeleton called “earthling-skeleton.”
* An animation script that animates the skeleton, sphere, and camera.

A point light called “sun.”
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The output of the Game Exchange files from Mirai would resemble the diagram below:

Figure 2.2. Sample GE file output from Mirai.

world.grp

world.glf world.gcf sun.gof planet.gof

Notice that three GOF files are written out—one for the “planet” 3D object, one for the “sun” light object, and one
for the “earthling-skeleton” skeleton. All of these GOF files reference the same TPL file. The “planet” GOF also
references a GMF file, which describes the object’s applied materials, and a GBF file, which describes its transfor-
mation (body) data. The “sun” light references nothing other than the TPL file, since lights exported from Mirai
never have a body or a material. The “earthling skeleton” GOF references the GSF file, which describes the skele-
ton’s hierarchy, base states, poses, etc.

NOTE: Data for any light exported from Mirai will reside in two files: a GOF file, which
describes the light's transformation matrix, and a GLF file, which describes the proper-
ties of the light (for example, its color, brightness, etc.)



GAME EXCHANGE FILE FORMAT 23

A NOTE ON EMBEDDED FILES

While Mirai writes out each of the Game Exchange files separately (with appropriate references between them),
your source application may not. For example, Nendo writes out only one GOF file per export. All other files, in-
cluding content and template files, are embedded within this GOF file:

Figure 2.3. Nendo’s embedded file structure.

master gof file

gof template file

gof content file

gbf template file

gbf content file

gmf templatefile

gmf content file

This structure precludes the need for references between Game Exchange files.

GAME EXCHANGE FILE FORMAT

Both content and template files adhere to the same general format, which this section will explore in detail. The
discussion will explain the file format from the bottom up. You'll first learn about the basic building blocks of a
Game Exchange file-bype names, variable names, andvalues. Then you'll learn how these blocks can be com-
bined into larger structures, namelsclarations andinstantiations.

Three basic elements make up the data inside Game Exchange files:

» Type names, which specify a type or kind of data (for example, an integer or string).
 Variable names, which assign a name to the data.

 Values, which represent the data itself in the form of numbers, strings, booleans, etc.

The following sections discuss the usage and syntax of these elements in greater detail.
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TYPE NAMES

Type names are either built-in or custom (that is, defined by you). There are ten built-in type names, which are list-
ed in the table below, along with their default values and ranges, if applicable.

NOTE:  Type names are case sensitive.

BUILT-IN TYPE NAMES DEFAULT VALUE RANGE

float 0.0; 1038 - 10*38
integer 0; 231 _ 93144
string (empty) N/A
boolean false; True or False
vec2i 00; N/A

vec3i 000; N/A

vecdi 0000; N/A

vec2f 0.0 0.0; N/A

vec3f 0.00.00.0; N/A

vec4f 0.00.00.00.0; N/A

NOTE: The float values of NAN (not a number) and +/- infinity are not represented in Game
Exchange files. Attempting to parse these types of float values will result in unexpected
token error messages.

Y ou can aso create your own custom type names, though thisistypically not necessary if you are exporting from
N-World, Mirai, or Nendo. See Appendix B for more information on adding custom types.

VARIABLE NAMES AND VALUES

Variable names are typically written variable name. However, if you want to create a variable that will contain an
array, the variable name is written variable name[]. For example, the variable definition below creates an integer-
type variable called NOISE-LAYERS and assignsit a default value of one.

i nteger NO SE- LAYERS 1;
The sample below also defines an integer-type variable.
i nt eger REFRACT- MAP- SAMPLING LIM T [] <32; 256; >;

But this time, the variable is set up as a one-dimensional array, as indicated by the two closed-brackets (“[]") at the
end of the variable name. This array is assigned the integer values 32 and 256. Notice that angle brackets (“<>"
enclose the values of the array, and that a semi-colon follows each value of the array. As with all variable defini-
tions, a semi-colon ends the line.
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A NOTE ON RESERVED KEYWORDS

Before learning how to combine type name, variable names, and valuesinto larger structures, you should be aware
that certain keywords hold special meaning in Game Exchange and should not be used in the code you create. The
table below summarizes these reserved keywords. You'll recognize many of these keywords from the previous

discussion on type names.:

KEYWORD FUNCTION

extends Allows a template declaration to inherit attributes from another template declara-
tion. (See Appendix B for more information on using this keyword.)

properties Used in instantiations to specify additional properties for that instance. (See
Appendix B for more information on using this keyword.)

template Defines a template for a new composite type.

include Precedes a list of files that will be parsed after the current file.

float Built-in type name that specifies a floating point number for the value.

integer Built-in type name that specifies an integer for the value.

string Built-in type name that specifies the value is a character string.

boolean Built-in type name that specifies a value of true or false be returned.

vec?2i Built-in type name that uses 2D vector integers and gives directional and scalar
(quantity) information.

vecs3i Built-in type name that uses 3D vector integers and gives directional and scalar
(quantity) information.

vecdi Built-in type name that uses 4D vector integers and gives directional and scalar
(quantity) information.

vec2f Built-in type name that uses 2D vector floating point numbers and gives directional
and scalar (quantity) information.

vec3f Built-in type name that uses 3D vector floating point numbers and gives directional
and scalar (quantity) information.

vec4f Built-in type name that uses 4D vector floating point numbers and gives directional
and scalar (quantity) information.

__root@@ Built-in type name for implicit declaration and instantiation of root nodes.

DECLARATIONS

Together, types, variables, and optional values fdetharations. A declaration creates a nelata type that is
composed of one or more variable definitions. This data type doesn't contain any actual export values, only op-
tional default values. This new type provides a mold for exported data to fill.

Declarations compose the core of all template files. A sample declaration is shown below:
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keyword which begins every
declaration

’7 name of new type

tenpl ate face-part (
string nane "default";

)
L default value
variable name

variable type

This sample declaration creates a new type called face-part that is composed of a string-type variable with an as-
signed value of default.

Note these syntax rules for declarations:
* A declaration must begin with the keywaethplate.

« All variable definitions must be enclosed within parentheses (“()”). You can include as many variable defini-
tions as you like, butou cannot use duplicate variable names.

» Each variable definition must end with a semi-colon.

Below is another sample of a declaration. This one is slightly more complex than the previous example:
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keyword which begins every
declaration

type name

tenpl at e base-donai n (
vec3f DI FFUSE-COLOR 0.8 0.8 0. 8;
map TEXTURE- VAP,
vec3f SPECULAR-COLOR 0.0 0.0 0.0;
fl oat SPECULAR- EXPONENT 1. 0;
vec3f EM SSION-COLOR 0.0 0.0 0.0
float OPACITY 0. O0;
vec3f AMBIENT-COLOR 0.2 0.2 0.2

) L
default values

variable name

variable type

tenplate map (
string nane;
i nteger wi dth; integer height;
i nt eger numnber - of - channel s;
i nt eger bits-per-channel;

)

This sample shows that it is possible to reference one declaration from another. In the example, the line in the
base-domain declaration that begins with map references another declaration called map.

Creating such references between declarations has severa advantages. The primary advantage is that it enables
you to organize potentially large volumes of data hierarchically; that is, you can divide datainto asmany levels as
necessary (for example, declaration a references declaration b, which in turn, references declaration ¢). Y ou can
readily imagine the difficulties, if you could not create hierarchical levels. For example, if you were to export a
high resolution object that had thousands of faces and many displacements to a completely flat hierarchy, finding
the coordinates to a particular vertex would be very difficult and time-consuming.

Another advantage of cross-referencing declarationsis that you can share a single declaration among multiple
declarations. For example, imagine that you were creating a template in which several declarationsincluded a
common set of variable definitions. Y ou could simply repeat this set of variable definitionsin al of the declara-
tions. However, amore elegant solution would be to create a declaration that contained the common set of vari-
able definitions, then reference this declaration from every other declaration that required that set of variable
definitions.

27
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INSTANTIATIONS

Content files contain lists of instantiations. Earlier, we referred to declarations as molds. Y ou can think of instan-
tiations as the actua content for these molds. The format for an instantiation is derived from a declaration, but its
values are derived from the content of an exported scene or entity.

A sampleinstantiation is shown below:

’ type name

face-part (
nanme "outer-wall";

)
|— exported value

variable name

The format of the this sample was derived from the sample declaration given on page page 25. It includes the
same type name (face-part) and a string variable called name. Note, however, that its value is no longer “default.”
Instead, the valueuter-wall, which came from the content of the exported scene, has overwritten the default value.

Note that instantiations closely follow the syntax rules of declarations:
» An instantiation begins with the type name.
 All the variables and their values are enclosed within parentheses.

» Each variable line ends with a semi-colon.

THE RELATIONSHIP BETWEEN DECLARATIONS AND INSTANTIATIONS

The samples below will give you a better understanding of the relationship between declarations and instantia-
tions. First, look at the following declaration, from a GLF template file:

tenpl ate point-light (
string nane;
float brightness 0.5;
vec3f rgb 1.0 1.0 1.0;
vec3f position 0.0 10.0 0.0;
bool ean use-attenuation TRUE;
float radius 10.0;

)

As you can see, this declaration defines the format for exported point Figiht$ght is the type being created,
which is composed of several variable definitions for light properties such as brightness, color, position etc. De-
fault values are provided for most of the variables.

Now look at a corresponding instantiation, which is excerpted from the GLF content file:
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poi nt-1ight (
name "sun";
bri ght ness 2.0;
rgbh 1.0 0.6285714 0.6285714;
position 0.0 25.0 0.0;
use-attenuati on TRUE;
radi us 5.0;

)

The instantiation reflects the format of the declaration, but contains actual values from the exported scene, which
have overwritten the default values provided by the template. For example, the value for brightnessis now 2.0
rather than 0.5.

Multiple instantiations can reference the same declaration. For example, if you were to export two lights from a
scene, “sun” and “moon,” the resulting GLF content file would contain two instantiations for lights, both of which
would reference the same declaration in the GLF template file.

light lights (
point-lights[] <

(name "sun";
bri ght ness 2.0;
rgh 1.0 0.6285714 0.6285714;
position 0.0 25.0 0.0;
use-attenuation TRUE;
radius 5.0;)

(name "moon";
bri ghtness 1.0;
rgb 1.0 0.3285714 0.3285714;
position 0.0 25.0 0.0;
use-attenuati on TRUE;
radius 3.0;)>

)

Don’t worry for now, if the concepts of declaration and instantiation seem a little confusing. Their usage will be-
come clearer as you continue on in this chapter. For now, take a closer look at the internal structure of Game Ex-
change files.

GAME EXCHANGE FILE STRUCTURE

By now, you're better acquainted with Game Exchange file formats. This chapter will close by explaining how the
main elements, such as declarations and instantiations, are arranged within Game Exchange files. Remember tha
both content and template files both have the same basic structure.

Game Exchange files can have up to four sections:
» Header (mandatory)

* Include (optional)
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» Template Declaration (template files only)
» Template Instantiation (content files only)

The sections below clarify the structure and function of each section.

HEADER SECTION

Every Game Exchange file includebender. A header section identifies a file as being a Game Exchange output
file and includes versioning information that helps the writer determine how to parse the file.

Early versions of Nichimen applications write out header sections that look like this:

filetype gx;

version 2.03;
As you can see, this header section makes it clear that the file is a Game Exchange (“gx”) file and that it was gen-
erated using Game Exchange 2.03.

Later versions Nichimen applications writer out more detailed versioning information to each header section. For
example:
filetype gx;
Grammar Version 2.1.0.0;
Tenpl at eVersion 2.1.0.0;
Li braryVersion 2.1.0.0;
Host Nanme " Greenghost”;
User Nane " Poky Russell";
TineStanmp "1/2/99 2:34 pni;
OSNare "W ndows NT";
OSVersion "4.0 service pack 3";
ApplicationNane "Mrai";
ApplicationVersion "1.0.4.3";

NOTE: Theheader elementsthat appear in quotes above may have a slightly different format in
your output files depending on your source application.

In this later format, version numbers have four parts:
» The first number increments major changes to a system (for example, a complete redesign).

» The second number increments minor changes to a system; these changes don't affect the interface or core
functionality of the system.

» The third number increments the addition of features to the system.
» The fourth number increments bug fixes.

Version numbers are reported for Game Exchange parsing tables, template files, and library files. Making use of
this versioning information is fully explained in Appendix B.
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Note that the header also supplies the following information:
* The name of the computer from which the content was expadtéstdame)
» The user who exported the conteise(Name).
» The time at which the content was exporféirdeStamp).
* The operating system in useSflame).
* The version of the operating system in u@&/érsion).
» The name of the software package from which the content was exfrartkageName).

» The version of the software package from which the content was exRartkageVersion).

INCLUDE SECTION

As you read irFile Relationships on page 20, certain Game Exchange files must be parsed together. For example,
if you export an object that has an applied material, the GOF file that describes the object must be able to refer-
ence the GMF file that describes the material. Additionally, that same GOF file must be able to reference its TPL
file in order for Game Exchange to verify the integrity of the dataifidiede section makes such references pos-
sible by listing the files that must be parsed after the current file. If no other files need be parsed with this file, then
the include section is omitted.

You can see an example of an include section below, which was excerpted from a GOF file.

include "gof-2-03.tpl";

include "worl d. gnf";
The above section references a TPL file and a GMF content file, both of which are stored in the same directory as
the GOF file itself. These references ensure that the GOF file, its TPL file, and the GMF file will all be parsed to-
gether.

Typically, it's not necessary to modify the include section of a particular file as your source application creates the
appropriate references by default. It is possible, though, to modify an include section to group together any desired
set of files. For example, suppose that you wanted to parse the files from several exported scenes in one pass. Yo
could easily modify the include section of one of the scene’s GRP file so that it contained references to the GRP
files for the other scenes. For example:

i ncl ude "scene2. grp";
i ncl ude "scene3. grp";
i ncl ude "scene4. grp";
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TEMPLATE DECLARATION SECTION

With the exception of the GRP file, all Game Exchange content files either have an embedded template declara-

tion section or reference TPL files that include template declaration sections. Template declaration sections con-

tain one or more declaration statementsin the format described in Declarations on page 25. As mentioned earlier,
each declaration acts as a template for how a particular collection of data elements can be exported.

TEMPLATE INSTANTIATION SECTION

Template instantiation sections contain lists of instantiations in the format described in Instantiations on page 28.

Each of these instantiations contains exported data which conforms to the format defined in a corresponding dec-
laration.

