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Introduction Page 1

| ntroduction

This chapter introduces the main concepts of the Carrara SDK. It will help you in making the main technical choices
S0 you can have a smooth and exciting experience developing your 3D Components.

What is the Carrara SDK ?

An open architecturefor 3D.

The SDK provides away to extend the functionality of the application and add new features. It provides the tools and
the documentation to create plug-ins for Carrara.

Carraraisentirely based on a plug-in model. Each of the components of the application (Modeler, Primitives, Lights,
Renderers...) isimplemented as a plug-in. This component architecture allow external devel opersto quickly add
functionality to the application.

Headersand library.

The SDK provides a set of the C++ headers aswell as alibrary that allow you to build plug-ins that are compatible
with the API of Carrara. They also give you accessto awide range of utilitiesthat makesit easier to write features for
a 3D application.

Samples.

The SDK provides many samples of code that you can use as a starting point for your plug-ins. Those samples are
detailed in the Cookbook. They provide good examples to understand how you can create your own extensions.

Documentation.

There are three different parts in the documentation of the SDK, each type answering a specific need of the 3D
Components devel oper:

e The Overview: This pdf provides an overview to the SDK and explains the major concepts you need to under-
stand to extend the functionality of Carrara. Thisiswere you should start.
e The Cookbook: This pdf provides step-by-step descriptions of the various types of 3D Extensions that can be

built with the SDK.
¢ The Reference guide: The reference guide provides a documentation of all the classesthat constitute the API of

Carrara.

M CSketch.

A resource Editor called MCSketch is provided with the SDK to help you create sophisticated user interfaces as
quickly as possible.
Supported Platformsand Compilers.

The supported platforms are Mac OS X (10.1 or later), Windows 98, Windows 2000 and Windows XP. The
supported compilers are Code Warrior Pro 9.0 or later on the Macintosh, and Microsoft Visual C++ 6.0 or later on
Windows.

©2001-2005 Eovia. All rights reserved.



Page 2 Introduction

What's New in Carrara 5 ?

This section describes the changes that were made to the SDK from version 4 to version 5. If you are porting plug-ins
from aprevious version, it isimportant that you read carefully this chapter. It might also give you ideas for new plug-
ins... If you are new to the SDK, you can skip this section for now and come back to it later.

Changein resourcefiles

The use of resource files has been changed to be able to make localization much easier. The DTA filesthat were used
before are still generated but have to be separated between a DAT file containing the resources common to all
languages and a TXT file containing the localized strings. To separate your DTA files use the Resextracter in the
Toolsfolder.

Once you have generated the DAT and TXT filesyou can create other TXT filesto localize your plug-in. For instance
your myplugin.dtafile must befirst separated in myplugin.dat and myplugin.txt, then you can trandate the latter in
french to mypluginFR.txt.

Scene commands

The scene commands resources have been modified to enable changement of keyboard shortcuts. For each scene
command you need to add a scmd resource in your .R file:

resource 'scnmd' (Resourcel dO Your SceneCommandConponent )
{
Your Act i onNunber
def aul t Menu,
{
'3Dvw ,// 3D View room
"Stry',// Storyboard room
/1... and other roons where you want the scene conmands enabl e
|
kNoSt ri ngs,
kDef aul t Nane,
kEdi t Bi ndi ngGr oupl D,
{
kDef aul t 1 D, kDefaultNane, 's', kShift, kCrl, kNoAlt, kAnyPl atform
/1 the default keybord shortcut will be Shift + Crl + S
H
k3DVi ewBi ndi ngCont ext | D
s

Ghost menu

The ghost menu resource has changed and is now located in the .R file and not in the .RSR Here is how you should
translate your old resources:

{

Thl E

{
irow 0
icol O
ires 16100
t ool 9500
Titl "Pen"
Actn 9500

}

Thl E

{
irow 0

©2001-2005 Eovia. All rights reserved.



Introduction Page 3

icol 1
ires 16100
t ool 9503
Titl "Add"
Actn 9503

}

isnow in the .r file as:

resource 'ghmm' (128, "My Model er Ghost Menu")

{

{
0, 0, 16100, 9500, "Pen", 9500,
0, 1, 16100, 9503, "Add", 9503,

Tree chooser dialog

To reference another object, light or camerayou can still use its name but you can also use the new tree chooser
diaog that will let the user pick atree or alist of trees. These trees are then referenced by their Id and not by their
name. This can be very helpful if users change their objects names quite often.

To see how to use the tree chooser dialog, take alook to the Behavior sample.

Class |d definition

We have made a sight change of the way you can defineaclassid. Use:
const MCGQUID CLSID TreePrim (R _CLSID TreePrim;
instead of the old:
const MCGQUID CLSID TreePrim= {R CLSID TreePrint;

Lighting Models

The default lighting implementation used to be located in TBasicShader. While this was convenient, it was also
causing some problems. For instance, if we fixed abug in itsimplementation, all the shaders needed to be
recompiled. For this reason, the default lighting model implementation is now in the application. Thisimplies afew
changes to your code:

1 1f you implemented ShadeAndLight before, you need to make sure that you return MC_S OK to let the shell know
that you are overriding completely the lighting model. Y ou will note that shadeAndLight takes a pointer to a
I3DShLightingModel as a parameter. Y ou can use the methods of thisinterface to call default implementations of the
reflections, transparency, global illumination.

2 If you were overriding GetDirectLighting, GetReflections,... you can still do that but you haveto let the application
know by returning the proper combination of constant in GetlmplementedOutput (for instance
kUseCalculateDirectLighting).

If you have any problem, feel free to contact us directly.

Changein interfaces

We have not report here all the change that have been done in the various interfaces. Usually if you have not seen the
change you will get a compilation error. However, when you are using basic implementations the error can be hidden
and your function will not be called. Do not forget to check the signature of your functions if something is not

©2001-2005 Eovia. All rights reserved.



Page 4 Introduction

working.

How the whole thing works

Shell and Extensions

The Application isthe client of the different services provided by the 3D Components. Because the 3D Components
add features, they are often called Extensions, or plug-ins.

The Application isin charge of organizing the data flow between the Components, and it also offers a set of services
to the 3D Components to allow then to interact with its own internal data (like the 3D Database). The Applicationis
called the Shell, which is a better and more generic term.

COM dynamic linking

The communication between the 3D Shell and the 3D Componentsis done by using the Component Object Model
(COM).

The choice was made to use the COM because COM isavery widely spread industry standard (COM isthelow-level
layer on which OLE is built), and is actively promoted by major industry players. So if you are already familiar with
OLE, you will find it easier to get started with this documentation. COM offers a nice and clean C++-like interfacing,
and it is highly recommended that you read the excellent book “Inside OLE 2" by Kraig Brockschmidt from
Microsoft Press to learn everything about it.

COM users should read , “Using Eovia's COM Dynamic Linking” chapter to learn all details about each technique
and how to implement them.

| dentifying Components at startup: Auto Plug-And-Play

When the 3D Shell islaunched, it first identifies which 3D Components are available. To do this, it looksin its
Extensions directory and in all sub-directories of the Extensions directory.

All fileswith the “.mcx” extension are considered as Components.

Please note that there is nothing to register anywhere in the operating system to allow the identification of the
Component. It is completely automatic. Even if you develop a Windows extension, it isnot necessary to register
your Component in the Windows Registry Database. This alows atrue Plug-And-Play installation of
Components. No problem for uninstalling, no full path names issues, no conflicts between different versions or
languages, etc.

For each Component file found, the 3D Shell tries to find the corresponding resources. The resources are located in a
“.dta’ file next to the Component file.

Now that the resources are found, the 3D Shell looks for al ‘COMP’ resourcesin the file (you can put several
Componentsin the samefile). The ' COMP' resource is the key to each Component. It identifies the name of the
Component, the API version number it is based on, his own version number, and most important of al, its Family 1D
andits Class|D.