EXAMPLES OF FILE STRUCTURE
Thefigures below show you how the header, include, declaration, and instantiation sections appear in a couple of

actual Game Exchange files. Figure 2.4 shows a GOF template file. Note that because the template file is merely
the template for data export, it includes a declaration section but not an instantiation section. Figure 2.5 shows the

32
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GOF content file. Asit embodies the actual scene datain the format specified by the template file, it includes an
instantiation section but not a declaration section.

Figure 2.4.. Sample GOF template file

header section

declaration section

— filetype gx;
Grammar Versi on 2. 1. beta.5;
Tenpl at eVersi on 2. 1. beta. 6;

tenpl ate gobj ect (

string nane;

vec4f matrix[] <1.0 0.0 0.0 0.0; 0.0 1.0 0.0 0.0; 0.0 0.0 1.0
0.0; 0.0 0.0 0.0 1.0;>

vec4f init-matrix[] <1.0 0.0 0.0 0.0; 0.0 1.0 0.0 0.0; 0.0 0.0
1.0 0.0; 0.0 0.0 0.0 1.0;>

vec3f boundi ng-box[];

string body;

gobj ect children[];

attached- bone attached-bone; # Attached Bone

L)

Figure 2.5. Sample GOF content file

header section

include section

instantiation
section

—filetype gx;

Granmmar Version 2.1.beta.5
Tenpl at eVersi on 2. 1. beta. 6;

Host Name " SNUFFY"

User Nane "jason";

Ti neStanmp "Wed 27-Cct-99, 4:24 pnt;
OSNarme "W ndows NT 4.00.1381";
ApplicationNane "Mrai";
L_ApplicationVersion "1.0.26.0 5351";
i nclude "gof-2-1-beta-6.tpl"
include "unnaned. gnf";

[ include "Pol yhedron 31. gbf"
gobj ect Cube (
name " Cube";
matrix[] <
1.0 0.0 0.0
0.0
1.0
. .0 0.0 >
boundi ng- box[] <-10.0 -10.0 -10.0;10.0 10.0 10.0; >
body " Pol yhedron-31"
)

0
0.0 1.0
0.0 0.0
0.0 0.0
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CHAPTER 3

PARSING

This chapter explains the process by which Game Exchange output files are
parsed into data structures.
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CHAPTER OVERVIEW

In this chapter, you'll learn:
» About parsing and data trees produced by parsing.

* About the general structure of data trees, including the kinds of nodes that compose them.

WHAT IS PARSING?

If you read the last chapter, you are now acquainted with the format of Game Exchange output files. Parsing is the
first step toward converting these files into a format that is readable by your target application. In the context of
Game Exchange, parsing means to convert one or more Game Exchange export fileseniitha geGapi class,

which you'll read about iThe geGapi Class on page 46, handles the parsing of the files for you. Once the class

has parsed the files into a data tree, your writer can traverse it and write out the appropriate data.

The tree generated by the geGapi class is composed of two types oftymelesies andcomposite nodes.
» Type nodes make up the leaves of the tree; they hold actual data values.

» Composite nodes make up the branches of the tree; they can connect with type nodes and other composite
nodes.

The following sections explain these nodes in a little more detail.

TYPE NODES

Types nodes, the leaves of a tree, are actually instancesgefyipeNode class, which is fully explained ifhe
geTypeNode Class on page 45. As the figure below shows, a type node consists of a variable navae b=
Names and Values on page 24), a type name ($&gme Exchange File Structure on page 29), and a single value
(for example, an integer or bool):

Figure 3.1. A type node.

coord variable name
vec3f ———typename
-10.0000

100000 ———value(9)
-10.0000

You'll design your writer to traverse down the tree to a desired type node and extract its values.
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CoMPOSITE NODES

Composite nodes are actually instances of the geCompositeNode class, which isfully explained in The geCompos-

iteNode Class on page 44. The elements of custom types and arrays become composite nodes when a GE filesis

parsed. Asthe figure below shows, a composite node can consist of a variable name, type name, and links to mul-

tiple type nodes and/or other composite nodes. In later chapters, we’'ll refer to all of the composite and type nodes
that are contained within a single composite nodecasposite node list.

Figure 3.2. A composite node.

vertices| — variable name
vertex | typename

type composite type composite type

Composite nodes make up all of the nodes on a tree, except for the terminal nodes. You'll design your writer to it-
erate over the various composite node that compose a tree in search of the data you want to write out.

A special list calledoot makes up the topmost node on a tree. The root node is not parsed from a GE output file;
rather, the parser inserts it into a tree in order to connect the top-level nodes of each GE output file. This allows for
a single tree for all content data and a single tree for all template data.

AN EXAMPLE OF PARSING

To actually parse a collection of GE files, you invoke functions which are part gé@api class (sedhe

geString Class on page 55). Parsing will produce two separate data trees, one based on the information within the
content files and another based on the information within the template files. As you'll igpe €hecking on

page 40, the template-based data tree is used to verify the integrity of the content-based data tree. You'll use the Ii
brary’s various functions to traverse the content data tree and write out the necessary data into a file or group of
files that is readable by your target application.

To give you a better idea of how the parsing process works, a sample tree is depicted on the following pages. Fig-
ure 3.3 shows the content file which was parsed, a GOF file. Figure 3.4 shows a graphical representation of the
content tree itself. A template data tree is not shown, but it is similar in structure, the main difference being that its
type nodes hold default values rather than actual values derived from the exported data.
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Figure 3.3. A sample GOF file.

filetype gx;
version 2.03;

include "gof-2-03.tpl";
i nclude "treehouse. gnf";

body Pol yhedron-13 (
vertices[] <

(coord -10.0000 -10.0000 10.0000 ; )
(coord -10.0000 10.0000 10.0000 ; )
(coord 10. 0000 10. 0000 10.0000 ; )
(coord 10. 0000 -10.0000 10.0000 ; )
(coord 10. 0000 -10.0000 -10.0000 ; )
(coord 10. 0000 10.0000 -10.0000 ; )
(coord -10.0000 10.0000 -10.0000 ; )
(coord -10.0000 -10.0000 -10.0000 ; )

>
faces[] <

(normal 0.000000 0.000000 1.00000 ;
vertex-indices[] <0;1;2;3;>)
(nornal 0.000000 0.000000 -1.00000
vertex-indices[] <4;5;6;7;>)
(normal 0.000000 1.00000 0.000000 ;
vertex-indices[] <1;6;5;2;>)
(normal 0.000000 -1.00000 0.000000
vertex-indices[] <7;0;3;4;>)
(nornmal 1.00000 0.000000 0.000000 ;
vertex-indices[] <3;2;5;4;>)
(nornmal -1.00000 0.000000 0.000000
vertex-indices[] <7;6;1;0;>)

>

)

gobj ect Cube (
name " Cube";
matrix[] <

boundi ng- box[] <
-10.0 -10.0 -10.0;
10.0 10.0 10.0
>
body " Pol yhedron-13";

)
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Figure 3.4. A sample data tree.
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While an actual datatree for the content of an exported scene will have the same hierarchy as the figure above,
keep in mind that it can be considerably more complex. An actual content data tree will include the data from all
GE content files. For example, the first levels of nodes under the root will include not just a body and gobject
node, but also nodes related to materials, skeletons, lights, etc.

An actual content data tree will also incorporate default values from the template files when no actual values exist
in the exported content. (For example, if the exported content did not include values for the specular or emission
colors of a material, the content data tree would use the template data tree’s default values for those properties.)

TYPE CHECKING

You'll recall that the GRP file for an exported scene contains references to all the other content files. This ensures
that all the content files are parsed together, resulting in a single tree for all the content data. You'll also recall that
parsing produces a second tree that is based on the template files. Part of the parsing process entails comparing tt
template and content trees against each other to check for data errors; this processypecctikstling. Type

checking reveals errors in content data such as duplicate variable names or unexpected values, such as a string
where an integer should appear. Any problems discovered during type checking are reported in error messages.
(See theGame Exchange Reference Guide for a full listing of possible error messages.)

PARSING TABLES

In order to properly parse export files, Game Exchange requires access to two tables. The first required table is
contained within a file calledversion info>.dfa (for examplege2_1 0_0.dfa), and the second is contained within a
file called<version info>.lIr (for examplege2_1_0_0.IIr).

Both of these files are included with the Game Exchange library. For parsing to occur, you must tell your writer
where to find the tables. There are two means of doing so:

1 Place these files in the same directory as the content files to be parsed.
_Or_

2 Using thesetTablePath method of the geGapi class, explicitly point the writer to the files by providing a path-
name to the director in which they are contained TdegeGapi Class on page 46).
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CHAPTER 4

USING THE GAME EXCHANGE LIBRARY CLASSES

This chapter briefly overviewsthe C++ classes used in the Game Exchange
library. Code samplesillustrate the primary uses for each class.
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CHAPTER OVERVIEW

In this chapter, you'll learn:
* Which classes are contained in the Game Exchange library.

* What each class is used for when creating a writer.

GAME EXCHANGE LIBRARY CLASSES

The Game Exchange Library contains several classes, each with a robust set of methods. These methods provide
you with most of the functionality you need to create your own writer.

The following preprocessor directive in the program file includes all the class definitions in the Game Exchange
library:

#i ncl ude "gegapi.h"

The table below lists and briefly describes each of the classes that are included in the Game Exchange library:

CLass NAME MAIN Uses

geAbstractNode Referencing geComposite and geTypenode classes (this is the base class to these
classes). Note that this class is not intended to be used directly—use geCompos-
iteNode or geTypeNode.

geCompositeNode Forming composite nodes on data trees.

geTypeNode Forming type nodes on data trees.

geGapi Parsing Game Exchange output files.

gelist Representing data as lists.

geVector Representing data as vectors.

gestring Representing data as strings.

geHash Adding and retrieving items from hash tables.

geAbstractlterator Traversing nodes on data trees. Note that this class is not intended to be used

directly—use gelistiterator or geHashliterator.

gelistlterator Traversing lists.

geHashliterator Traversing hash tables.
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The basic process for writing data involves first iterating to the right node on a data tree, then making a call to the
appropriate function or method to extract the data. Y ou use the CompositeNode class and the TypeNode class to
do this. Asyou begin to code your writer, keep in mind that instances of these two classes will probably constitute
itsbulk:

» The CompositeNode Class

An instance of the CompositeNode class gets you to the right node by creating and implementing iterators.
» The TypeNode Class

An instance of the TypeNode class checks a node by name, casts down to retrieve its value and writes out
the value to file.

This chapter provides an overview of all classes, and presents you with code samples that call methods from each
of the classes. These code samples address tasks which are common to most writers. Some of these samples are
excerpted from the sample writer that appears at the end of this manual (see Appendix A). Carefully analyzing
them will help you create your own writer.

This chapter does not discusb of the methods associated with the library’s classes. It merely discusses those
that are most commonly used. For a full description of each class and all of its associated methods, refer to the
Game Exchange Reference Guide.

THE GEABSTRACTNODE CLASS

You'll recall from the discussion in Chapter 3 that Game Exchange files are parsed into data trees composed of
type and composite nodes. Remember that type nodes are instances of the geTypeNode class and composite nodk
are instances of the geCompositeNode class. The geTypeNode and the geCompositeNode both publicly inherit
from the geAbstractNode class. This common base allows both geTypeNodes and geCompositeNodes to coexists
in the same list of geAbstractNode pointers. This also provides several common methods for every node in a tree.
For example, thgetName function is defined at the geAbstractNode level, so you can call this function on any
node.

USES

The geAbstractNode is a virtual class. The primary use of this class is to assist in traversing data trees with geAb-
stractNode pointers. The AbstractNode contains two metlgethame andgetType, that are vital for traversing

data trees. You can call these methods on any node for which you have an AbstractNode pointer. Depending on
the value that the method returns, you can determine what action the writer should perform next. For example, if
thegeType method returns “skeleton,” then you can send this node to the appropriate section of code in the writer
for dealing with skeletons. To use another examptgTifpe returns “vec3f’ andietName returns “diffuse color,”

then you might want to have the writer write out the color values.
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Another usage for geAbstractNode is worth mentioning: geAbstractNode pointers are very useful for holding lo-

cationsin the data tree. For example, if your writer isiterating over a body’s nodes and it encounters a material

which it will need to make use of later, you can have the writer store the material node’s location as a geCompos-
iteNode pointer. The sample below, excerpted from the sample writer in Appendix A, shows the geCompositeNo-
de class being used in this manner. This example stores pointers with one of three variables depending on the
name returned by thgetName method.

nodeName = (*first)->getName(}>—or——
getName method; returns the name of the

current node

if (nodeName == "vertex-indices") {
vertind = (*first);

} else if (nodeNane == "vertex-nornal -indices") {
normnd = (*first);

} else if (nodeName == "uv-indices") {

uvsl nd = (*first);

}

NOTE:  Thiscode sampleis part of a larger function, which uses an iterator to sequentially
access a whole series of nodes (see “The geListlterator Class,"on page 57 for more
information).

The following events occur in this sample.

1 ThenodeName variableis set equal to the name of the current node, then getName method is called to return
the name this node.

2 Theremaining lines check the name of the current node (which is stored as nodeName variable’s value)
against a series of names. If a match is found, the pointer to the current node is stored with a particular vari-
able (for example, if a node named “vertex-indices” is found, a pointer to it is storedénitidevariable).

Once the locations to the desired nodes have been stored as pointers, other parts of the code can perform actions
on the nodes to which the pointers point.

For a sample usage of thetType method, refer to the last code samplé&Tihe geList Class,"on page 48.

THE GECOMPOSITENODE CLASS
Instances of the geCompositeNode class form the composite nodes on data trees. This class inherits its base func-

tionality from the geAbstractNode class.

USES

The geCompositeNode class includes methods for adding and removing nodes to data trees which are useful when
constructing a reader. In constructing a writer, you'll typically use the geCompositeNode class to group elements.
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In order to extract data from a tree, you will frequently need to navigate across a composite node. To do so, you'll
use methods defined in the geListlterator class (which is referenced in the sample below as the childlterator).