Family ID, Class|ID...

Each Component belongs to a Family. The Component Family defines the kind of Component the 3D Shell is
dealing with: a Shader, a Camera, an Export Filter, etc. All the itemsin bold in the“3D Pipeline” chart in the
Cookbook are the available Families.

Each Family has a 4 |etter code, its Family I1D. For example, the Family ID for Shadersis ‘shdr’. Y our Component
must belong to an existing Family, otherwise the 3D Shell will not know what to do with it. Family |Ds are described
for each Component in the Cookbook and Reference chapters, and thereisagenera tablein “ The' COMP' resource”
on page 9.
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In the COM terminology, a Family is strictly equivalent to an Interface. Interfaces are pure virtual classesinheriting
from IMCUnknown (basically a COM definition). The Interface files are the 1*.h headers.

Then Each Component hasa Class I D. Its Class ID describes uniquely your Component. For example, in the Shader
Family, there are different classes of shaders: the Checker Shader, the Marble Shader, the Wood Shader, etc. Each of
this shader has aunique Class ID. Its Class ID is the Component’s key to its data and instantiation process. Thisis
how your Component will be able to store its private datain a Carrarafile and retrieve it later.

For this reason, if you intend to distribute your Component outside, even as a Freeware or Shareware, it isvital that
you register your Class|D with Eoviato ensurethat it will be unique. This Class ID will then be yours forever.
This registration process is done by e-mail or fax, and it is free. See “Registering your Class ID with Eovia’ on
page 22 to learn how to register Class IDs.

In the COM terminology, aClassis strictly equivalent to a Class.

...And Instances

So far, thisis al the 3D Shell does at startup. It simply identifies all available Components for later use. No
Component code has been loaded or executed.

Then comes the time of instantiation. For example, afileisread, and it contains a 3D Object with a Marble Shader.
The 3D Shell does not know anything about Marble Shaders. It just gets the Family 1D and the Class ID. Looking up
in its Component Class directory, it instantiated a Marble shader by asking the dll / shared library implementing it to
create one. The Shell just keegps an anonymous pointer on the Component I nstance, and this will be good enough to
communicate with it: reading/writing its data, handling the user interface, executing it, etc. Thiswill be explained in
detail in the sections that follow.

Note that each instance has its own data values. For example, if another object in the file has another Marble texture
on it, then anew instance will be created in order to store the parameters of this second Marble texture. Thisis how
you can have several Marble textures with different vein spacing on different objects: they are different instances of
the same Marble Class.

In the COM terminology, an Instance is strictly equivalent to an I nstance (sorry COM-savvy readers, you got the
point already...).

Communicating between the 3D Shell and the 3D Component

Once the Component has been instanciated, the 3D Shell will need to access the different Component services (i.e.
routines). Think of the 3D Shell as the orchestra director. The 3D Shell will call your Component routines when
needed. “Do not call us, you will be called” could be the 3D Shell motto.

However, there are times when your Component needs additional services from the 3D Shell. For example, a 3D
Import Filter will have to be able to create and manipul ate data structuresin the 3D Shell Database. Therefore, the 3D
Shell offers a complete API to do all kind of things. When a routine of your Extension is called, you can then call
back the Shell to complete your job.

Component User Interface and Parameter Maps (PM ap)

Often, the 3D Shell will want to show to the user the Component’ s User Interface so its parameters can be set before
executing. The 3D Shell has unique way to do this so the user interface of your Component is seamlessly integrated in
the Shell user interface, providing a consistent and integrated experience to the user.

The key to thisUI integration isthe ‘PMap’ resource. This resource is also the key to saving and rel oading the
Component’ s data.

The ‘PMap’ resource describes atable called the Data Extension Map. During the initiaization process, the
Component told the Shell whereits “public data’ was stored: thisis called the Extension Data Buffer, and it is
located in the extension’s own RAM space. It isarecord of the Component parameters (like the vein spacing values
and the veins colors of the Marble Shader). The 3D Shell merely has an anonymous pointer on the Extension Data
Buffer. The Data Extension Map will help the 3D Shell identifying the types and addresses of each datain the
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Extension Data Buffer, and build the relationship with the user interface.

Put simply, the Data Extension Map has two values for each entry: an ID to identify the user interface element
(button, dlider, etc.), and atype to identify the kind of data store in the Extension Data Buffer (Boolean, fixed, long,
etc.).

Thisway, when the user changes something like the state of a check box, the Shell is able to compute the address of
the corresponding item in the Data Buffer, and change it directly. Then it calls the Component and tellsit that its data
have been changed, so that the Component can react and update any internal pre-processed data.

Data Map Data Buffer
o Inverted | Boolean —f——pud Boolcan flnverted
Sottness [F3 = 0.0 —=] Rcali2 —f—=] Real32 (Sofiness
Amount[EE—  H(0.55 ———] Reald2 —f—®] Real3? {Amount
e =l Real32 —f—®= Real32 Vanance

Note that you do not have to write any code to handle your user interface. The Shell reads the resources describing
your user interface from your Component file, and takes care of everything: it reacts when the user clicks on buttons,
dliders, etc. because it knows about al these user interface elements.

The other advantage of this mapping system of the 3D Component public dataisthat it provides the 3D Shell with a
simple way to save the Component datain afile and retrieve it later without any knowledge of the Component’s
purposein life. To store the Component datain the file, the Shell just writes the data ID and the value, and that’ s it.
Later, after the Component is instanciated, the 3D Shell will write back this data in the Extension Data Buffer.

Y ou will find details on how to build the user interface itself (using the MCSketch, the user interface building tool)
and how to compile a.dtafile in the chapters that follow.
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Creating an Extension

An extension is a shared library that defines components (COM Objects) that implement new functionality. In
Carrara, every plug-in is composed of at least three files:

e The shared library (or dll): Thisisthe executable of your extension. It hasa".mcx" extension.

e Theresourcefile: Thisfile contains the definition of the components contained in your plug-in. It hasa".dat"
extension.

e Thelocalized stringsfiles: These files contains the strings of your component that should be localized. For each
language you can create afile. There should be at least on file with a".txt" extension but you can add afrench file
ending with "FR.txt" or other languages. Note that if you do not had afile for the current language then Carrara
will automatically default to the English file.

All those files should have the same name (except for the language suffix). So for instance, if you create a plug-in
called MyPlugin, the three files should be named respectively: MyPlugin.mcx and MyPlugin.dat and MyPlugin.txt.

Those files should be copied in the Extension subfolder of the Carrarafolder so that Carrara recognizes them as plug-
ins.

The following text explains in more details how you can create those files:

The resource files (.dat and .txt)
The resource files contains the definition of the components that are implemented in your plug-in aswell as all the
resources that are used for the user interface of your plug-in (dialogs, strings...)

For each component implemented in your plug-in, you haveto create a’ COMP' resource. The’ COMP' specifiesthe
type of extension (Family) and its name. In addition to the COMP resource, you have to create the “GUID” resource
to tell the Shell that the extension is COM and to give the interface ID (11D) of the object and its class ID (CLSID).

Additionally you can declare a’ PMAP resource to define the parameters of your component. Y ou can also create a
"Node' resource with MCSketch which will be used as the user interface of your component.

All this resources should use the same Resource ID (the number that identifies the resource) so that the shell knows
they belong to the same component.

Building theresourcefile

The resource file is built using aresource compiler. It takes as input two types of files:

e The .r filesare text files that contain C like declaration of resources. Y ou can edit them with an text editor.
o The .rsr files are actually compiled resource file that the resource compiler will merge into the resourcefile.
Y ou can create them with M CSketch.