The sample below, excerpted from the sample writer in Appendix A, shows an example of navigating through a
composite node callegrmals in order to write out a set of normals to a file:

voi d sinpleWiter::witeNornal s(geConpositeNode* nornals)

{
geConposi teNode: :childlterator first(*normals);
geConposi teNode: :childlterator last (*normals);
last.end();
vbQutFile << "Normal " << nornal s->get Chi | dNodeCount () << endl;
for (; first<last; first.increment()) witeNormal (*first);
}

Some of the methods employed in the this sample are defined in the geListlterator class, but we’ll discuss them in
this section because we are using them to traverse an instance of the geCompositeNode class. The following
events occur in this sample:

1 ThegeCompositeNode constructor creates two list iterators cafistdandast. (For now, just think of &ist
iterator as a means for traversing across the nodes in a list; you'll read more about itefetegeitistiter-
ator Class on page 57.) By default, these list iterators point to the first node in the list.

2 Theend method points thiast iterator to the end of the list of nodes.
3 ThegetChildNodeCount method determines number of nodes in the list. This number is then written to a file.

4 Finally theincrement method advances through the list of nodes until it reaches the final node. A function
calledwriteNormal (defined elsewhere in the sample writer) writes out the data encountered at each node to a
separate file.

THE GETYPENODE CLASS

Instances of the geTypeNode class form the leaf nodes on data trees. The geTypeNodes hold the actual data fron
your content files. For example, if you would use a geTypeNode to store the name of a particular body. This class

inherits its base functionality from the geAbstract node class. It is a templated class, meaning that you can use it to
work with values of any type (for example, floats, strings, integers, etc.).
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USES

The geTypeNode class contains methods for extracting these values from atree. The sample below, excerpted
from the sample writer in Appendix A, shows a process for extracting values from a type node. You'll notice that
casting must take place before values can be extracted.

void sinpleWiter::witeNornmal (geAbstractNode* normal)

{

geVect or <fl oat > vec(3);

geTypeNode<geVect or <f | oat > >* typeNode = NULL;
typeNode = (geTypeNode<geVect or<fl oat> >*)nornal ;
vec = typeNode->get Val ue( );\ getValue method; returns the values in the
form of a geVector (see “The geVector
vbQutFile << vec.getAt(0) << "," Class,” on page 52)
<< vec.getAt(1) << ","
<< vec.getAt(2) << endl;

The following events occur in this sample:

1
2

The first line passesgeAbstractNode pointer callechormal into a function calledriteNormal.

Next, thegeVector constructor creates a vector called of type float with a length of three.

The next lines perform the necessary casting so that data can be pulled from the type node at the abstract node le

el.

3
4

First, ageTypeNode pointer of the typgeVector is created and set to null.

Thenormal pointer is then cast to tlyeTypeNode pointer, which is templated for values of the type
geVector<float>.

With casting to the proper pointer complete, the sample usegstife#ue method to store values from the
type node into the vectoec.

Finally, the sample prints the results. These are extracted from the vector ugjetheethod (se&he
geVector Class on page 52).

THE GEGAPI CLASS

You primarily use the geGapi class to parse a set of Game Exchange export files into a data tree, then return the
root node from this tree. As all other Game Exchange classes perform operations on a parsed tree, your writer will
usually use the methods from the geGapi class before those of the other Game Exchange classes. Typically, you
use the methods of the class to set the appropriate parsing parameters. Next, you invoke the method that actually
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parses the tree. Finally, you invoke the method that returns the tree’s root node. After this point, you can begin to
use the other Game Exchange classes to traverse the tree and access the appropriate data.

The sample below, excerpted from the sample writer shown in Appendix B, shows you how to use the methods of
the geGapi class to open and parse a set of Game Exchange files. This code passes in the pathname (as a string)
a file for parsing. To understand the what’s happening, you should realize that the sample writer defines a class
calledsimpleWriter. Thegapi method below is an instance of the geGapi class that has been declared elsewhere as a
private member of thémpleWriter class:

bool simpleWiter::openGX2Fil e(geString geFile)
{

gapi . i gnor eWar ni ngs(true);
gapi . set Tabl esPat h(geString("g:\\tm"));
return (gapi.parse(geFile));

}
The following events occur in this sample:

1 The first line defines a method callepenGX2File that belongs to theémpleWriter class. This method will
return a value ofue if the files parse successfully afatie if they don't.

2 Next,ignoreWarnings, a method of the geGapi class, is setum meaning that no warning messages will be
printed to the screen.

3 Then thesetTablesPath method, another method of the geGapi class, defines the pathname to the tables
required for parsing. As discussed in Chapter 3, you'll need to include this method in your writer unless you
place the DFA and LLR files in the same directory as the as the content files which you are parsing.

4 Finally, gapi.parse, another method of the geGapi class, parses the files, returning a vialeeofalse
depending on the outcome.
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Parsing with the geGapi class only returns true on success and false on failure. Y our console will display morein-
formation on parsing as it occurs, including information on what files have been parsed and what errors, if any,
were encountered. For example, parsing a batch of files might produce the following output in your console.

Gane Exchange Library Version 2.1.0.0
Using tables located in: g:\tmp/
Par si ng cube. grp

I ncl udes
Par si ng materi al 1- cube. gof

I ncl udes
Parsing gof-2-1-beta-6.tp
Par si ng cube. gnf

I ncl udes
Parsing gnf-2-1-beta-6.tp
Par si ng Pol yhedron 105. gbf

I ncl udes

Parsing ghf-2-1-beta-6.tp

The file cube.gnf has al ready been parsed
Fi ni shed

THE GELIST CLASS

The geList classis atemplated class that includes various methods for building lists and extracting values from
them. Because it isatemplated class, you can use geList to work with lists that are comprised of values of any

type.

USES

Internally, the Game Exchange library uses the gelL.ist class to build the nodes of data trees during parsing. How-

ever, there are numerous tasks for which you may want to employ the gelist class. For example, you might use

gelList to list the coordinates of all of an object’s vertices, or you might use it to list all the names of all of the ma-
terials in a scene. A few code samples will illustrate some of the most commonly used methods of geList.

MAKING LiSTS AND ADDING/REMOVING ELEMENTS

The code sample below highlights the methods for adding elements to and removing elements from the beginning
of a list. It also shows how to declare and print the contents of a list.
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voi d exanpl e()

{
gelLi st<i nt> integerList;——— gelist declaration; definesa new list to be
composed of integers
i ntegerlList.addHead(1); addHead method; adds the integer “1” to
integerList.printList(); the begining of the list
! nteger L! st. addHead(2) ’ printList method; prints the current
i ntegerlList.addHead(3); contents of the list to screen
integerList.printList();
i ntegerList.renmveHead() removeHead method; removes the first
integerList.printList(); integer in the list
}
output
1
321
21

The following events occur in this sample:
1 The gelist constructor creates anew list, one composed of integer values.

2 TheaddHead method adds elements to the beginning of the list. (If you wanted to add an element to the end
of the list, you could employ the addTail method.)

3 The printlist method prints the current contents of the list to the screen (this method is most useful for debug-
ging purposes).

4 After two more integers are added to the beginning of the list, the removeHead method removes the first ele-
ment from thelist. (If you wanted to remove the last element in the list, you could use the removeTail method.)
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Now suppose that you need to insert an element not just at the beginning or end of alist but after or before a spe-
cific element in the list. The sample below illustrates how to do so by using an index number.

voi d exanpl e()
{

geLi st<geString> stringlist;

stringLi st.addHead(geString("wood"));
stringLi st.addHead(geString("leaf"));
stringLi st.addHead(geString("bark"));
stringList.printList();

stringList.insertAfter( 1, geString("stent));— insertAfter method; inserts “stem” string
stringList.printList(); after the second element in the list

stringList.insertBefore(1, geString("flower");—— insertBefore method; inserts the “flower”
stringList.printList(); string before the second element in the list

int index = stringList.getlndex(geString("leaf"));

stringlList.renmoveAt (i ndex); removeAt method; deletes the “leaf”
stringList.printList(); string from the list
}
output

bark | eaf wood

bark | eaf stem wood

bark flower |eaf stem wood
bark flower stem wood

The following events occur in this sample:
1 The gelist constructor creates a new list, which the addHead method populates with a series of strings.

2 After printing the contents of the list, the sample makes use of the insertAfter method to insert the stem string
after a specific element in the list. When using this method, you indicate the insertion point for the new ele-
ment by specifying the index number of the element that should precede the new element. In this example the
index is set to one. This means that the string “stem” should be inserted after the element with the index
number of one.

NOTE: Remember that C++ indexes begin at zero. Therefore, if you want to insert an element
after the second element in a list you must specify “1” as the index number, as the first
element of the list is actually indexed as “0.”

3 The printlist method prints the current contents of the list to the screen.

4  TheinsertBefore method shown in the sample works like InsertAfter, except that it inserts the string flower after
the index number “1.”
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The printList method prints the current contents of the list to the screen.

Finally, the sample uses the removeAt method to remove the leaf string from the list. When using this method,
you simply indicate the index number that corresponds to the element that you want to remove.

EXTRACTING ELEMENTS FROM LISTS

You've learned how to print the entire contents of a list usingrihteist command. The next code sample for the
gelList class will show you how to extract specific elements from a list.

voi d exanpl e()
{

geList<float> floatlList;

floatList.addHead(1. 2f);
floatList.addHead(2.3f);
floatList.addHead(3. 4f);
floatList.addHead(4.5f);
floatList.printList(); getHead method; extracts the first float

/ value fromthe list
cout << floatlList.getHead() << endlk;

cout << floatList.getTail () << end—————— getTail method;extracts the last float value

cout << floatlList.getAt(1l) << endl \ from the list
output getAt method; extracts the value with

index number “1” from the list

4.5 3.42.31.2
4.5

1.2
3.4

The following events occur in this sample:

1

2
3
4

Thegelist constructor creates a new list, which #delHead method populates with a series of floats.
The printList method prints the list's entire contents.
ThegetHead andgetTail methods extract the first and last values from the list.

Finally, thegetAt method extracts the value in the list which is indexed as “1.” Again, because C++ indexes
the list starting at zero, this results in the output of the second value in the list.
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Before leaving the geList class, take alook at one final code sample, this one taken from the sample writer in
Appendix A. Thisexampleiterates over acomposite node list. When it encounters as node of type gobject, it store
apointer to that node in alist. After it constructsthe list, it loops over the list, writing out its contents.

geString nodeType
for (; first <last; first.increment()) {
nodeType = (*first)->get Type();

if (nodeType == "gobject") {————————— testfor whether node is of the gobject type
gbj ect Li st. addTai | (*first); addTail method; appends pointers to

} “gobject” nodes to end of the list

for (int i =0; i < gbjectList.getCount(); i++) {

wr it eGlbj ect (gCbj ect Li st. get At (i))s—— getAt method; sequentially extracts the

} values from the list.

The following events occur in this sample:

1 The first lines set up a means of looping over the current composite node list. You'll learn more about this in
The geAbstractlterator Class on page 56).

2 The next lines determine whether a node is ofytiect type.

3 TheaddTail method, which you saw used in the previous examples, appends the pointers to those nodes that
are of the typ@object to the end of the list.

4 Once the list is compiled, tlgetAt method extracts each pointer from the list and calls/ite&Object
method, which is part of a class defined earlier in the writer. This method will write out the each element of
the list.

THE GEVECTOR CLASS

The geVector class is a templated class that includes methods for budctiorg and extracting values from

them. For Game Exchange purpose, vectors will typically store only a small set of data elements, usually a maxi-
mum of four, all of which are of a common type. Because geVector is a templated class, you can use it to work
with vectors that are comprised of values of any type.

USES

In graphics applications, a vector is ideal for uses such as storing and writing the Cartesian coordinates of a vertex,
the normal information for a face, or the transformational matrix data for a object. The following code samples
show some common uses for geVector.
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MAKING A VECTOR

The code sample below highlights methods for adding elements to a vector.

voi d exanpl e()
{
geVect or <f| oat > bbMax;

geVect or <f | oat > bbM n; geVector constructors; define two new

vectors to be composed of float values

bbMax. set Lengt h(3);
bbM n. set Lengt h(3); setLength constructors; enable each
' ' vector to hold three values

bbMax. set At (0, 10.0);
bbMax. set At (1, 10.0);
bbMax. set At (2, 10.0);

setAt methods; place valuesin the slots of
bbM n. set At (0, -10.0); each vector

bbM n. set At (1, -10.0);
bbM n. set At (2, -10.0);

bbMax. print(cout);

cout << .endl ; print methods; print the current
bbM n. print (cout); contents of each vector to screen

cout << endl;

output
10 10 10
-10 -10 -10

The following events occur in this sample;
1 The geVector constructor creates two new vectors, both composed of float values.

2 Next, the setLength constructor is used to set the length of each vector to three, meaning that each can hold
three values.

3 Next, the setAt method is used to fill each vector with values; each is placed in an indexed dot.

4 Finally, the print method is used to print out the contents of each vector to the screen.

EXTRACTING DATA FROM A VECTOR

Asthe following example demonstrates, the geVector class aso includes methods for extracting values from vec-

tors. The example shows the construction of a vector, then the retrieval and printing of the vector’s values. In de-
signing your writer, you'll only have to concern yourself with the retrieval of vector values, as the vectors
themselves will be produced during parsing.
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voi d runExanpl e()
{

geTypeNode<geVect or <f | oat > > aVect or;— geTypeNode constructor;creates new type
geVect or <f| oat > vec(3); node

vec.setAt (0, 1.0);
vec.setAt (1, 2.0);
vec.setAt (2, 3.0);

aVect or. set Val ue(vec);

exanpl e( &aVect or) ;

voi d exanpl e( geConposi t eNode* node)
{

geVect or <f | oat > vec;

geTypeNode<geVect or <f | oat > >* typeNode = NULL;
typeNode = (geTypeNode<geVect or<fl oat> >*)node;
vec = typeNode->get Val ue();

for (unsigned int i = 0; i < vec.getLength(); i++)
cout << vec.getAt(i) << " ";———— getAt method; extracts valuesfromthe
cout << endl; vector according to index number
}
output
123

The following events occur in the runExample function:
1 First, the geTypeNode constructor creates a type node called aVector of the type geVector.
2 Next, the geVector constructor creates a three-element vector called vec of the type float.
3 Thenext lines use the setAt method (described above) to fill vec with the values 1.0, 2.0, and 3.0.
4 Then setValue, amethod of the geTypeNode class, sets the value of the node to equal that of the vector vec.

With the vector created and val ues assigned, the remaining portion of the sampl e extracts the values by calling the
example function.

5 ThegeVector constructor creates a vector called vec of the type float.

The next lines perform the necessary casting to extract the data from the type node and place it in avector. You
saw asimilar example in The geTypeNode Class on page 45.

54
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6 ThegeTypeNode constructor creates a geTypeNode pointer of the type geVector and setsit to null.

7 Thenode pointer isthen cast to the geTypeNode pointer, which is templated for values of the type geV-
ector<float>.

8 With casting to the proper pointer complete, the next line uses the getAt method to load values from the type
node into the vec vector.

9 Thefinal lines set up aloop from O to length of vector. Asthe loop proceeds, the getAt method extracts each
value from the vector, which is then output to the screen.

THE GESTRING CLASS

The geString class provides you with methods for working with information that is stored as strings, such as ob-
ject names, pathnames, and so forth.

USES

With these methods you can format strings (such as converting a string to UPPERCA SE) and perform decision-
making operations (such as determining whether avariable is equal to a particular string value). In doing so, you
can compare instances of the geString class against C strings or against other instances of the geString class. The
sample below, taken from the sample writer in Appendix A, shows a similar operation, which is very common in
the design of awriter. This portion of the writer iterates over acomposite nodelist. Asit hits on anode that match-
esagiven name, it stores a pointer to that nodein avariable. (Y ou may recall seeing avery similar examplein The
geAbstractNode Class on page 43.)

geString nodeNane;
for (; first<last; first.increment()) {
nodeNane = (*first)->get Nane()

if (nodeName == "vertices") {
vertices = (*first)

} else if (nodeNanme == "nornal s") {
normals = (*first);

} else if (nodeName == "uv-array") {
uvs = (*first);

} else if (nodeNane == "faces") {
faces = (*first);

} else if (nodeName == "material") {
bodymat = (*first);

}

The following events occur in this sample;

55
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1 Thefirst line declares an instance of the geString class called nodeName.

2 Thenext line iterates over a composite node (see The gelListiterator Class on page 57 for more information
on iterators).

3 For each node encountered, the next line sets nodeName equal to the name of the node.

4 Theremaining lines make comparisons between nodeName and a series of C strings. If amatch isfound, then
apointer to the matching node is stored in a corresponding variable. For example, if anode called normal is
found, then a pointer to it is stored in avariable called normals.

THE GEABSTRACTITERATOR CLASS

You use iterators to sequentially access specific datain a structure (for example, alist). The geAbstractiterator
contains al of the base methods for iteration. In addition, the Game Exchange library contain three additional
classesrelated to iteration, all of which inherit their base functionality from the geAbstractlterator class:

» The gelistlterator class contains the methods for iterating over instances of the geList clHssgads-
titerator Class on page 57).

» The geHashlterator class contains the methods for iterating over Hash tablé® @atash Class on
page 58 for more information).

» The geNulllterator contains the methods for iterating over the empty set of a type node.

Of these three classes, the geListlterator class is most frequently employed when creating a writer, so it will be the
focus of the following discussion on iterators. Once you understand the how this class works, you'll find it very
easy to employ the methods of the geHashlterator class.

The geNulllterator only exists for cases when your writer is on a type node, but doesn't yet recognize it as a type
node and attempts to iterate over it. Since type nodes cannot have child nodes, it's impossible to iterate over a type
node, and the class simply exits your writer from the iteration loop.

You should also be aware that there are other means of traversing trees in addition to iterators. You can, for exam
ple, use the gelList class to traverse both regular lists (witlietAemethod) and composite node lists (with the
getChildNode method). Recognize, however, that it will take longer to traverse a structure with a method of the ge-
List class than it would with an iterator. This is due to the fact that list are implemented as linked lists, so in order
to get to a particular position, the writer must start from the beginning of the structure each time (geList methods
have no memory). Iterators, on the other hand, keep track of their position, allowing for sequential access to list
members or child nodes.
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THE GELISTITERATOR CLASS

The geListiterator classinherits from the geAbstractlterator class and contains methods designed for traversing
lists constructed using the gelL.ist class. For most traversals, whether of alist or a hash table, you create two itera-
tors, the first of which marks the beginning of the traversal sequence and the second of which marks the end.

TRAVERSING LISTS CREATED FROM GELIST

The sample below shows the construction and traversal of an instance of geL.ist.

voi d exanpl e()

{
gelLi st<i nt> myLi st;

nmyLi st. addHead(1);
nmyLi st . addHead(2);
myLi st . addHead( 3) ;
myLi st . addHead(4) ;
myLi st . addHead(5) ;

gelistlterator<int> first(&nmyList);———————— gelistiterator constructor; createsan iter-
geListlterator<int> | ast(&myList); ator called “first” of the type “int.”

first. begin();
last.end();

for (; first < last; first.increment()) {
cout << (*first) << " ",

}

}

output

54321

The following events occur in this sample:

1
2

First, the gelList constructor creates alist called myList that is designed to hold integers.

Next, a series of addHead methods, part of the gelList class, build the list by appending a sequence of integers
toits head.

Then the gelListiterator constructor creates two iterators called first and last.

The begin and end methods, part of the geAbstractlterator class, set thefirst iterator to the first element in the
list and the last iterator to one past the last element.
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5 Thelast line de-references the first iterator, sequentially returning each itemin thelist.

TRAVERSING COMPOSITE NODES

The main use of iteratorsis to traverse composite node lists. Game Exchange provides some help for doing soin
the form of child and parent iterators. Child iterators are instances of the geAbstractNodeChildlterator, and parent
iterators are instances of the geAbstractNodeParentlterator. These are both templated classes that inherit their
functionality from the geListlterator. Y ou use them by passing them a pointer to a composite node, and they re-
spond by creating an iterator for traversing the children of that node.

Thefollowing declaration from the Game Exchange library makes the use of child iterators over composite nodes
possible;

typedef geAbstract NodeChil dlterator<geAbstract Node*> childlterator;

Since this declaration has aready been made for you, you need only add aline like the following to your writer in
order to make an iterator for a composite node list:

geConposi teNode: :childlterator first(*vertices);

In this case, the result would be an iterator called first that iterates over al of the children of the composite node ver-
tices. You could then call al of the base methods of the geAbstractlterator class on thisiterator (for example, be-
gin, end, increment, €tc.)

Y ou can also make child and parent iterators for type nodes, but as discussed on page 56 thiswill simply result in
ageNulllterator because type nodes have no child nodes over which to iterate.

THE GEHASH CLASS

The geHash Class provides you with the functionality for building and extracting from hash tables. Hash tables al-
low you to store a large number of elements, then rapidly retrieve any number of those elements. An entry in a
hash table is composed of two elements:

» A key, which is a value of any type (for example, an integer or string) that uniquely identifies the entry.
» An item, which is the data element which you wish to store (for example, an integer, a string, or a pointer).

When building a hash table, you supply both a key and an item for each entry. When accessing an entry, you typi-
cally supply the key and the item is returned.

The great advantage to using hash tables is the speed with which they can return items. Because each item has &
unigue identifier, data retrieval from a hash table is typically much faster than data retrieval from an array or list.

Another advantage of using hash tables is that they spare you the chore of writing look-up code. When using a list,
for example, you have to write code the code responsible for traversing a list in search of a certain item. With a
hash table this is not necessary; you simply extract an item by looking up its key.
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The following example shows you how to build and retrieve items from a hash table.

voi d exanpl e()
{

geHash<geString, geString> mat | nages; geHash constructor; creates a hash
geString hashVal ue: tablecalled “matimages” with keys
’ and items of the type”geString.”

mat | mages. setltem(geStri ng("wood"), geString("/barkl. bm"));

mat | mages. setltem(geString(“leaf"), geString("/maplel. bnp")getitem method; makes an entry in
the hash table composed of a

mat | mages. | ookUp(geString("leaf"), hashval ue); ;:’g?nOd” key and a */bark1.bmp"
cout << "The bitmap used for leaf is " '
<< hashVal ue << endl;

mat | mages. get At (0, hashVal ue); lookUp method; the variable“hash-

" ; ; ; " Value" is set to the value from the
cout << "The first bitmap is hash table with the “leaf” key.
<< hashVal ue << endl;

geHash method; the variable“hash-

Value" is set to the value from the

hash table with the index number
output “gr

The bitmap used for leaf is /maplel. bmp
The first bitmap is /barkl. bnp

The following events occur in this sample:
1 Thefirst line creates a hash table called matimages; the keys and items for this table will both be strings.
2 Thesecond line creates an instance of the gesString class called hashvalue.

3 Thenext two lines use the setitem method of the geHashlterator classto create entries for the hash table. The
first entry has the string wood asits key and the string /barkl.bmp asitsitem. The second entry has the string
leaf asits key and the string /maplel.bmp asitsitem.

Next, the sample retrieves the entries.
4  ThelookUp method retrieves the item with the leaf key and sets the variable hashValue equal to thisitem.
5 Thenext lines output thisitem.

6 The getAt method shows you an alternate method for retrieving an entry. With this method, an index number
is supplied (in this case, “0") and the corresponding value is returned (in this case, the first entry in the hash
table.)

7 The last lines output the item.
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Before leaving the geHash class, take alook at the following code sample from the sample writer in Appendix A.

geHash< geString, geConpositeNode* > bodyHash;
geHash< geString, geConpositeNode* > materi al Hash;

if (nodeType == "gobject") {
gObj ect Li st.addTai |l (*first);
} else if (nodeType == "body") {
bodyHash. setlten((*first)->getNanme(), (*first));
} else if (nodeType == "material") {
mat eri al Hash. setltem((*first)->getName(), (*first));
}

geConposi t eNode* body = NULL;
if (!bodyHash. | ookUp(bodyNanme, body)) exit(-2);
wri t eBody( body);

The following events occur in this sample:
1 Thefirst two lines create two hash tables, the types for which are strings and the items for which are pointers.
2 Thenext lines store elements encountered in a composite node differently based on type.
« If the node is of the typgobject, a pointer to the node is appended to a list.

« If the node is of the typleody, a pointer to it is stored as a hash table item, the key to which is the string
name of the node.

« If the node is of the typeaterial, a pointer to it is stored as a hash table item, the key to which is the string
name of the node.

NOTE:  Inthe samplewriter, only pointers to materials and polyhedral bodies are stored in
hash tables. You'll find that it is most convenient to hash any items which you want to
quickly be able to reference later. For example, if you know that you will eventually
need to retrieve a material called “red,” use a hash table. On the other hand, if you
know that you will eventually want to retrieve an entire collection of items (for example,
all “gobjects”), use a list instead.

3 Thenext line creates an CompositeNode pointer that will eventually hold the location of a polyhedral body.
For now, it is set to null.

4  Thenext line usesthe lookUp method to find the item in the bodyHashash table with the key bodyName. The
variable body is set equal to the result. If the operation fails, the program exits.
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5 Thelast line callsthe writeBody function (defined elsewhere in the writer) which will go out and write the
body information to afile.



GAME EXCHANGE LIBRARY CLASSES 62



N

nichimen

GRAPHIC S

CHAPTER 5

ANATOMY OF A WRITER

This chapter describes the anatomy of a basic writer, using a sample writer
called Smple Writer as an example.
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CHAPTER OVERVIEW

In this chapter, you'll learn how to get started on the process of creating your own writer by performing the fol-
lowing tasks:

* Building the sample writer (called Simple Writer) which is included on the Game Exchange installation CD.
* Running the Simple Writer on a sample set of data files (also included on the installation CD).

 Analyzing the results of Simple Writer’s output.

* Modifying Simple Writer’s code in order to introduce some new functionality.

» Looking carefully at the construction and functionality of the Simple Writer.

CODING WRITERS

There is no uniform process for coding a writer. The functionality of your writer will vary tremendously depend-

ing on your target application. For this reason, we cannot provide you with step-by-step instructions for coding

your writer. Instead, we've taken the approach of providing you with a sample writer called Simple Writer. We'll
use this writer in discussing how to build a writer, but it can also serve you as design model for your own writer.
You may even find that you can use Simple Writer's code as the foundation for your own writer, which you can
freely modify and add functionality to in order to suit your needs.

WORKING WITH SIMPLE WRITER’S FILES

Y ou can see a printout of the code for the Simple Writer in Appendix A. You can find the actua filesfor Simple
Writer on the Game Exchange installation CD inside the samplewriter/build/ directory.

Inside the /samples directory you'll also find some sample export data from Mirai.

This chapter will ask you to load and work with these files. First, you'll build the writer for your platform, then
you'll run it in order to convert some sample data and analyze the results. After performing a simple modification
to Simple Writer, you'll tear into its innards in order to learn more about its construction.

BUILDING SIMPLE WRITER

Follow the instructions below to build Simple Writer on the platform of your choice. These instructions assume
that you've already installed the Game Exchange library. If you haven't yet, refertadhe file on the accom-
panying installation CD.
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ON THE NT PLATFORM

To build Simple Writer using Visual C++ (version 5.0 or higher) onthe NT platform:
1 Open up the sample writer workspace. To do so:

* In Visual C++, click orfile>Open Workspace, navigate taamplewriter/build/simple.dsw, and click theDpen
button. The sample writer’s files appear in the workspace.

2 Click onBuild>Build or press F7 to create an executable. You'll run this executable later in this chapter.

ON THE IRIX PLATFORM

To build Simple Writer using SGI C++ (version 6.2 or higher) on the Irix platform:
1 Navigate tamplewriter/build.
2 Now make the executable.
» For an 032 compilation, typeake -f makefile -032.

» For an n32 compilation, typeake.

3 The resulting executable will appear in thmplewriter/bin directory. You'll run this executable later in this
chapter.

NOTE:  For new builds, you can type make -f makefile -032 clean (for 032) or make clean (for
n32) to remove all object files.

RUNNING SIMPLE WRITER

Now you're ready to run Simple Writer.

ON THE NT PLATFORM

To run the writer using Visual C++ (version 5.0 or higher):
1 Click onProject>Settings.

2 On the left-side of the dialog box that appears, click once asriple directory (this should be the top-level
directory).

3 Click on theDebug tab. You'll see two fields calledlorking directory andProgram arguments.
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» The first field contains the pathname to the parent directory of the export file that you want to convert (for
example,./../samples). By default, this field displays the pathname tostimeples directory, which contains
Game Exchange’s sample data. If for some reason this field does not dispaydbedirectory, type in
the correct pathname to this directory relative to your current location.

» The second field lets you specify the file that you want to convert (the input file) and the file name to which
you wish to direct the converted data (the output file). Tybe.gof test.sim into this file. This specifies
cube.gof as the input filandtest.sim as the output file.