The resource compilers are different on Mac and Windows:

On Windows:

Resource files (also called data files or .dtafiles) are built by compiling a.r file that contains the list of resources
described in atext format. Thisformat is the same as the Rez format defined by Apple Computer and used on the
Macintosh. The result isabinary file that is called aresourcefile.

Text .r files can a so include other (already compiled) resource files to build a more complex resource file. Some
tools, like MCSketch, the Ul builder provided with Carrara, builds aresource file that can be used with aresource
compiler.
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MCSketch
MyExtensionOthers.rsr
_E Rez.exe >
MyExtension.r MyExtension.dta

The Rez compiler can be found in the QuickTime toolkit on Apple Web site.
Stepsto set-up the Rez.exe Compiler on Windows:

1. Wesuggest you use Rez, an Apple version of the Macintosh resource compiler, distributed as part of
Apple’'s QuickTime SDK.

2. Sogo to http://devel oper.apple.com/quicktime/ and download the QuickTime SDK for Windows.
(After downloading Rez you should get afolder (~8Meg) which has 5 sub-folders: Clncludes, Compo-
nentincludes, Libraries, RIncludes, and Tools.) We suggest you make this folder SDK/Tools/Rez, then
you do not need to modify the BuildDTA .bat file.

3. Create an empty SysTypes.r filein QT RIncludes directory that was part of the Rez download.

4. Gointothe SDK/Build/BuildDTA.bat file and make sure it uses the correct path to rez for your
machine. If you put Rez where we suggest, this step is unnecessary.

An dternative solution is to compile the * .dta files on a Macintosh and copy them on your PC.

When you have created your .dtafiles, you have to separate them in .dat and .txt files. Y ou can use for that the
ResExtracter located in the folder SDK/Tools/ResExtracter. If you try to build the sampleswith MS Visua Studio, a
script extract automatically the resources for you.

On MacOS

The process on MacOS is very similar, but there is an additional step at the end: the Macintosh development tools
know how to treat resource files directly, so resources are kept in the “resource fork” of the intermediate files.
However, Carrara still expectsto find its resources in the “data fork”. The same goes for the Mac version of

M CSketch (which is based on the same framework as Carrara), so there is some conversion involved there too.

- Res2Data >
%

MyExtensionOthers.rsrc MyExtensionOthers.rsr

S\ W

MyExtension.r MyExtension.rsrc MyExtension.dta

The .rsrc files are standard MacOS resource files that can be edited with the usual resource tools. ResEdit,
Resorcerer™, etc.
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Building the .dta filewith Code Warrior
1) Setting up Code Warrior

The sdk contains two Code Warrior plug-ins (in the tools folder) that you need to copy:

* copy the Data Resour ce Compiler in MetroWerks CodeWarrior:CodeWarrior Plugins:Compilers:
* copy the Res2Data PostL inker in MetroWerks CodeWarrior:CodeWarrior Plugins.Linkers:

2) Creating a Data target

* In your Code Warrior project, create a new target and open its settings.

* Inthe"Target:Target Settings' panel choose "MacOs Merge" as linker and "Res2Data PostLinker" as
post linker, then setup the output directory (you can choose your the Extensions folder of Carrarato avoid copy-
ing the Data file by hand).

* In the "Target:File mappings' add the following entries:

» .rsr DataResource Compiler
* I Rez
* In the"Linker:MacOsMerge" panel set the File name to "Myextension.dta"

Close the settings and add your .r file and your .rsr file(s) to the Data target of your project.

Extracting thelocalized strings from .dta

To separate the .dtafilein a.dat fileand a.txt file use the ResExtracter in the folder SDK/Tools/ResExtracter. If you
try to build the samples, you will have to use the script extr actResour ces.sh that you can find in the folder SDK/
Build.

For instance, to extract the strings from afile named myExtension.dta, you type:
ResExtracter myExtension.dta
Thiswill generate two files: myExtension.dat and myExtension.txt

Those two files are the ones that should be placed into the extension folder next to the executable (.mcx). Thefile
myExtension.txt contains all the strings that needs to be translated for aforeign version (for example in French). To
create alocalized version of your plugin in French, smply make a copy of this file named myExtensionFR.txt and
trandate the stringsin French.

FR isthe language code for French. Other languages will use other language code (for instance GE for german, JP for

Japanese).

The’COMP’ resource

The resource “COMP” describes the type of extension and some additional information.
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Hereisan example of a’ COMP’ declaration:

resource ‘' COVWP (128) /'l resource ID = 128
{
‘shdr’, /'l type of extension, the fam |y name
‘CCch’, /1 Class ID, to identify your extension in the famly
"Checker", /1 Name of your extension, it will appears in the Shell to
/'l describe and sel ect your object
" COM Exanpl es", /1 Sub Fam |y Nanme, for a shader,
/1 it will create a new subnenu
/1 called "COM Exanpl es" in the nmenu of the Shader Editor
1, /1 Version of your conponent
"1.0", /1l Version String
"My Comments", /1 Conments
kRDAPI Ver si on /1 APl Version the Extension is based on
}

Thefieldsin a COMP resource are:

e Family ID : It isafour charactersidentifier that specifiesthe kind (family) of component (for instance it could
be a shader or afinal renderer)

e ClassID : Thisfour charactersidentifier identifies the component in the family. Note that it should be unique
within itsfamily (class IDs all in lower case are reserved for Eovia use). Y ou should register your components
with Eoviato make sure the Class ID you choose does not conflict with another one.

e Component name: Thisisthe name of your component in the user interface of Carrara. It will appear in the
menu where the user can select your component.

e SubFamily name: Thisis the name of the subfamily. It is sometimes used to create submenus (for instance for
shaders). If the subfamily is“Hidden” then the component is not displayed in the User Interface.

e VVersion of the Component: This number is used for component versioning. Thisway you can still read previ-
ous version of component by providing a different component for each version. If thereis only one version of
your component, the component version should be 1.

e VVersion String: Thisstring is not used at thistime.

e Comments: Thisstring is not used at the time

¢ API Version: use KRDAPIVersion to be compatible with the current version of the SDK

Attention: the version information of the’ COMP' resource has changed in version 4

Here isthelist of Extension Family ID and the corresponding COM 1D for each type of Extension.

Table 1: Family ID and Interfaces of Carrara

Family Family ID COM IID
Ambient Light ambi ISDExAmbientLight
Animation Method amet I3DEXAnimationMethod
Atmospheric shader amo I 3BDExAtmosphericShader
Attached generic data data I3DExDataComponent
Backdrop drop I3DExBackdrop
Background shader back I3DExBackground
Camera transformation came I3dExCamera
ColorPickers pick I2DExColorPicker
Constraints link I3DExConstraint
DropAreas drpA IMFEXDropArea
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Table 1: Family ID and Interfaces of Carrara

Family Family ID COM IID
DropCandidates drpC IMFExDropCandidates
Export 3Dou 13DEXExportFilter
External Module modu ISDExModule
External Part part IMFEXPart
External List View part IMFEXListPart
Final Renderer frnd I 3DExFinal Renderer
Ge ‘gel ! I3DExLightsourceGel
|CC Processor iccp |2DExICCProcessor
Import 3Din 13DExImportFilter
Interactive Renderer RndB I3DExRendererBox
Light lite I3DEXxLightsource
Modifiers modi ISDExModifier
Post Render Filter post I 3DExPostRenderer
Primitive prim | 3DExGeometricPrimitive
Reflection Render Features fleF | SDEXReflectionFeature
Refraction/Transparency Render Features fraF | 3DExRefractionFeature
Registerers regi | ExRegisterer
Scene Modifiers smod ISDExModifier
Scene Commands (Scene Operations) scmd I 3DExSceneCommand
Shader shdr | 3DExShader
Shadow Render Features shdF I 3DExShadowFeature
Terrain Filter tfil I3DEXTerrainFilter
Tweener twee |3DEXTweener
Volumetric Effects Volu I3DEXV olumetricEffect

The'GUID’ resource

GUID stands for Globally Unique I Dentifier, and is a 128-bit (16-byte) structure that uniquely identifies an interface.