NOTE:  If you wanted to parse the data for the entire scene, you would specify the GRP file (for
example, cube.grp).

Click the Ok button to close the Project Settings dialog box.

Click onBuild>Execute to run Simple Writer.

ON THE IRIX PLATFORM

To build the writer using SGI C++ (version 6.2 or higher):

1

Navigate t@wampleWriter/bin/sgi63.You'll see the executable for the n32 or the 032 build that you created
above.

TypesimpleWriter ../../../samples/cube/cube.gof test.sim to the to run the sample writer.

* The first pathname in this command specifiesciiie.gof file as the file which you wish to convert (the
input file).

» The second pathname specifiesssim as the file to which you wish to direct the converted data (the output
file).

NOTE:  If you wanted to parse the data for the entire scene, you would specify the GRP file (for
example, cube.grp).

Press RETURN to run the writer.

NOTE:  If you experience any problems building or running Smple Writer, please contact
Nichimen Support by calling 310-577-0500 or sending e-mail to
support@nichimen.com.

ANALYZING THE OUTPUT DATA

Now you're ready to compare the input files to the output generated by Simple Writer.

* In the editor of your choice, open Igpmples/polyhedron_14.gbf and/samples/test.sim.
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NOTE:  You may be wondering why we are asking you to open up Polyhedron_14.gbf rather than
cube.gof, which was the file you specified as the input file above. Remember that the
GOF file references the GBF file, so in running the Smple Writer above you converted
the data from both files. We’ll work with the GBF file in this section because it contains
the topological data for the object, which is of the most interest for comparing input to
output.

Figure 5.1 and Figure 5.2 below show you the contents of these two files. (Note that we added line numbersto the
printouts for easy referencing.)

Figure 5.1 . Theinput data from/samples.

1 filetype gx;

2 GammarVersion 2.1. beta. 4;

3 Tenpl ateVersion 2. 1. beta. 4;

4 Host Nanme " SNAGGLEPUSS";

5 UserNanme "lsmth";

6 TimeStanp "Wed 29- Sep-99, 1:50 pnt
7 OSNane "W ndows NT 4.00.1381";

8 ApplicationName "Mrai";

9 ApplicationVersion "1-0-23-0";

11 include "gbf-2-1-beta-4.tpl";
12 include "Cube.gnf"

14 body Pol yhedron-14 (
15 vertices[] < (coord -10.0000 -10.0000 10.0000 ; )

16 (coord -10.0000 10. 0000 10.0000 ; )
17 (coord 10. 0000 10. 0000 10.0000 ; )
18 (coord 10. 0000 -10.0000 10.0000 ; )
19 (coord 10. 0000 -10.0000 -10.0000 ; )
20 (coord 10. 0000 10. 0000 -10.0000 ; )
21 (coord -10.0000 10. 0000 -10.0000 ; )
22 (coord -10.0000 -10.0000 -10.0000 ; )>
23 faces[] < (normal 0.000000 0.000000 1.00000

24 vertex-indices[] <0;2;3;>

25 vertex-normal -indi ces[] <O0;0;0; >

26 uv-indices[] <0;1;2;>)

27 (normal 0.000000 0.000000 -1.00000
28 vertex-indices[] <4;6;7;>

29 vertex-nornmal -indi ces[] <1;1;1;>

30 uv-indices[] <2;3;0;>)

31 (normal 0.000000 1.00000 0.000000

32 vertex-indices[] <1;5;2;>

33 vertex-nornmal -indi ces[] <2;2;2;>

34 uv-indices[] <3;1;1;>)

35 (normal 0.000000 -1.00000 0.000000
36 vertex-indices[] <7;0;3;>

37 vertex-normal -indi ces[] <1;3;0;>

38 uv-indices[] <3;3;1;>)

39 (normal 1.00000 0.000000 0.000000
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40 vertex-indices[] <3;5;4;>

41 vertex-normal -indi ces[] <O0;4;4;>
42 uv-indices[] <0;3;0;> )

43 (normal -1.00000 0.000000 0.000000
44 vertex-indices[] <7;6;1;>

45 vertex-nornmal -indi ces[] <1;5;5;>
46 uv-indices[] <0;3;3;>)

47 (normal -1.00000 0.000000 0.000000
48 vertex-indices[] <7;1;0;>

49 vertex-normal -indi ces[] <1;5;6;>
50 uv-indices[] <0;3;0;>)

51 (normal 1.00000 0. 000000 0.000000 ;
52 vertex-indices[] <5;3;2;>

53 vertex-normal -indi ces[] <7;0;2;>
54 uv-indices[] <3;0;3;>)

55 (normal 0.000000 -1.00000 0.000000
56 vertex-indices[] <7;3;4;>

57 vertex-nornmal -indi ces[] <1;0;4,; >
58 uv-indices[] <3;1;1;>)

59 (normal 0.000000 1.00000 0.000000
60 vertex-indices[] <5;1;6;>

61 vertex-normal -indi ces[] <8;5;8;>
62 uv-indices[] <1;3;3;>)

63 (normal 0.000000 0.000000 -1.00000
64 vertex-indices[] <6;4;5;>

65 vertex-normal -indi ces[] <8;4;9;>
66 uv-indices[] <3;2;1;>)

67 (normal 0.000000 0.000000 1.00000 ;
68 vertex-indices[] <2;0;1;>

69 vertex-nornal -indi ces[] <2;6;5;>
70 uv-indices[] <1;0;3;>) >

71 normal s[] < 0.577350 -0.577350 0.577350

72 -0.577350 -0.577350 -0.577350

73 0.577350 0.577350 0.577350 ;

74 0.577350 -0.577350 0.577350 ;

75 0.577350 -0.577350 -0.577350

76 -0.577350 0.577350 0.577350 ;

77 -0.577350 -0.577350 0.577350

78 0.577350 0.577350 0.577350 ;

79 -0.577350 0.577350 -0.577350

80 0.577350 0.577350 -0.577350 ; >
81 uv-array[] < (uv[] < 0.000000; 1.00000;> )

82 (uv[] < 1.00000; 0.000000; > )

83 (uv[] < 1.00000; 1. 00000; > )

84 (uv[] < 0.000000; 0.000000; > ) >
85 mat erial "Cube_l ocal";

86 )

Figure 5.2 . The output data (polyhedron_14.gbf).

1 Sinple format test.sim
2 version 0.9
3



w0 ~NoObh

9
10
11
12
13
14

Start Pol yhedron- 14
Di ffuse Col or 0.224853, 0.224853, 0.638095

Vertex 8
-10,-10, 10
-10, 10, 10
10, 10, 10
10, - 10, 10
10, - 10, -10
10, 10, -10
-10, 10, -10
-10,-10,-10

ANALYZING THE OUTPUT DATA

15 Normal 10

16 0.57735,-0.57735,0.57735
17 -0.57735,-0.57735, -0. 57735
18 0.57735,0.57735,0.57735
19 0.57735,-0.57735,0.57735
20 0.57735,-0.57735,-0.57735
21 -0.57735,0.57735, 0. 57735
22 -0.57735,-0.57735,0.57735
23 0.57735, 0.57735, 0. 57735
24 -0.57735,0.57735,-0.57735
25 0.57735,0.57735, -0. 57735

26 W 4

27 0,1

28 1,0

29 1,1

30 0,0

31 Face 12

32 0,2,3,0000,1,2
33 4,6,7,1,1,1,2,3,0
34 1,5,2,2,2,2,3,1,1
357,0,3,1,3,0,3,3,1
36 3,5,4,0,4,4,0,3,0
37 7,6,1,1,5,5,0,3,3
38 7,1,0,1,5,6,0,3,0
39 5,3,2,7,0,2,3,0,3
40 7,3,4,1,0,4,3,1,1
41 5,1,6,8,5,8,1,3,3
42 6,4,5,8,4,9,3,2,1
43 2,0,1,2,6,5,1,0,3
44 End Pol yhedron- 14

Before comparing thesefilesin detail, keep in mind that Simple Writer is not afully-functional writer. It issimply
meant to provide you with aframework for creating your own writer. It writes out afictitious format that only sup-
portslimited data for materials (diffuse color only), vertices, normals, UV's, and faces. Simple Writer also requires
that exported objects be composed exclusively of triangulated faces, and it offers very limited error messaging.

Y ou can see the data for materials, vertices, normal, UVs and faces in the output file:

 Line 5 shows the data for materials (in the form of RGB values).

69

* Lines 6 through 14 show the data for vertices (in the form of Cartesian coordinates for each vertex).
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* Lines 14 through 24 show the data for normals (in the form of a normalized vectors).
* Lines 26 though 30 show the data for UVs.

 Lines 31 through 43 show the data for faces. The first three numbers of each line represent indices to a
face’s vertices. The middle three numbers of each line represent indices to the vertex normals of the face.
The last three number represent indices to the UVS of each vertex of the face.

You can easily see the correspondences between the input and output data. For example, look at lines 15 througt
22 of the input file. You can see that each of these lines is an array containing the Cartesian coordinates for each
vertex on the object. When Simple Writer parsed the file, it wrote these values to the appropriate section of the
output file.

DECONSTRUCTING THE WRITER

Now that you've built and run Simple Writer, you're ready to take a closer look at its code. As you delve into the
code in this section, remember again that Simple Writer has very limited functionality. As mentioned above, it
only supports limited data for materials, vertices, normals, UVs, and faces. Although it will suffice as a founda-
tion, your own writer is likely to evolve into something of considerably more complexity.

Most of the functionality for Simple Writer is contained within a class caittggeWriter. ThesimpleWriter class in-
cludes just two public methods, one for parsing GE files and one for writing out data to a file.

The class also contains numerous private methods which are designed to iterate over nodes of a specific type anc
write out the data contained therein. For example, the class includes a private methadite&ietes which is

designed to iterate over nodes of the tygtex. This method then calls another method calletdVertex which

actually writes out the vertex data. You'll explore these methods in greater d@talSmple.cpp File on page

71.

Three separate files contain the code for the Simple Writer
A file calledsimple.h defines thaimpleWriter class.
* A file calledsimple.cpp includes the implementation of tkimpleWriter class.

* A file calledsimpleMain.cpp, a very small main program, makes an instance afnipieWriter class and
calls the class’ two methods.

The following sections discuss the contents of each of these files in greater detail. In Appendix A, you'll find a
printout of each of these files. Each line of the printout is numbered, so that you can refer to specific sections of
the code as you read the discussion below.



DECONSTRUCTING THE WRITER 71

THE SIMPLE.H FILE

First, let's look at theimple.h file. We've already stated that most of the Simple Writer’s functionality is contained
within thesimpleWriter class. Theimple.h file declares the members of this class. (As you'll read below these mem-
bers’ functionality is defined in thsmple.cpp file.)

Look at the printout of this file on page 85. You can see that lines 35 through 48 declare the public methods for the
class. These include:

* TheopenGX2Fie method, which parse a Game Exchange file.
* Thewrte method, which writes out the converted data to a file.

Lines 50 through 59 declare the private methods of the class. The functionality of these classes is described in de:
tail below.

Notice that line 51 declares an instance of the geGapi class. Elsewhere, the code will use this instance to parse the
input file and get the root node.

Finally, look at lines 56 through 58. Line 56 defines an instance of the geList class, which will be used to store
pointers to nodes at the object level of the tree. Lines 57 and 58 define instances of the geHash class. These two
hash tables will store pointers to nodes at the body and material levels of the tree. (Remember earlier we said that
you typically use hash tables to store data to which you require ready reference later. For the Simple Writer, these
two node types are the only ones that warrant using a hash tablégdjHash instance is indexed according to

the name of the body, and tinaterialHash instance is indexed according to the name of the part to which a materi-

al is applied.

THE SIMPLEMAIN.CPP FILE

This is a very simple main program. As you can see from lines 37 through 38, the program requires that a user pro-
vide two arguments when executing Simple Writer. The first argument is a pathname to the input file to be con-
verted; the second is a pathname for the output file. If the user fails to provide the two arguments, the program
generates an error message. Otherwise, the program proceeds by calling the two public methardglef ke

class.

THE SIMPLE.CPP FILE

Thesimple.cpp file contains the meat of the Simple Writer code. Herein, all of the methodssinfileriter class
are defined. For example, the lines beginning 40 definepresX2File method which is designed to actually
parse the input file.

If you jump to line 366, you can see the definition of the other public metkited,Look over this code to gain a
better understanding of this method. In general terms, this method is defined to iterate over the first level of inferi-
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or nodes and store the nodes of the type gobject in alist and nodes of the type body and material in separate hash
tables. Finally, the method leaves off by calling writeObject, one of the private methods.

Rather than dissecting the functionality of each of these private methods, let’'s discuss them in general terms. For
each category of data that is supported (for example, vertices or UVs), two methods are defined. The first of these
methods is responsible for iterating across the nodes of a list; the second is responsible for actually writing out the
data. In the case ¢dces, for example, a method calledteFaces iterates across the nodes of thee type, while

a method calledriteFace actually writes out the data to a file. These private methods call each other in succession
in order to write out all categories of data that the Simple Writer supports. The figure below show the order in
which these methods call each other.

' ' '

Figure 5.3 Sequence by which methods are called in Smple Writer
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This series of method calls steps down the tree node level by node level. At each level, the relevant method iter-
ates across the node whileits partner method writes out the data. This process may be easier to grasp if you look at
the figure below, which isa simpler version of the tree you saw back in Chapter 3.

Figure 5.4. Methods which operate on the various levels of a data tree.

root

writeBody method instantiafion
iterates over and I |
writesout the nodes at
this level polyhedron-13
body
writeVertices method
iterates over it | |
s subordinate nodes vertices writeFaces method iterates Taces
- " vartex over its subordinate nodes oo
_—— .
writeVertex method writeFace method T
writes out data from i _ writes out data from [ |
each subordinate type vertices e vertices each subordinate type faces e
node vertex vertex node Tace
[
SN e |
vecat normal vertex-indices
integer
-10.0000 -10.0000 vecf

-10.0000 -10.0000
10.0000 10.0000

0.000000
0.000000
1.000000

=== (=

The figure above shows a portion of the general process by which Simple Writer traverses the tree and writes out
data. The write method iterates over and writes out the data for the nodes directly under the root node. It then calls
writeVertices and writeFaces (aswell aswriteMaterials, writeNormals, and writeUVs, which are not shown on the figure).
Each of these methods then iterate over their subordinate type nodes. For each node, they call a partner method
(for example, writeFaces calls writeFace) to handle the output of the data.