When you create a COM object, you need to also create an unique GUID. To tell the Shell that your extension can be
called with the COM mechanism, you have to create a GUID resource that contains the 11D (Interface D) and the

CLSID (Class ID) of the COM object.

Microsoft provides two utilities: UUIDGEN.EXE (command-line) and GUIDGEN.EXE (a Ul-based version of the
same application), that generate unique GUIDs. MacOS users can use "Create GUID.ppc", asimilar Microsoft utility.

Y ou create the GUID declaration resource in the .r file associated with your component.
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Hereisan example of a’GUID’ declaration:

resource 'GUID (128)

{
{

R I'I D_| 3DExModi fi er,
R CLSI D ExBarycenter

The definitionsof R_I'1 D_| 3DExModi fi er and R _CLSI D ExBarycent er areusualy storedin a.hfilethat is
shared by the .r file and the .cpp files (it isjust a convenience to avoid duplicating definitions). See the toolkit
samplesfor an illustration of thislittle trick.

The’'PMap’ resource

A resource “PMap” is used to define al parameters your extension needs to save and restore.

Usually, they are user interface parameters, but they can be purely internal data which your extension needs to have
saved so that it can restore its state from afile. For more information on PMaps and how they relate to your user
interface, refer to “Auto PMap” on page 29.

Hereisan example of a’PMap’ declaration:

"prn2','re32' ,interpol ate,"Paranmeter 2","",
"prnB8','re32' ,interpol ate, "Paranmeter 3","",

resource ' Pvap' (128)

{
{
"axis','in32',noFl ags, " Axis","",
}

}

In the parameter map, you must provide the following information for each parameter:

o A four character identifier (for example’axis'). ThisID isused to identify the parameter. It is also used to estab-
lish the relationship between awidget in the User Interface and the parameter (the ID of the part that edits this

parameter should be the same as the ID of the parameter).
o A four character identifier (for example’'in32') that identifies the type of the parameter.
o A flag (interpolate means that the parameter is animated)
e The name of the parameter (this name is displayed in the hierarchy if the parameter is animated)
o An optional string that contains that describes the parameter.

Hereisalist of the typesthat can be used in’PMap’ resources:

Table2: Typesused in PMap

C++ Type Keyword Comments
Boolean bool = unsigned char.
short, uint16, int16 in1l6
long, uint32, int32 in32
float, real, real 32 re32 Single precision floating point
double, rea 64 reé4 Double precision floating point
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Table2: Typesused in PMap

C++ Type Keyword Comments
TMCColorRGBA colo color
TColorRGB214 colF Fixed color 2.14
TMCGradient grad Color grandient
TMCRect rect 2D Rectangle
TMCPoint poit 2D Point
TMCString255 s255 255 characters string
TMCDynamicString Dstr Dynamic string (unlimited length)
TVector2 vec2 2D vector
TVector3 vec3 3D vector
TVector3 dire Direction parameter
TMatrix33 mx33 3 X 3 matrix
TSingleCompo- Component Chooser (allows the selection/creation
nentChooser comp of acomponent of one or more Families)
TMultipleCompo- cmp# Multiple Component Chooser (allows the selec-
nentChooser tion/creation of one or more Families)
ActionNumber actn Same as an int32
IMCUnknown iunk Datais an anonymous |MCUnknown pointer

For alist of general PMap types, go to Common/PMapTypes.h.
Shadersand PM aps

PMaps for shaders have a specific feature that allows reusing the previous values of a shader when switching to
another one. If some entries of the new PMap have the same | Ds as some entries of the previous PMap, then the
values are copied. Thisisjust a convenience for the user, and isimplemented only in the Shader Editor.

The executable file (.mcx)

Build the executable

For more information on how to build the shared library, see , “Platforms and Compilersissues’

Entry Points

Every plug-in for Carrara should have the following entry points:

o MCDIIGetClassObject(): standard COM entry, used by the Shell to ask your code to instantiate your Extension
through a Class Factory

o MCDIICanUnloadNow(): standard COM entry, not used in Carrara

o MCDIIInit(): low-level initialization entry, used for memory alocation initialization, and other utilitiesinitial-
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ization of the libraries.

o MCDIICleanUp(): counterpart of MCDIIInit(), used for deallocation when unloading the DLL
o MCDlIlInitExceptionTranslator (): Failure Handling initialization

o MCDIICleanUpExceptionTrandator (): Failure Handling clean-up

Thelibrary provided in the Carrara SDK already implements these calls, so you don’'t have to implement any of
those. However it isimportant that your project properly exportsthem (on Windowsthisis done by including a
.def filein your project) otherwise your plug-in will not work. The actual routines that you will have to implement are
the following:

e Extension3DI nit is called when your plug-in isfirst loaded in memory (usually the first time one of the compo-
nent defined in your plug-in isused). You can usethis call to initialize global structures.

voi d Extension3Dl nit (I MCUnknown* utilities)

{

}
¢ Extension3DCleanup is called when your plug-in is unloaded from memory (usually when the applicationis

closed). You can use it to delete global structures for your extension.
voi d Extensi on3DC eanup()
{

}
o MakeCOM Object is called to create the components that your plug-in defines.

/1 Performyour dll initialization here

/1 Perform any necessary clean-up here

To instantiate your extension in Make COMMbj ect , using a simple new command:

TBasi cUnknown* MakeCOMDbj ect (const MCCLSI D& cl assl D)

{
if (classlD == CLSI D MyExtensi on)
return new TMyExt ensi on;
return NULL;
}

Y our extension should always inherit more or less indirectly from TBasicUnknown.

The Component Class

Each component in your extension isimplemented by a C++ class. This classimplements one or several COM
interfaces. For example, a shader will always implement I3DExShader which is the interface for the shader family.
Additionally it could implement |ExStreaml O if it needed to save extra data that are not stored in its parameter map.

To makeit easier to get started, a number of “basic” classes that provide a default implementation of each family of
component have been provided. These classes have a name that starts with TBasic (for example TBasicShader or
TBasicFinaRenderer). Y ou should derive your object from one of those classesif thereis one available for the type
of component you are implementing. In any case, your class should always derive from T BasicDataExchanger
(either directly or through one of the Basic class) that provides the implementation for a basic component class.

So the declaration of your class should look this:

cl ass MyConponent : public TBasi cShader

{
public:

static const MCGU D sd assl D;

MyConponent () ;

~MyConponent () ;

STANDARD RELEASE;

vi rtual voi d* MCCOVAPI Get Ext ensi onDat aBuf fer();
s
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If you do not want to use the basic class (or if there is not one available), you could declare your class as follows:

cl ass MyConponent : public TBasi cDat aExchanger, public | 3DExShader

{
public:
static const MCGUI D sd assl D;
My Conponent () ;
~MyConponent () ;
MCCOVEr r  MCCOVAPI Queryl nterface(const MCIID& riid, void** ppvQbj);
ui nt 32 MCCOVAPI AddRef ();
STANDARD_REL EASE;
virtual voi d* MCCOVAPI GCet Ext ensi onDat aBuffer();
s

A few remarks about the declaration of the class:
Thefield sClassI D is used to store the ClasslID of your extension so that you can useit in MakeCOM Obj ect.

Even if you derive from the basic class, you still need to implement STANDARD_RELEASE. Thereason for thisare
alittle bit complicated so we will ignore them for now. The thing to remember is that you should always implement
STANDARD_REL EASE at the bottom for your inheritance tree (in this case, your component).

TBasicUnknown

When you create a component you should implement the 3 methods of IMCUnknown: AddRef, Release and
QuerylInterface since your object derives from TBasicUnknown

Usually those methods are implemented by the basic class (except for Release that you should always implement in
your class). However it isimportant to understand how they work so here is how to implement each of them:

AddRef()
Y ou should simply call the parent of your class. TBasicUnknown provides the proper implementation for AddRef.

ui nt 32 MyConponent : : AddRef ()
{

}

return TBasi cDat aExchanger: : AddRef () ;

Release()
Y ou always use the STANDARD _REL EASE macro.
Querylnterface()

Querylnterface needs to return the proper interface if it isimplemented by your component. The basic class provides
adefault implementation for the interfaces it derives from.

MCConErr MyConponent:: Querylnterface(const MCIID& riid, void** ppvCbj)

{
if (MClsEqual lID(riid, 11D_|3DExShader))
{
TMCCount edGet Hel per <l 3DExShader > resul t (ppvQj ) ;
result = static_cast <l| 3DExShader *>(thi s);
return MC S OK;
}
return TBasi cDat aExchanger:: Querylnterface(riid, ppvObhj);
}

©2001-2005 Eovia. All rights reserved.



Page 16 Creating an Extension

User Interface

Carraramakes it quick and easy to provide a simple user interface for your component.

The’Node' resource.

For most components Carrara uses a’ Node' resource for the user interface. A "Node’ resource contains a Node Part.

Y ou can create such a resource with MCSketch which is provided with the SDK. The resource ID of the resource
should be the same as the resource ID of the’ COMP’ resource.

To changetheresourcelD in M CSketch:

o Select the resource.
o Select Resour ce Info from the Edit menu (or type Ctrl+l )
e Change the resource ID in the dialog.

If you want to use a different Node Part (for instance to share a node part between several component), you can
implement TBasicDataExchanger:: GetResl D() and return the ID of the resource ID that you can to use.

Inthe’NODE’ resource you can add various controls (sliders, buttons, check boxes...). Each control has a Part ID
(the Part 1D can be edited in the properties drawer on the right). Set the Part ID of each control to the four character
ID of the parameter in the parameter map (see“ The'PMap’ resource” on page 12). The Shell will automatically map
the value of the control with the value of the parameter and create key frames if necessary.

The Pmap buffer

Once you have set up the node part and the’ Pmap’ resource, there is only one last thing that is missing: your class
needs to access the value of the parameter. For this purpose, your component must provide a buffer to store the value
of its parameters at the current time.

Thisbuffer must match exactly the’Pmap’ resource. It isimportant to be careful that the fields have exactly the
same type and are exactly in the same order asin the’ Pmap’ resource.

Hereisan example:

struct nyPNVAP

{
int32 fAXis;
real fParaneter?2;
real fParaneter3;
}s

corresponds to the following "PMap’ resource:

resource ' Pvap' (128)

{
{
"axis','in32',noFl ags, "Axis","",
"prnR' ,'re32' ,interpol ate, "Paranmeter 2","",
"prn8','re32' ,interpol ate,"Paraneter 3","",
}
H
To let the Shell know, where the buffer is located, you need to implement Get Ext ensi onDat aBuf f er () inyour
class:
virtual void* MCCOVAPI  CGet Ext ensi onDat aBuf f er ()
{
return & MyPnap;
}

That is al you need to know to create a simple user interface for your component.
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For more information on parameter maps, see the documentation of TBasicDataExchanger.

©2001-2005 Eovia. All rights reserved.



Using Eovia’'s COM Dynamic Linking Page 17

Using Eovia’'s COM Dynamic Linking

This chapter describes in more detail COM Dynamic Linking supported in Carrara.

Before reading this chapter, it is highly recommended to read the Introduction chapter, especially the section “How
the whole thing works’ on page 4.

About COM

COM (Component Objects Model) isthe low-level dynamic linking system on which OLE ishbuilt. It isavery widely
spread industry standard, and is actively promoted by major industry players. So if you are aready familiar with
OLE, you will find it easy to be started with this documentation. COM offers a nice and clean C++ like interfacing.

The best reference for COM is“Inside COM” by Dale Rogerson from Microsoft Press (ISBN 1-57231-349-8). The
first chapters of “Inside OLE 2" by Kraig Brockschmidt from Microsoft Press are also a good introduction (ISBN 1-
55615-618-9). Y ou can aso find all the necessary information in any edition of the MSDN (Microsoft Developers
Network) CDs. On the Web, look at http://www.microsoft.com/com/.

Component Registration Process

Component registration provides true auto-plug and play installation of components. Simply drop component filesin
the correct folder and run. Y ou don’t need to use the Windows registry or full-path names. There is no conflict
between versions or languages (due to being based on COM).

Each component has one COMP and one GUID resource associated with it. Each extension file (.mcx file) can have
more than one component by defining multiple COMP and GUID resources. To learn more about these resources
refer to “ The resource files (.dat and .txt)” on page 7.

How the Component Server Works

At start-up the Component Server identifies components in the application directory and below. It looks for .mcx
extension. For each extension file found, it looks for a resource file with the .dta suffix. For each of thesefiles, it
looks for more components; it identifies components by a‘ COMP' resource and adds the component to alist. There
isone list of components for each family.

In additional to the general component registration resources, each type of component may have its own specific
resources. For example, amodule hasa‘Modu’ resource that adds on functionality that modules can do. To learn
more, refer to the chapter on family-specific resources in the Cookbook.

How the Application Calls your Extension

“Simple” Components are extensions that do not call back into the Shell or application to perform their duties. Such
extensions are typically Primitives, Shaders, Light sources, Ambient lights, Gels, Atmospheric Shaders, Background
and Backdrop Shaders, and Cameras.

Extension Entry Points

Your COM Extension has these entry points:

o MCDIIGetClassObject(): standard COM entry, used by the Shell to ask your code to instanciate your Exten-
sion through a Class Factory

o MCDIICanUnloadNow(): standard COM entry, not used in Carrara

o MCDIlInit(): low-level intialization entry, used for memory allocation inits, and other utilities intialization of
thelibraries.
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¢ MCDIICleanUp(): counterpart of MCDIIInit(), used for deallocation when unloading the DLL
o MCDlIlInitExceptionTranslator (): Failure Handling initialization
o MCDIICleanUpExceptionTrandator (): Failure Handling clean-up

Thelibrary provided in the Carrara SDK aready implements these calls, so you won't have to worry too much about
them (just make sure that they are exported properly by your DLL or Shared Library). The library also already
implements the Class Factory scheme and everything, so the actual routines that you will have to implement are
these:

/1 Initialization routine:
voi d Ext ensi on3Dl nit (1 MCUnknown* utilities);

/1 C ean-up routine:
voi d Ext ensi on3DC eanup();

/1 Instantiation routine:
TBasi cUnknown* MakeCOMMbj ect (const MCCLSI D& cl assl D) ;

That'sit. Thelibrary takes care of the rest for you.

Extension3DI nit is called when your plug-in isfirst loaded in memory (usually the first time one of the component
defined in your plug-in is used). You can use this call to initialize global structures.

Extension3DCleanup is called when your plug-in is unloaded from memory (usually when the application is
closed). You can use it to delete global structures for your extension.

MakeCOM Object is called to create the components that your plug-in defines.
Instantiate your extension in MakeCOMbj ect , using a simple new command:
TBasi cUnknown* MakeCOMbj ect (const MCCLSI D& cl assl D)

{
if (classlD == CLSID MyExtensi on)
return new TMyExt ensi on;
el se
return NULL;
}

Y our extension should always inherit more or less indirectly from TBasicUnknown (see the discussion about the
TBasic* typeslater on).

Minimal resources

Make sure you choose a CLSID and that you copy its valuein the GUID resource (see“ The ' GUID’ resource” on
page 11) for more details. Make sure that all your COMP, PMap, GUID, Node, etc. resources have the same ID
number and that this number isthe one returned by GetResl D. Y ou still need to choose a4-letters Class ID and put it
in your COMP resource.