This system of partner methods works well for extracting data from relatively simple structures, but in coding
your writer, you'll have to consider how you will handle extraction from other structures as well. For example,
you may need to design functions to extract data from:

* single type nodes
* single composite nodes

» entire branches of a tree
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MODIFYING SIMPLE WRITER

You'll recall from the discussion above that Simple Writer only supports one attribute for materials (diffuse col-
or). Suppose that you wanted to modify SimpleWriter to provide more support for materials. For example, say that

you wanted to add the necessary functionality for writing out all pathnames to the texture maps that have been as:

signed in the base domain. This section shows you how you would do so. By following this example carefully,
you'll have a clearer idea of how to begin modifying Simple Writer to support your target format.

1 The first thing that you need to do is look in the GMF template to find out where the pathnames to texture
maps are stored. Scanning over this template, you see the following snippet of code:

tenpl ate Base-domain (
vec3f DI FFUSE-COLOR 0.8 0.8 0.8;
map TEXTURE- VAP;
vec3f SPECULAR-COLOR 0.0 0.0 0.0;
fl oat SPECULAR- EXPONENT 1. 0;
vec3f EM SSION-COLOR 0.0 0.0 0.0;
float OPACITY 1.0;
vec3f AMBI ENT-COLOR 0.2 0.2 0. 2;

If you want, you can look this section up for yourself by opening the GMF template file that is includegim the
ples directory of the installation CD.

When this file is parsed, the variable declaratioTBGIURE-MAP will become a node callgaXTURE-MAP. This tells
you that you that the writer will eventually need to find a node in the data tree TEXMUBEIMAP.

2 Inthe same GMF file, skip to the template declaration fontdqetype. You'll see the following:

tenplate map (

string nane;

integer width; integer height;
)

Remember when we talked backTemplate Declaration Section on page 32 about structuring template declara-
tions hierarchically? This is just such an example. After parsing, this declaration will form a child nodéxo the
TURE-MAP node. So, now you know that once the writer has arrived @BE-MAP node, it will have to traverse
downward to find th@ame node and extract the pathname to the texture map file from there.
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3 You can more clearly see the manner in which the datais structured by looking in the sample content file
(samples/Cube.gmf).

Base (
DI FFUSE- COLOR 0. 22485265 0.2248526 0. 63809526;
SPECULAR-COLOR 0.0 0.0 0.0; data element that you
EM SSI ON-COLOR 0.0 0.0 0.0;) want to extract

TEXTURE- MAP (
nane "inmage_1.tif™";
wi dt h 256;
hei ght 256;))

From the Base node level, the writer needs to find the TEXTURE-MAP node, and from the TEXTURE-MAP node it needs to
find the name node. Once there, the writer can extract and write out the data.

Now that you've determined where the data resides, you're ready to make the necessary code modifications to
Simple Writer.

4 First you'll need to modify the function that writes the base domain. (You could also incorporate this new
functionality into its own function, but for the sake of simplicity, just add it to the existing function.) You can
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find the relevant portion of the code in the simple.cpp file (which islocated in simplewriter/src directory of the
installation CD). It looks like this:

kkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhkhkhkhkhkhkhkhkhhhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkkkkkkkx*x
/1l witeMaterial
/'l purpose: This function will wite out the nane of the texture file.
void sinpleWiter::witeMterial (geConposi t eNode* bodyMateri al)
{

geConposi teNode: : childlterator first(*bodyMaterial);

geConposi teNode: : childlterator |ast (*bodyMaterial);

last.end();

for (; first <last; first.increment()) {
if ((*first)->getName() == "Base") {
geConposi teNode: :childlterator firstBase(**first);
geConposi teNode: : childlterator |astBase (**first);
| ast Base. end() ;

for (; firstBase < |astBase; firstBase.increment()) {
if ((*firstBase)->getNane() == "Dl FFUSE- COLCR") {
geVect or <f| oat > di ffuse(3);
di ffuse = ((geTypeNode<geVector<fl oat >

>*) (*firstBase))->get Val ue();
simpleQutFile << "Diffuse Color "
<< diffuse.getAt(0) << ", "
<< diffuse.getAt (1) << ", "
<< diffuse.getAt(2) << endl;

1 <«—— insert new code here

The code shows that an iterator already exists for traversing the Base nodes child nodes in search of the DIFFUSE-
COLOR node. Y ou can easily modify this code to search for the TEXTURE-MAP node by adding the following lines at
the position in the code designated above:

if ((*firstBase)->get Nane() == "TEXTURE-MVAP") {
}
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5 Thelines above take care of the search, but once the writer has found the TEXTURE-MAP node, it needs the capa-

bility to iterate over the children of the node. Just below the new lines you added above, insert the following
highlighted code to create the iterator:

if ((*firstBase)->getNane() == "TEXTURE- MAP") {

}

geConposi teNode: : chil dlterator firstTextureMap(**firstBase),
geConposi teNode: : chil dl terator |astTextureMap (**firstBase),
| ast Text ureMap. end() ;

for (; firstTextureMap < | ast TextureMap, firstTexturehMap.increnent()) {
}

6 During theiteration, the writer needs to be able to search for the name node. Appending the following high-
lighted line of code will take care of this functionality.

if ((*firstBase)->getNanme() == "TEXTURE- MAP") {

geConposi teNode: :childlterator firstTextureMap(**firstBase);
geConposi teNode: :childlterator |astTextureMap (**firstBase);
| ast Text ur eMap. end() ;

for (; firstTextureMap < | ast TextureMap;
firstTextureMap.increnment()) {
if ((*firstTexturehMap)->get Nane() == "nane") {
}
}

7 When thewriter findsthe right node, it needsto cast down to atype node that holds a string in order to extract
itsvalue. The following highlighted code lines will handle the casting:

if ((*firstBase)->getNanme() == "TEXTURE- MAP") {

geConposi teNode: : childlterator firstTextureMap(**firstBase);
geConposi teNode: :childlterator |astTextureMap (**firstBase);
| ast Text ur eMap. end() ;

for (; firstTextureMap < | ast TextureMap;
firstTextureMap.increnment()) {
if ((*firstTextureMap)->getNanme() == "nane") {
geTypeNode<geSt ri ng>* hol dText ure;
hol dTexture = (geTypeNode<geString>*)(*first TexturehMap);
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8 Now withjust afew last modifications, the writer can easily get the value, verify it isnot empty, and write out
the pathname:

if ((*firstBase)->getNanme() == "TEXTURE- MAP") {
geConposi t eNode: : childlterator firstTextureMap(**firstBase);
geConposi teNode: : childlterator |astTextureMap (**firstBase);
| ast Text ur eMap. end() ;

for (; firstTextureMap < | ast Text ureMap;
firstTextureMap.increment()) {
if ((*firstTextureMap)->getName() == "nane") {
geTypeNode<geStri ng>* hol dTexture;
hol dTexture = (geTypeNode<geString>*) (*firstTextureMp);
geString textureMap = hol dText ure->get Val ue();
if (textureMap = "") {

sinpleQutFile << "Texture Map " << textureMap <<
endl ;

}

You've seen from this exercise that it is relatively simple to add support materials. By the same general process,
you could add support for other data elements.
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CHAPTER 6

CONCLUSION

This chapter concludes this manual by reviewing what you've learned and
providing you with some suggestions for getting started on your own writer.
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REVIEW

This manual has provided you with a good overview of the workings of Game Exchange:
* You're now familiar with how the Game Exchange format and library fit into a data conversion pipeline.

* You now have a detailed knowledge of the Game Exchange format—the files it produces and their internal
structure.

* You understand how Game Exchange files are parsed into data trees.

* You possess a basic knowledge of the classes contained within the Game Exchange library and how their
methods can be employed to search for, reformat, and write out desired data.

 Finally, you're acquainted with the design behind a sample writer, which can serve as a foundation for your own
writer.

GETTING STARTED ON YOUR OWN WRITER

You're now ready to start working with Game Exchange at ground level. This manual will conclude with a few
suggestions for getting started on your own Game Exchange writer.

® BROWSE THROUGH THE GAME EXCHANGE REFERENCE GUIDE

You've been introduced in this manual to some of the most commonly used methods for each Game Exchange li-
brary class. However, there are many more methods which we did not discuss. These are all thoroughly cata-
logued in thesame Exchange Reference Guide. Become as familiar as possible with all the methods of each class to
avoid needlessly coding functionality that already exists.

® CAREFULLY ANALYZE THE TEMPLATES

When you feel that you have an adequate knowledge of the Game Exchange library’s classes, you're ready to be-
gin the process of coding your own writer. You may find it helpful to start by exporting a sample scene from your
source application in the Game Exchange format, then printing out all of the template files. Next, mark up the data
that requires conversion into your target format. Marking each data element will make it much easier to build into
your writer the appropriate searches for node names on the parsed data tree.

® NOTE ALL REQUIRED CONVERSIONS

As you isolate data elements for conversion, pay special attention to the export conventions for each data element.
For example, Mirai writes all angles in degree units, but your target application may require radians. You'll need
to code the appropriate conversions into your writer.
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® |NTEGRATE THE COMMONLY USED CLASSES

Aslearned in Chapter 4, the basic process for writing data involves first iterating to the right node on a data tree,
then making acall to the appropriate function or method to extract the data. Y ou use the CompositeNode class and
the TypeNode class to do this. As you begin to code your writer, keep in mind that instances of these two classes
will probably constitute its bulk:
» The CompositeNode Class
An instance of the CompositeNode class gets you to the right node by creating and implementing iterators.
You saw an instance of the CompositeNode class bafeigeCompositeNode Class on page 44.
* The TypeNode Class

An instance of the TypeNode class checks a node by name, casts down to retrieve its value and writes out
the value to file. You saw an example of the TypeNode class bdtle geTypeNode Class on page 45.
® USE HASH TABLES FOR STORING DATA SETS FROM WHICH YOU REQUIRE RAPID RETRIEVAL
Using hash tables in your writer can greatly speed up data extraction. Therefore, you'll want to use them to store
any data items which can easily be mapped to a key (such as, skeletal joints, polyhedral bodies, or materials).
® \WHEN TESTING, OUTPUT THE RESULT OF EACH STOP OF AN ITERATION

As you're testing your writer, you may find it helpful to print out the current location of your writer in the data
tree. Use thgetType andgetName methods in the manner describede geAbstractNode Class on page 43 to
find out the name or type of the current node, then output the result to the screen.
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SIMPLE WRITER CODE

This appendix contains the code for the Smple Witer.
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SIMPLE WRITER CODE

Three separate files contain the code for the Simple Writer
A file calledsimple.h defines a class callaithpleWriter.

* A file calledsimple.cpp includes the implementation of the claisgpleWriter. (ThesimpleWriter class encom-
passes most of the functionality of the Simple Writer writer.)

* A file calledsimpleMain.cpp, a very small main program, makes an instance afnipieWriter class and
calls the classes two methods.

You can findsimple.h on the Game Exchange installation in dhwplewriter/include directory, andimple.cpp and
simpleMain.cpp in thesimplewriter/src directory.

This appendix contains a printout of each of these files. For your convenience, each line of code in these printouts
is numbered.



SIMPLE.H 85

SIMPLE.H

/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1

#i

L R R R R R R R R R R

** (c¢) Copyright 1999 Nichinmen Corporation. Al rights reserved.

The software, data, and information contained herein are proprietary
to, and conprise valuable trade secrets of, N chinmen Corporation,
whi ch intends to keep such software, data, and information confidential
and to preserve themas trade secrets. They are given in confidence by
Ni chi men Corporation pursuant to a witten |license agreenent, and may
be used, copied, transmtted, and stored only in accordance with the
terms of such license.

RESTRI CTED RI GHTS LEGEND

Use, duplication, and disclosure by the Government are subject to
restrictions as set forth in subdivision (c)(1)(ii) of the Rights in
Trademark Data and Conputer Software Cl ause at FAR 52.227-7013.

Ni chi men Cor porati on
Ni honbashi 3-11-1,
Chuo- ku, Tokyo
Japan

R R R R R R R R

fndef _SI MPLEWRI TER_H

#define _SI MPLEWRI TER H

#i ncl ude "gegapi . h"

#i ncl ude <fstream h>

class sinpleWiter

{

public:
bool openGX2Fil e(geString geFile);
void wite (geString sinpleFile);

private:

void witeHeader(geString fil enane);

void witeBody (geConposi t eNode* body);
void witeVertice (geConpositeNode* vertice);
void witeVertex (geConpositeNode* vertex);
void witeNormals (geConpositeNode* nornmals);
void witeNormal (geConpositeNode* nornal);
void witeUvs (geConposi t eNode* uvs);
void witeUv (geConposi t eNode* uv);

void witeFaces (geConposi t eNode* faces);
void witeFace (geConposi t eNode* face);
void witeMterial (geConpositeNode* material);
void witeGject (geConpositeNode* glbject);
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private:
geGapi gapi ;
geString inFile;
geString outFile;
of stream si npl eQut Fi | e;

gelLi st < geConposi t eNode* > goj ect Li st ;

geHash< geString, geConpositeNode* > bodyHash;

geHash< geString, geConpositeNode* > materi al Hash;
b

#endif // _SI MPLEMR TER H
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SIMPLE.CPP

I

// IR R R RS S S EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]
/1 ** (c) Copyright 1999 N chimen Corporation. Al rights reserved.

I

/1 The software, data, and information contained herein are proprietary
/1 to, and conprise valuable trade secrets of, N chimen Corporation,

/1 which intends to keep such software, data, and information confidential
/1 and to preserve them as trade secrets. They are given in confidence by
/1 Nichinen Corporation pursuant to a witten |license agreenent, and nay
/1 be used, copied, transmtted, and stored only in accordance with the

/1 terms of such license.

I
/1 RESTRI CTED RI GHTS LEGEND
I Use, duplication, and disclosure by the Government are subject to

/'l restrictions as set forth in subdivision (c)(1)(ii) of the Rights in
/1 Trademark Data and Conputer Software C ause at FAR 52.227-7013.

I/

I Ni chi men Cor porati on

/1 Ni honbashi 3-11-1,

11 Chuo- ku, Tokyo

11 Japan

I

// IR R R RS S S SRS S S SRS S SRS EESEEREEREEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEE]
I

/'l SinmpleWiter.cpp
/'l Purpose: SinpleWiter was created to provide a sinple exanple of witing

11 files to a target format fromthe Gane Exchange format using
I the Gane Exchange library.