And, once again, Windows programmers do not need to enter their 11D and CLSID in the Windows Registry
Database. Simply give your Component the .MCX suffix, and put it in the Extensions directory (or in any sub-
directory of the Extensions directory). Carrarawill find it automatically.

Use the samples of the Carrara SDK as a framework to start your own extensions.

How your Extension Callsinto the Application

Some extensions need to call back the Shell. For example, an Import Filter may need to create 3D objects and put
them in the scene.
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There can be three types of situations:

o A Shell object pointer is passed to you as a parameter of one of your Extension procedures.
o A Shell object pointer is provided to you as a global variable.
¢ You need to instanciate a new Shell object and work on it.

Using Shell objectsreceived as parameters

Thisisavery simple case. The Shell already allocated an object and gives you its pointer as the parameter of one of
your Component procedures.

Example:

| MFExResponder: : Recei ve(int 32 nmessage, | MFResponder* source, void* data);

The source parameter is a Shell object of the IMFResponder Interface. Y ou simply call its methods as you wish.
Thereisno need to call AddRef() onit. Do not call Release() either, the Shell will take care of its own children.

Example:

i nt32 instancel D
i nstancel D = source->Cet | nstancel D();

Using preset Shell objects stored in thelibrary global variables

Many useful methods can be accessed viaglobal pointers pointing to objects of the Shell. The global utilities pointers
are grouped by functionality into different COM interfaces (gShellUtilities, gResourceUtilities, ...). These interfaces
can al be found in the header files called somethingUtilities.h. All of the global variables are initialized by the
extension’s entry points MCDIIInit and M CDIICleanUp, so you do not need to worry about that.

Example:
ui nt32* myArray; // array of 640*480 unsigned | ong
nyArray = gMenoryUtilities->Calloc(sizeof (uint32), 640*480);

i\/bOO\/Err result = gMenoryUtilities->Free(nyArray);
| nstanciating a Shell object your self

There are times when you need to create an object, like creating a 3D Primitive to put it in the Scene.

The procedure is alittle bit unusual for COM programmers. Instead of calling the global procedure
CoCreatel nstance(), you will call | ShComponentUtilities:: CoCreatel nstance() on the gComponentUtilities or
gSh3DComponentUtilities global variable (depending on your needs).

If you need to create a component, you should use | ShComponentUtilities:: CreateComponent so that the internal
component is also created.

Example:
We create a Group and put it in the Scene:

HRESULT TDXFI nporter:: Dol nmport(char* full Pat hNane, |3DShScene* scene,
| 3DShTr eeEl enent * fat her Tr ee)

{

TMCCount edPt r <I 3DShGr oup> gr oup;

gSh3DConponent Uti | ities->CoCreat el nstance(CLSI D_St andar dGr oup, NULL,
CLSCTX_| NPROC_SERVER, |1 D_| 3DShG oup, (void**) &group);

/1 Do whatever we want on the group

/1l Use the group as a Tree Elenent to put it in the scene:
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TMCCount edPt r <|I 3DShTr eeEl ement > groupTree; // The sane as group, but as a Tree El e-
nment

group->Queryl nterface(l 3DShTr eeEl ement, (void**) &groupTree);

groupTr ee- >Set Scene(scene) ;

fat her Tree- >l nsert Last (groupTree);

/1 Note: you do not need to call Release() as TMCCountedPtr will do it autonmati -
cally.

}

The“PMap” resource

A resource “PMap” describes the different parameters that the Shell can access. The PMap is key to Ul integration as
all components with Ul have a PMap resource.

The PMap describes the Ul data for the shell. There are 4 valuesin the PMap for each Ul element:

o afour letters ID (to identify the element)

o afour letter type code (boolean, long, etc.)

¢ aflagsfield (animate this element, etc.)

o the name of the element (appearsin the Time Line)
e an extra string containing optional additional data

Whether you create your resource on the Mac or PC, your “PMap” should look like this:

resource ‘Pvap' (128)
{ /* First Array El enent */
'Sl ZH /* IDof the U elenent in the view */
"in32", /* type of the value */
interpolate, /* value can be animted */
"Hori. Size", [* name */
/* Optional data */
/* Second Array Element */
'Sl zZVv', /* IDof the U elenent in the view */
"in32", /* type of the value */
interpolate, /* value can be animted */
"Vert. Size", [* name */
/* Optional data */

To learn more about PMaps and PMap types, refer to “The ' PMap’ resource” on page 12, “ Auto PMap” on page 29,
and “PMap and a Part” on page 30.

IMCUnknown class
What isa COM object?

A COM object is any object derived from IMCUnknown (simple inheritance only).

class | MCUnknown

{

public:
virtual MCErr MCCOVAPI Querylnterface(const MJID& riid, void** ppvObj)=0;
virtual uin32 MCCOVAPI AddRef () =0;
virtual uin32 MCCOVAPI Rel ease() =0;

i
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Itisakey element of the Carrara COM implementation asit provides away for aclient to communicate with a
component. These functions are explained in greater details in the sections that follow.

When you are creating components to be used with Carrara, you always inherit more or less indirectly from
IMCUnknown.

Querylnterface

Querylnterface is the cornerstone of COM. In COM, aclient always communicates with a component through an
interface. QuerylInterface defines the component; the interfaces that a component supports are the interfaces for
which Querylnterface returns an interface pointer. Y ou use Querylnterface to discover whether a component supports
aparticular interface. If the component supports the interface, Querylnterface returns a pointer to that interface.

virtual MCErr MCCOVAPI Querylnterface(const MCIID& riid, void** ppvQObj)=0;

Thefirst parameter is the Interface identifier structure or the 11D. The second parameter is the address where
Querylnterface places the requested interface pointer.

If you use the following notation:
if "ObjB = A->QI('B")" means. ObjA->QueryInterface(REFIID_B, & ObjB)
Querylnterface should follow the following rules:

(1) A>Q('A) ==
(2) (A>Q("B))->Q("A) == A
(3) ((A>Q("B))->Q("C))->Q("A) == A

AddRef

AddRef and Release use reference-counting to manage memory. Reference counting enables components to delete
themselves (once they are no longer being used). AddRef increases the reference count and Release decrements the
reference count.

When do you use AddRef?

o If you are asked for an object by someone, call AddRef before returning a pointer to it.
o If you plan to keep areference on an object passed as a parameter in afunction, the function needs to call
AddRef and then Release when done.

To learn methods that allow you to optimize reference counting and avoid using AddRef, see the M CCountedPtr
template. Refer to , “ Counted Pointers” to learn more.

Release

As mentioned earlier, Release decrements the reference count. When you are finished with an interface, you should
call Release on that interface.

When do you use Release?

¢ Querylnterface increments the count; when done, call Release.

¢ A function you call to get an object should have incremented the count, so you only need to call Release.
o |f you plan to keep areference on an object passed as a parameter in afunction, the function needs to call
AddRef and then Release when done.

To learn methods that allow you to optimize reference counting and avoid using Release, see the M CCountedPtr
templatein , “Counted Pointers”
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More on Querylnterface, AddRef and Release

It ishighly recommended to read carefully , “ Counted Pointers” for more details about using Querylnterface, AddRef
and Release.

Registering your Class ID with Eovia

Asexplained in the section “How the whole thing works” on page 4 in the Introduction chapter, it is vital that you
make sure that your Class ID is unique before distributing your software outside, even as a Freeware or Shareware.
The reason is that if someone else uses the same Class ID in his own extension, the 3D Shell will be confused when
trying to instantiate and initialize your 3D Component, causing a failure or a crash.

Registering your Class ID isfree. There are no obligations. After acceptation, your Class|D will be yoursforever and
should never be assigned to someone else.

o A ClassID isaset of 4 ASCII characters.

e Ranges of Class ID will not be registered by Eovia (like“all IDsfrom ‘AAAA’ to ‘AAAZ’™).

o Class I Ds are case-sensitive.