/1

/1 Date: 8/26/99

/'l By: Ismith

/'l Notes:

/1 The format witten to is an inmmginary sinple(sim format.

#i ncl ude "sinple.h"
#i ncl ude <stdlib. h>

[ ] KKk kKR ok kK dok K ok ok ke Kk K ok ok ke Kk K ok ok ok Kk R ok ok kR Rk ok Kk Rk kK K Rk Rk kR R Rk kK kK

/'l openGX2Fil e
/'l purpose: To open and parse the Gane Exchange files. These are the

11 standard calls used to open a Gane Exchange file.
bool sinmpleWiter::openGX2File(geString geFile)
{

gapi . i gnor eVar ni ngs(true);
/1 gapi.setTabl esPat h(geString("g:\\tmp"));
return (gapi.parse((char *)geFile.asChar()));

}



// LR R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEE SRR

Il writeVertex
/] purpose: Take a vertex node pointer list and wite the vertex to the

11 output file. The first node holds the actual vertex.
void sinpleWiter::witeVertex (geConpositeNode* vertex)
{

geVect or<fl oat > vec(3);

vec = ((geTypeNode<geVect or<fl oat> >*) (vertex->get Chil dNode(0)))->get Val ue();
sinpleQutFile << vec.getAt(0) << ","
<< vec.getAt(1) << ","
<< vec.getAt(2) << endl;

}

ISR R R EE AR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE R

/Il witeVertice
/1 purpose: This function takes a pointer to a node which has the list of

11 vertice, then calls the witeVertex function on each vertex nodes.
void sinpleWiter::witeVertice(geConpositeNode* vertice)
{

geConposi teNode: : childlterator first(*vertice);
geConposi teNode: : childlterator last (*vertice);
last.end();

/Il Wite format information to the file
sinpleQutFile << "Vertex " << vertice->get Chil dNodeCount () << endl;

/1 lterate through the list and wite each vertex
for (; first<last; first.increnment())
writeVertex( (geConpositeNode*)(*first) );
}

IS EEEE LR R RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER

/1 writeNornal
/'l purpose: This function takes a pointer to a normal node and wite the

I information fromit to the file.
void sinpleWiter::witeNornal (geConpositeNode* normal)
{

geVect or<f| oat > vec(3);

vec = ((geTypeNode<geVect or<fl oat> >*)normal)->get Val ue();
simpleQutFile << vec.getAt(0) << ","
<< vec.getAt(1) << ","

<< vec.getAt(2) << endl;

}

// LR EEEEEEEEE SRS EE SR E RS EEEEEEEEEEEEEEEEE R EEEEEEEEEEEEEEEEE]

/1 writeNornals

/'l purpose: Iterates over a list of normals calling the function that wites
I/ each normal out.

voi d sinpleWiter::witeNornal s(geConpositeNode* nornal s)

{
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geConposi teNode: : childlterator first(*normals);
geConposi teNode: : childlterator last (*normals);
last.end();

/1 wite Normal header to file
sinmpleQutFile << "Normal " << nornmal s->get Chi | dNodeCount () << endl;

/] iterate through the list and wite each vertex
for (; first<last; first.increment())
writeNornmal ( (geConpositeNode*)(*first) );

}

// LR R R R R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEE R R

Il witeUW/
/'l purpose: Takes a UV node and wites a single UV to file.
void sinpleWiter::witeUV(geConpositeNode* uv)
{
geConposi t eNode* t heUv = (geConpositeNode*)uv->get Chi | dNode(O0);

float u = ((geTypeNode<fl oat>*) (t heUV->get Chi | dNode(0))) - >get Val ue();
float v = ((geTypeNode<fl| oat >*) (t heUV->get Chi | dNode(1))) - >get Val ue();

sinpleQutFile << u << "," << v << endl;
}
// LR R R R R R R R R
Il writeUVs
/'l purpose: Wite the UV header and iterates over the list and calls
/1 the function that wites the UV to the file.
voi d sinpleWiter::witeUVs(geConpositeNode* uvs)
{

geConposi teNode: : childlterator first(*uvs);
geConposi teNode: : childlterator |ast (*uvs);
last.end();

/1 output WY header information
simpleQutFile << "UV " << uvs->get Chi |l dNodeCount () << endl;

/] iterate through the list and wite each vertex
for (; first<last; first.increment())
witeW( (geConpositeNode*)(*first) );

}

// EEEEEEEEEEEEE RS RS E R EEEEEEEEEEEEEEE R R R

/1 witeFace
/'l purpose: This function wites a face out. For this sinple exanple, we

11 are assumng that all faces are triangles and then we are

11 witing out the vertice index, the normal index, and then the
I WV i ndex.

void sinpleWiter::witeFace(geConpositeNode* face)

{

geConposi t eNode* vert|nd NULL;
geConposi t eNode* norm nd = NULL;
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geConposi t eNode* uvsl nd = NULL;

/'l fromthe face level find the vertex Index, normal Index, uv |ndex
geConposi teNode: : childlterator first(*face);

geConpositeNode: : childlterator |ast (*face);

last.end();

/1 store all of the nodes

geString nodeNane;

for (; first<last; first.increment()) {
nodeName = (*first)->get Nane();

if (nodeNanme == "vertex-indices") {
vertlnd = (geConpositeNode*)(*first);

} else if (nodeName == "vertex-nornmal -indices") {
norm nd = (geConpositeNode*)(*first);

} else if (nodeName == "uv-indices") {
uvsl nd = (geConpositeNode*) (*first);

}

}

if ((vertind !'= NULL) && (vertlnd->getChil dNodeCount() > 0)) {
sinpl eQutFile << ((geTypeNode<i nteger>*) (vertl| nd->get Chil dNode(0))) - >get Val ue()
<< "t
<< ((geTypeNode<i nt eger>*) (vert | nd->get Chi | dNode(1))) - >get Val ue()
<< v n
<< ((geTypeNode<i nt eger>*) (vert| nd->get Chi | dNode(2)))->get Val ue();
}

if ((normnd !'= NULL) && (norm nd->get Chil dNodeCount () > 0)) {
sinpleQutFile << ", "
<< ((geTypeNode<i nt eger >*) (norm nd- >get Chi | dNode(0))) - >get Val ue()
<< "t
<< ((geTypeNode<i nt eger >*) (norm nd- >get Chi | dNode(1))) - >get Val ue()
<< vn
<< ((geTypeNode<i nt eger >*) (nor m nd- >get Chi | dNode(2))) - >get Val ue();
}

if ((uvslind !'= NULL) && (uvslnd->get Chil dNodeCount() > 0)) {
sinpleQutFile << ", "
<< ((geTypeNode<i nt eger >*) (uvsl nd- >get Chi | dNode(0))) - >get Val ue()
<< " "

<< ((geTypeNode<i nt eger >*) (uvsl nd- >get Chi | dNode(1))) - >get Val ue()
cc mom

<< ((geTypeNode<i nt eger>*) (uvsl nd- >get Chi | dNode(2))) - >get Val ue();
}

sinpl eQutFile << endl;
}

[ ] KEEEA KKK KK KKK KKKk KRR KKK KR KK KKK KRR KKk kAR Rk k ok kR Rk ok ok ok kR Rk ok ok ok kR k ok ok ok kK

/'l writeFaces



/'l purpose: Wite face header then iterate over faces and call the function
11 that wites each one out.
void sinpleWiter::witeFaces(geConpositeNode* faces)
{
geConposi teNode: : childlterator first(*faces);
geConposi teNode: : childlterator |ast (*faces);
last.end();

sinmpleQutFile << "Face " << faces->get Chil dNodeCount () << endl;

/] iterate through the list and wite each vertex
for (; first<last; first.increment())
writeFace( (geConpositeNode*)(*first) );

}

// LR R R R R R R RS EEEEEE RS RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESE]

/1 witeMaterial
/'l purpose: This function will wite out the name of the texture file.
void sinpleWiter::witeMterial (geConposi t eNode* bodyMaterial)
{
geConposi teNode: : childlterator first(*bodyMaterial);
geConposi teNode: : childlterator |ast (*bodyMaterial);
last.end();

for (; first <last; first.increment()) {
if ((*first)->getNane() == "Base") {
geConposi teNode: : childlterator firstBase(**first);
geConposi teNode: : childlterator |astBase (**first);
| ast Base. end() ;

for (; firstBase < |astBase; firstBase.increnent()) {
if ((*firstBase)->getNanme() == "DI FFUSE- COLOR') {
geVect or<fl oat > di ffuse(3);

di ffuse = ((geTypeNode<geVector<float > >*)(*firstBase))->getVal ue();

sinpleQutFile << "Diffuse Color "
<< diffuse.getAt(0) << ", "
<< diffuse.getAt(1) << ", "
<< diffuse.getAt(2) << endl;

[ ] KKK kKR Kk koK K ok ok kK Kk ok kK Kk ok o Kk R ok ok kR Rk ok Kk Rk kK R Rk Rk kR R Rk kR ok kR Rk

/1 writeBody
/'l purpose: This function will go through the body and (hash)hold the

/1 i mportant nodes (faces, vertices, nornals, and uvs). Then it
I will call the function that wites each out.

voi d sinpleWiter::witeBody(geConpositeNode* body)

{

geConposi t eNode* vertice = NULL;
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geConposi t eNode* normals = NULL;
geConposi t eNode* uvs = NULL;
geConposi t eNode* faces = NULL;
geConposi t eNode* bodymat = NULL;

/1l fromthe body level find the vertex, face, normal, and uv arrays.

/'l save the material

geConposi teNode: : childlterator first(*body);
geConposi teNode: : childlterator |ast (*body);
last.end();

/1 store all of the nodes

geString nodeNane;

for (; first<last; first.increment()) {
nodeName = (*first)->getName();

if (nodeNanme == "vertices") {
vertice = (geConpositeNode*)(*first);
} else if (nodeName == "nornals") {
normal s = (geConpositeNode*) (*first);
} else if (nodeNanme == "uv-array") {
uvs = (geConpositeNode*) (*first);
} else if (nodeName == "faces") {
faces = (geConpositeNode*) (*first);
} else if (nodeName == "material") {
bodynmat = (geConpositeNode*) (*first);

}

/1l Check for elenents and if they are there, wite them
if (bodymat != NULL) {
geString nat Name = ((geTypeNode<geString>*)bodymat) - >get Val ue();
if (matName !'="") {
geConposi t eNode* mat eri al ;
if (!material Hash. | ookUp(nmat Nanme, material)) exit(-1);
witeMaterial (material);
}
}

if ((vertice !'= NULL) && (vertice->getChil dNodeCount() != 0)) {
witeVertice(vertice);

} else {
cerr << "Warning, no vertex information found" << endl;

}

if ((normals != NULL) && (nornmals->getChil dNodeCount() != 0)) {
writ eNor mal s(normal s) ;

} else {
cerr << "Warning, no normal information found" << endl;

}

if ((uvs I'= NULL) && (uvs->get Chil dNodeCount() != 0)) {

Al so
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witeUVs(uvs);
} else {
cerr << "Warning, no uv information found" << endl;

}

if ((faces !'= NULL) && (faces->getChildNodeCount() !'= 0)) {
writeFaces(faces);
} else {
cerr << "Warning, no face information found" << endl;
}
}

// kkhkkhkkhkkhkkhkhkhkhkhhhkhkhkhkhkhkhkhkhkhhkhhhhkhhhhhhkhhhhhhhhhhhhkhkhkhhkrkdkdkhkdkdk kA kA A kXX xxxxx %%
/'l writeGObject

/'l purpose: This function takes a pointer to a GObject and wites it.
void sinpleWiter::witeGject(geConpositeNode* gbject)

{
geConposi t eNode* gObj ect Body = NULL;
/1 find body and material for object
geConposi teNode: : childlterator first(*gObject);
geConposi teNode: : childlterator last (*gObject);
last.end();
geString nodeType;
/] store all of the nodes that we need
for (; first <last; first.increnent()) {
nodeType = (*first)->get Nane();
if (nodeType == "body") {
gbj ect Body = (geConpositeNode*) (*first);
}
}
/1 1ook up and wite the body
if (gObjectBody = NULL) {
geString bodyName = ((geTypeNode<geString>*)gObj ect Body) - >get Val ue();
if (bodyName !'= "") {
geConposi t eNode* body = NULL;
if (!bodyHash.| ookUp(bodyNane, body)) exit(-2);
sinpleQutFile << "Start " << bodyNane << endl;
wri t eBody( body) ;
sinpleQutFile << "End " << bodyNanme << endl;
} else {
/1 body nane null
exit(-3);
}
}
}

IR E R EE R R R R EEEE R EEEEEE R EEEEEEEEEEE R EEEEEEEEEEE SRR

/'l writeHeader



SIMPLE.CPP 94

/] purpose: Wites the header information
void sinpleWiter::witeHeader(geString fil enane)

{

sinpleQutFile << "Sinple format " << filenane << endl;

sinpl eQutFile << "version 0.9" << endl << endl;
}
// LR R R R R R R RS R R R EEEEEEEEEEEEEEEE R R
/Il wite
/'l purpose: This function is designed to open the file for witing and then
/1 collect all of the nodes fromthe highest |evel and call the
I functions that will wite them out.
void sinpleWiter::wite(geString sinpleFile)
{

/1 open the file
si npl eQut Fi |l e. open((sinpleFile.asChar()), ios::out);
if (sinpleCQutFile == NULL) {
cerr << "Unable to open file for witing" << endl;
exit(-4);
}

wr it eHeader (sinpl eFile);

/'l get the root node to the tree
geConposi t eNode* root = (geConpositeNode*)gapi.getlnstRoot Node();

/Il fromthe top level find the body, gObject, skeleton, and nateri al
geConposi teNode: : childlterator first(*root);

geConposi teNode: : childlterator last (*root);

last.end();

/1l store all of the nodes that we need

geString nodeType;

for (; first < last; first.increment()) {
nodeType = (*first)->get Type();

if (nodeType == "gobject") {

gbj ect Li st. addTai |l ( (geConpositeNode*) (*first) );
} else if (nodeType == "body") {

bodyHash. setltem((*first)->get Nane(), (geConpositeNode*)(*first));
} else if (nodeType == "material") {

mat eri al Hash. setlten( (*first)->get Name(), (geConpositeNode*)(*first));
}

}
/'l now go through the list and wite all of the gObjects (Since there
/1 should be relativly few objects, | will not iterate)
for (int i =0; i < gObjectList.getCount(); i++) {
writeCGlbject (gObjectList.getAt(i));
}

si npl eQut Fi l e. cl ose();
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SIMPLEMAIN.CPP

/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1

#i
#i

L R R R R R R R R R R

** (c¢) Copyright 1999 Nichinmen Corporation. Al rights reserved.

The software, data, and information contained herein are proprietary
to, and conprise valuable trade secrets of, N chinmen Corporation,
whi ch intends to keep such software, data, and information confidential
and to preserve themas trade secrets. They are given in confidence by
Ni chi men Corporation pursuant to a witten |license agreenent, and may
be used, copied, transmtted, and stored only in accordance with the
terms of such license.

RESTRI CTED RI GHTS LEGEND

Use, duplication, and disclosure by the Government are subject to
restrictions as set forth in subdivision (c)(1)(ii) of the Rights in
Trademark Data and Conputer Software Cl ause at FAR 52.227-7013.

Ni chi men Cor porati on
Ni honbashi 3-11-1,
Chuo- ku, Tokyo
Japan

R R R R R R R R

nclude "sinple.h"
nclude <stdlib. h>

void main(int argc, char** argv)

{

if ((argc <=2) || (argc > 3)) {
cerr << "lncorrect nunber of arguenents!" << endl;
exit(-1);

}

sinmpleWiter nyWiter;
geString gxlnFile(argv[1]);
geString sinpleQutFile(argv[2]);

if (nyWiter.openGX2Fil e(gxlnFile))
myWiter.wite(sinpleQutFile);
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ADVANCED TOPICS

This appendix discusses some advanced topics which you may have need to
address as you construct your writer.
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USING CUSTOM PROPERTIES WITH GAME EXCHANGE

If Mirai isyour source application, you can make use of the Property Editor plug-in to add custom properties to

different elements in your scene’s content before you export to Game Exhange. This approach lets you write prop-
erties to the Game Exchange format that your target application understands but are not supported in the Mirai
template files. For example, if your target application understands a property you've defined as "infrared,” you can
easily use the Property Editor to assign any vertex, edge, face, polyhedron, joint, bone, or skeleton in your scene
the "infrared" property with the appropriate value. Then you can export that data to Game Exchange data format.
As this property is not in the Mirai template files it will not undergo type checkinglypeé&hecking on page

40). Instead, the property and associated values will appear as instantiations in the appropriate content file.

To better clarify the use of the Property Editor, this section will quickly walk through the procedures for adding a
custom property to a scene element and writing out that element to to Game Exchange. To take a very simple ex-
ample, suppose you wanted to add a custom property called “mass-vertex” to several vertices on a cube. You
would do the folowing:

NOTE:  The steps below are intended to give you just a cursory overview of how to use the
Property Editor. For full instructions on using this plug-in, refer to the Mirai Support
section of the Nichimen website (www.Nichimen.com).

1 Define the “mass-vertex” property in a Property Editor templaterfdet be confuse with the Game
Exchange template file).

2 Use theApplications>Plug-Ins>Load Property Template command to load the template you created above into the
Property Editor.

3 Select the vertices to which you wish to apply the custom property.

#1 L i

e



USING CUSTOM PROPERTIES WITH GAME EXCHANGE 99

4 Usethe Set Property command to assign the “mass-vertex” property and the appropriate value (say 1.5) to the
collection of vertices.

Property Editor: Set |
mass vertex il —
i [ ok | [Cance]

5 Finally, userile>Export>Game Exchange to export the cube to the Game Exchange format.

These steps would write the following data to the the cube’s GBF content file:

body Pol yhedron-13 (

vertices[] < (
coord -10.0000 -10.0000 10. 0000
properties (
MASS- VERTEX 1. 5;
) )

(
coord -10. 0000 10. 0000 10. 0000

properties (
MASS- VERTEX 1. 5;

) )

(
coord 10. 0000 10. 0000 10.0000 ;

properties (
MASS- VERTEX 1. 5;
) )

Note that the “mass-vertex” custom property and the assigned value of 1.5 is tied to each of the vertices. Game
Exchange wrote this data directly to the GBF content file, deriving the format from the Property Editor template
rather than the standard Game Exchange template. Knowing that this custom data was being written directly to the
GBF file, you could design your Game Exchange writer to extract and convert it as necessary for import into your
target application.

You can see from this example using the Property Editor affords you a great deal of flexibility in writing out cus-
tom data to Game Exchange.
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USING VERSIONING INFORMATION

You read in Header Section on page 30 that later versions of Mirai and Nendo write out detailed versioning infor-
mation to the header section of each Game Exchange export file. This section will discussin more detail how you
can make full use of versioning information.

Recent versions of Mirai and Nendo write out version numbers for the following Game Exchange pieces:
* parsing tables
» template files

* the library

This information is reported inside each Game Exchange file’s header section in a format similar to the following:

G anmmar Version 2.1.0.0; ———— current parsing tables
Tenpl ateVersion 2.1.0.0; ————— current template version
Li braryVersion 2.1.0.0; current library version

When you begin coding a writer, it's a good idea to note the current version numb&esrioarVersion, Templat-
eVersion, andLibraryVersion. That way later you'll have a reference by which to gauge how many modification have
been made to Game Exchange since you created your writer.

The following sections make suggestions for using versioning informationdrammarVersion, TemplateVersion,
andLibraryVersion.

USING GRAMMAR VERSION INFORMATION

You read inParsing Tables on page 40 that Game Exchange requires access to two tables in order for parsing to
occurred—the DFA and LLR tablegrammarVersion increments any changes that Nichimen makes to these tables.
Additionally, it increments any changes that Nichimen makes to the general output format of parsed files (for ex-
ample, if Nichimen decided to write a new element to each Game Exchange file’s header section, this change
would be incremented i@rammarVersion).

After you create your writer, you'll want to pay careful attention to any changes to this version number. Any
change, even one that is quite minor, may require modifications to your writer in order for it to continue working

properly.
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USING TEMPLATE VERSION INFORMATION

Back in “Template Files” on page 18, we mentioned that as Mirai and Nendo continue to evolve new features,
Nichimen will update each product’s template files in order to offer export support for as much data as possible.
TemplateVersion increments such changes to the template files.

Changes to this number should not impair the performance of your writer, but you may want to keep track of the
status offemplateVersion in case Nichimen adds support to the template files for a data element that you can make
use of in your pipeline.

USING LIBRARY VERSION INFORMATION

Anytime that Nichimen makes an implementation change to one of the Game Exchange library classes or adds an
entirely new class to the library, it will increment thearyVersion number. TheibraryVersion number that you see

output in your Game Exchange files represents the version of the Game Exchange library for which the files are
optimized.

If you're writing Game Exchange files from a source application that is relatively new and is thus optimized for a
more recent version of the Game Exchange library than the one that you used in coding your writer, you may find
that certain functions in your writer will not work properly. Nichimen Support (800-366-4743) can help you sort
out such issues.



USING VERSIONING INFORMATION 102



N

nichimen

GRAPHIC S

APPENDIX C

(GLOSSARY OF TERMS

This appendix contains a glossary of key terms used in this manual.



content file

declaration

Game Exchange Format

Game Exchange Library

header

include

instantiations

list iterator

composite node

parsing

templatefile

tree

type checking

104

A Game Exchange export file that contains actual data from the source application.
See “Game Exchange File Typesgh page 18.

A statement included in atemplate file composed of atype name, a variable name,
and a set of values (optionally) that creates a new data type for export. Thisactsasa
template for future exports See “Declarations,” on page 25.

A standardized grammar for exported data from Nichimen and other third-party ap-
plications. The format permits conversion to other formats via writers created using
the Game Exchange library.

A collection of classes designed to aid in theimplementation of writersfor converting
data written in the Game Exchange format into aformat that is readable by atarget
application.

A section in afile which identifiesit as being Game Exchange output and includes
versioning information that hel ps the Game Exchange library determine how to parse
thefile. See “Header Section,”on page 30).

A section in a Game Exchange file which includes alist of references to other Game
Exchange files. Include sections permit parsing of an entire collection of files. See
“Include Section,”on page 31.

A statement written to a content file that contains exported datain the format speci-
fied by its corresponding declaration. See “Instantiations,” on page 28.

An instance of the geListlterator class that sequentially accesses data elementsin a
list or, with modification, the nodes of a composite node. See “The gelListlterator
Class,” on page 57.

An instance of the geCompositeNode that incorporates the elements of a custom type
or array. This becomes a branching structure in a data tree. See “Composite Nodes,”
on page 37.

The process of converting Game Exchange output files into a memory structure, aso
known as atree, which is composed of type nodes and composite nodes.

A Game Exchange export file that contains the declarations for supported data ele-
ments. See “Game Exchange File Format,bn page 23.

The hierarchical data structure that is created when a Game Exchange file or collec-
tion of filesis parsed. Parsing typically produces two trees, one for template data and
one for content data. See “What is Parsing?,”on page 36.

The process of comparing the template and content trees against each other to check
for data errors. See “An Example of Parsing,’on page 37.



type name

type node

writer

variable name

vectors

105

A designation for the kind of datathat a variable may hold (for example, integer,
boolean, float). Y ou can choose from several type namesthat are built in to the li-
brary, or define your own custom type names. See “Game Exchange File Structure,”
on page 29.

An instance of the geTypeNode that contains the values for a particular data element.
If derived from atemplate file, atype node may contain default values. If derived
from a content file, the type node will contain actual values derived from the exported
scene. This becomes aleaf structure on adatatree. See “Type Nodes, on page 36.

A program designed to convert export files from a source application into aformat
which isreadable by atarget application. In the context of Game Exchange, awriter
includes functionality for parsing output files, iterating over the resulting data tree,
and writing out values from the appropriate nodes. See “Using the Game Exchange
Library to Convert Data to a Platform Specific Formatyi page 14.

A placeholder for avaue of a specific type. See “Variable Names and Valuesgn
page 24.

A container for asmall set of data elements (usually a maximum of four). In a Game
Exchange writer, a vector is an instance of the geVector class.
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B
boolean type 24

C

content files 19
defined 104
GAF file 19
GBF file 19
GCEF file 19
GEF file 19
GLF file 19
GMF file 19
GOF file 19
GRP file 19
GSF file 19
header sections within 30
include sections within 31
instantiations included within 28
template instantiation sections within 32

D

data trees
defined 104

declarations 25
defined 104
syntax for 26

F
float type 24

G

GAF file 19

Game Exchange Format
applications which support 14
defined 104
exporting content in 14

Game Exchange Library 8, 14
defined 104
geAbstractiterator class 42, 56
geAbstractNode class 42, 43
geCompositeNode class 42, 44
geGapi class 42, 46
geHash class 42, 58
geHashiterator class 42
gelist class 42, 48
gelistlterator class 42, 57
gestring class 55
gestring classs 42
geTypeNode class 42, 45
geVector class 42, 52
including in a preprocessor directive 42
reporting problems with 10
system requirements for using 8

GBF file 19

GCF file 19

geAbstractlterator class 42, 56
begin method 57
end method 45, 57
increment method 45

geAbstractNode class 42, 43
geAbstractNode constructor 45
getChildNodeCount method 45
getName method 43, 44
getType method 43



geCompositeNode class 42, 44
GEF file 19
geGapi class 42
gapi.parse method 47
ignoreWarnings method 47
setTablesPath method 47
geHash class 42, 58
geHash constructor 59
getAt method 59
lookUp method 59, 60
setltem method 59
geHashlterator class 42
gelist class 42, 48
addHead method 49, 50, 51, 57
addTail method 49, 52
gelist constructor 50, 51, 57
getAt method 51, 52
getHead method 51
getTail method 51
insertAfter method 50
insertBefore method 50
printList method 49, 50, 51
removeAt method 51
removeHead method 49
removeTail method 49

using to iterate over the nodes of a list node

57
gelistlterator class 42, 57
gelistiterator constructor 57
using to iterate over a list node 58
geNulliterator class 56
gestring class 42, 55
geTypeNode class 42, 45
casting down to 46
getValue method 46
geTypeNode constructor 54, 55
setValue method 54
geVector class 42, 52
getAt method 46, 55
geVector constructor 53, 54
print method 53
setAt method 53, 54
geVector constructor
setLength constructor 53
GLF file 19
GMF file 19
GOF file 19

GRP file 19
GSF file 19

H

hash tables 58, 71, 81
creating 59
extracting values from 59
items within 58, 60
keys within 58, 60
header sections 30
defined 104
versioning information contained within 15,
30

include sections 31
defined 104

instantiations 28
defined 104
syntax for 28

integer type 24

L

list iterator
defined 104

list nodes 37
defined 104

lists 48
adding elements to 48
creating 48
extracting elements from 51
removing elements from 48

P

parsing

data trees created by 39

defined 36, 104

groups of files together 20

required tables 15, 40
DFA file 40, 47
LLR file 40, 47

type checking 40

with the geGapi class 46
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reserved keywords 25
__root@@ 25
boolean 25
extends 25
float 25
include 25
integer 25
properties 25
string 25
template 25
vec2f 25
vec2i 25
vec3f 25
vec3i 25
vec4f 25
vecdi 25

S
string type 24

T

template declaration sections 32
template files 18

changes to 15

declarations included within 25

defined 104

header sections within 30

include sections within 31

template declaration sections within 32
template instantiation sections 32
type checking 40

defined 104
type names 29

boolean 24

custom 24

defined 105

float 24

integer 24

string 24

vec2f 24

veczi 24

vec3f 24

vec3i 24

vec4f 24

vecdi 24

type nodes 36
casting down to 46, 54
defined 105

\%

values 24
actual values 28, 29
default values 24, 28, 40
variable names 24
defined 105
vec2f type 24
vecz2itype 24
vec3f keyword 25
vec3ftype 24
vecs3itype 24
vecdf type 24
vecdi keyword 25
vecditype 24
vectors 52
creating 53
defined 105
extracting data from 53

w

writers 64
building a sample writer on Irix 65
building a sample writer on NT 65
coding 64
defined 105
modifying a sample writer 74
running a sample writer on Irix 66
running a sample writer on NT 65
sample code 84
simple.cpp file 87
simple.h file 71
simpleMain.cpp file 71, 95
sample output 68
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