¢ Class IDswith all lowercase letters are reserved to Eovia (like ‘abcd’). Combos are fine, though (like ‘ Abced’).
o Try avoiding specia characters (ASCII code > 128), because these characters are different between MacOS and
Windows.

How to register

Simply email the following information to sdk @eovia.com. Make sure you include the word “registration” in your e-
mail title to allow faster processing.

Name:

Company:

Address: (if sending viamail)
Phone:

Fax: (if sending via Fax)
E-Mail:

Component Name Family ID Class ID

Please include a brief description of your Component(s):

Send this information to:

E-Mail: sdk@eovia.com

Y ou will then receive a confirmation message from Eovia by email. If a conflict occurs, Eoviawill offer an aternate
ID.
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Contacting Eovia - DevelopersMailing list

If you have any questions regarding the SDK, you can join the SDK user list at:

http://gr oups.yahoo.com/group/carraraSDK

where the engineering team of Carrarawill answer your questions.
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Platforms and Compilersissues

This chapter describes details about specific issues related to compilers and platforms.

Compiling for Windows

The supported compiler is Visual C++ 6.0 or better from Microsoft. Y ou should install the Service Pack 3.

Note that COM extensions are simply standard 32-bit DLLswith a.mcx suffix. Take alook at the sample make files

inthe Carrara SDK and you' |l see that there are no special tricksthere. Datafiles (files containing resources) have the
.dta suffix.

Creating a new extension project for Visual C++ 6.0:

Thefirst step isto create a new project. Y ou should create this project within the SDK hierarchy. Y ou can create it
next to an existing sample like CarraraSDK\Samples\Shaders\My Shader. If you create the project outside the samples
folder, you should create sub folders that follow the same structure (like
CarraraSDK\MyProjects\MyShaders\MyChecker). This avoids any problems with the relative path names given
below. Otherwise you'll need to adjust the number of dotsin the given paths.

1 Create anew, empty project. Set the project name and location within the samples folder, then set the
project type to Win 32 Dynamic-Link Library.

2 Open the project settings.
2.1) In the C/C++ tab:
Select the "Project Options' field and add " @..\..\..\Build\CPFlags.opt" asthe 2nd to last item
(before /c). (The number of dots depends on the position of your project relative to the file).

Thisis an options file which sets the include paths. Make sure the file is updated to have the
correct paths.

2.2) Inthe Link tab:
Change the output filename to myExtension.mcx (instead of myExtension.dll).

Add the following to the Object/library modules line of the Debug and Release builds
respectively:

AL\ \lib\win\debug\CommonLibrary.lib

AL\Llib\win\release\CommonLibrary.lib

Y ou may aso need to add other libs (mpr.lib version.lib vfw32.1ib)

2.3) In the "Post-build step” tab
Add the following two commands (in that order):
call .\.\.\Build\BuildDTA .bat Debug MyExtension

call .\.\.ABuild\CopyMCX _.bat Debug MyExtension
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Compiling for MacOS

The supported compiler is Code Warrior Pro 8.0 and later from Metrowerks (Code Warrior 9.0 is recommended).

COM extensions are standard Shared Libraries with a.mcx suffix. Datafiles (files containing resources) have the
.dta suffix in their name.

Creating a new project for Codewarrior:
Y ou just need to use the corresponding sdk (or the correct CommonLibrary.lib).
In Code Warrior 8 or 9, create anew empty project. Rename the default target to something like "My sample debug"
In the Target: Target Settings panel:

Set the linker to Macintosh PowerPC, the pre and post linkers to none.
Set the output directory to the Extensions folder of Carrara

In the Target:Access Paths panel:
Add the following User Paths (make them relative to the mep):

CarraraSDK/Include
CarraraSDK/Source
CarraraSDK/Lib/Mac/Debug

Add the following System Paths:

{Compiler} MSL
{ Compiler} MacOS Support

In the Target:Runtime Settings panel:
Click choose and locate Carrara.
In the Target:PPC target panel:
Set the File Name to your extension's dll name
In the Language Settings.C/C++ Language panel
Check the following options:
Force C++ compilation
Enable C++ Exceptions
Enable bool Support
Enable wchar_t Support
Don't Inline (we're setting up the debug target)
Enum Always Int
Pool Stings
Reuse Stings

Set the Prefix File to PrefixDebug.h

In the Code Generation:Global Optimizations panel turn off the optimisations.
In the Linker:PPC Linker panel:
Set Initializationto __initialize
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Don't write anything for Main
Set Termination to __terminate

In the Linker:PPC PEF panel
Set Exports Symbolsto Use ".exp" file
Save and close the settings dial og.

Add the following files to your project:

CarraraSDK/Include/Common/exports.exp
CarraraSDK/Include/Common/COM Utilities.cpp

Now create a new target called something like "My sample Release" by cloning your debug target and open its

Settings.

In the Language Settings.C/C++ Language panel:

Change the Inline Depth to Smart
Set Auto-Inline, Deferred and Bottom-up Inlining
Set the Prefix File to PrefixRelease.h

In the Code Generation:Global Optimizations panel turn on the optimisations.

Save and close the settings dial og.

Add the CarraraSDK/Mac/Debug/CommonLibrary.lib file to the debug target

Add the CarraraSDK/Mac/Rel ease/ CommonLibrary.lib file to the release target

Now create atarget for the Datafile as explained in 4.5.7, and set it as a dependent of both the debug and the release

target.

Debugging on MacOS

Y ou can debug your extension using the Code Warrior build-in debugger:

1.

2.
3.

Make sure you generate a .xSym file and that thisfile is copied next to the extension in the Carrara
Extensions folder.

Make sure the MetroNub init is properly installed.

Double-click on your .xSym file to open the debugger. Set up your break points, etc.

Launch Carrara.
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User Interface

MCSketch is aresource editor provided with the SDK. The resources used in Carraraare fully cross-platform, and
can be created on either a Macintosh or a PC, since M CSketch exists on both platforms.

In this part, we will describe all the needed resources on both platform (Macintosh or Windows).

Make sure you are familiar with the main concepts of Components before reading this chapter. Specifically, be sure
you read “How the whole thing works’ on page 4.

User Interface Options

When you are creating an extension, you need to decide which strategy to use for creating the user interface. For
example, if you are creating an extension such as an importer or exporter, you may not even need to create a user
interface. Refer to “No User Interface” on page 29 to learn more. Once you' ve determined that your extension needs
amechanism for user interaction, you still have several different options for creating the user interface. If you only
need simple controls, such asaslider or radio button, you can use an automatically generated PMap. Refer to “Auto
PMap” on page 29 to learn more.

However, a PMap combined with a Part definition allows you the greatest flexibility in creating a user interface for
your extension. Refer to “PMap and a Part” on page 30 to learn more.

To summarize, your extension can provide:

¢ No user interface
o An auto-generated user interface (Auto-PMap)
o A user interface specified with a static resource. In this case:
e thedatabuffer isautomatically maintained
e many user interface elements are available: check box, edit text, color picker, component
chooser, etc.
o A user interface generated from dtafile, using standard MCFrame user interface elements
o A user interface generated from dtafile, using extended M CFrame user interface elements (Part Extensions)

No User Interface

If you are creating an extension such as an importer or exporter, or if you have created a renderer, such as a
postrenderer or final renderer, you may not need to create any user interface elements for your extension; it simply
functions without user interaction.

Refer to the Cookbook and the Samples folder to see several examples of extensions created without a user interface.

Auto PMap

A resource “PMap” describes the different parameters that the Shell can access. All components with user interface
have a PMap resource. In some cases, aPMap is all that you need to create the user interface for your component.

Hereis an example of a PMap:

resource ' Pvap' (129)
{
{ // TODO Add your paraneters by providing:
1/ four letters |ID,
/1 four letters type ID,

1/ interpolate or zero,

/1 name

/1 extra token string (usually "")

"WEG ,'re32', interpolate, "Wight!","", // this paraneter is ani mated
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/1" WEG ,'re32',noFl ags, "Wight","", // this paraneter is NOT ani nated
s

PMap and a Part

If your extension needs a user interface (Ul), and what is provided by the Auto-PMap is not enough, you can use a
"part”.

A part isapiece of user interface. Y ou create and edit a part using MCSketch. The main benefit of using a part
instead of an Auto-PMap isthat you can personalize the Ul of your extension with your icons, your names and
copyrights, your URL, and so on. Theideal isto let the Auto-PMap do the job while you debug and test the
algorithms of your extension, and in the end finalize the extension with the Ul.

Y ou can combine a PMap with a part definition contained in a.rsr file. If the PMap and the part have the same
number, they automatically hook together. Note that the PMap is defined in a..r file, which must include the .rsr file.

For example, the Star sample has no part inits .rsr file, Star.rsr. The PMap defined in Star.ris:

resource ' PMap' (142)

{
{

}

"NBBR ,'inl6',interpolate,"# Branche","",

Sincethereisno part of ID 142, the Star sample uses the Auto-PMap mechanism (which is enough for testing). If you
want to add your own Ul, open Star.rsr in MCSketch, create a’ New Resource’ viathe menu’Edit’, and choose the
type'Node'. A nodeis a part that can contain other parts.

Edit
Can't Undo Cmd+Z
Can't Reda Cmd+Y
ummg oy CmdsX 142 star (T} 0
New Resource
Copy Cmd+C
Paste Cmd+V Resource Type |MNode
Delete Resource ID |142
AR = o Resource Mame
Select All Cmd+A
— |star parameters with my name |
Resource Infa Cmd+l ol
Preferences O Purgeable 4 k.'eluad O Protected O Locked

Update To Latest Version Cmd+U

Get String Info...
Find Replace Strings...

# Types 1

Insert in that Node part all the Ul elements that you need. For exampleinsert a’ Static Text part’ to show your
copyright, and a’ Linear Slider part’ to display and edit the parameter of the PMap. Edit the ID of the dider part to
make it fit the ID of the parameter in the PMap: NBBR. This allows the Shell to match the PMap fields and the Ul
parts as shown.
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Node 142: star parame...

TMFLinearSliderPart

Root Class Name TMFLinearSliderPart

Class Na me:|TM FLinearSliderPart

Part ID: MBER N

Pasition

- -
S 180 |—
Cira ~

—Constrain
; OTop
O Left

SamplesusingaPMap and .rsr file

Theintroduction to the cookbook provides alist of samples that demonstrate creating different user interface
elements. To see examplesthat use a PMap and an rsr file (created using M CSketch), to define the following user
interface elements, refer to the samples.

o Checkbox

o Color chooser

e Icon

o Radio button group
e Scrollable edit text
o Sliders

¢ Dialog boxes

o Windows

e Menus

o Properties (set up and update)
¢ Sequencer hierarchy

Part Extensions

Another way to create auser interface, isto create Part Extensions. Once you create apart extension, you need to tie
it to apart of your dialog or window to customize its behavior.

To createa part extension:

1. Createthe resource with MCSketch. For example, you could create anode part. Then, add user interface
elements such asadider.

2. Make surethe ID of the part is the same as the resource ID of the PMap. (Thisisthe number in the
resource list in MCSketch, and the resource number in the .r file.)

3. Veify that the first field of the PMap in the .r file is set to the part ID (for the parts within the node).

4. Make surethat the object parameters (in the .h file) have afield for each element and that the size of the
field matches the PMap element’ s second field (which is size).

5. Include the resource filein the .r file. (#include new.rsr).

For an example, refer to “ Tab Part” on page 35.
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Manually Controlling Your Own User Interface

In some cases, you'll need to manually control the user interface for your component. The following samples show
you how to create and control specific user interface elements.

Creating your User Interface Containers

A dialog box and awindow are both examples of user interface containers. The sections below, show how to create
them.

Using a Dialog box

To manage dialogs, you must get used to the following interfaces: 1ShResourceUtilities, IShPartUtilities, and
IMFDialogPart.

Here is some pseudocode that shows how to create a dialog box.

TMCCount edPt r <I MFPart > di al ogPart ;
TMCCount edPt r <I MFDi al ogPart > di al og;
voi d* ol dResources = NULL;

bool ean result = fal se;

//-- Load the resources fromthe DTA file
gResourceltilities->Set upConponent Resour ces(your Fami |yl D,
your Cl assl D, &ol dResour ces);
gPartUtilities->CreatePartByResource(&di al ogPart,

kMFDi al ogResour ceType, yourDi al ogl D) ;
gResourcelUtilities->RestoreConponent Resour ces(ol dResour ces);

/1-- Now open the dialog
di al ogPart->Querylnterface(l|D_I MFDi al ogPart, (void**)&di al og);
result = dial og->CGo();

//-- Get the value if we exited thru K
if (result)

{
}

do sonething ...
/1-- We are done with the dialog
di al og- >Fi ni shed();

return result;

To learn more about TM CCountedPtr, refer to “Implementing a Counted Pointer Access Method” on page 53.

Using a Window

A window can a so be created from resources. That is mostly useful when you create a modeler and therefore need to
have awindow of your own. Here is sample code of the creation of awindow. This piece of code comes from the
Modeler sample.

TMCCount edPt r <I MFPart > wi ndow,
TMCCount edPt r <I MFPart > nmi nPart ;

Querylnterface(llD_|3DShModul e, (void**) &shMdul e);
Throw f Ni | (shModul e) ;

voi d* ol dResources = NULL;
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gResourcelUtilities->SetupConponent Resour ces(kRI D_Modul eFami | yI D, kMode-
| erl D, &ol dResources);

shModul e- >Cr eat eW ndowByResour ce( & ndow, kModel er Vi ew, true);
Throw fNi | (Wi ndow) ;

/'l Retrieve a pointer on the main part, which IDis "MDv' (see in MCSketch)
wi ndow >Fi ndChi | dPart Byl D( &rai nPart, ' MODv');
Throwl f Ni | (nmai nPart);

/1l Restore the resources chain.
gResourceUtilities->Rest oreConponent Resour ces( ol dResour ces);

Once your window exists, you can show it or hide it, activate or deactivate it. To do so, use the IMFWindow
interface, and call Show() and Activate(). Y ou should only need to do that in the I3BDExModul€e' s methods Hydrate/
Dehydrate, and Activate/Deactivate.

Check the Modeler sample for implementation.

Setting a Child Part’sValues

Before opening an dialog, you must set up the dialog to the current values, the default values, or the last values that
the user entered. To do so, you must first find a pointer on the part’ sinterface. That is done with
IMFPart::FindChildPartByI D. Use this method on a part at the top of you parts hierarchy to find the item you want to
modify, and then change the value of that item either by using its own interface or viathe regular IMFPart interface.
If we rework the example of the dialog box given above, here is what we can have:

TMCCount edPt r <I MFPart > di al ogPart ;
TMCCount edPt r <I MFDi al ogPart > di al og;
voi d* ol dResources = NULL;

bool ean result = fal se;

gResourceltilities->Set upConponent Resour ces(your Fami | yl D,
your Cl assl D, &ol dResour ces);
gPartUtilities->CreatePartByResource(&di al ogPart,

kMFDi al ogResour ceType, yourDi al ogl D) ;
gResourcelUtilities->RestoreConponent Resour ces(ol dResour ces);

/1-- Now let's say you want to set a itemval ue before opening the dial og:

TMCCount edPt r <I MFPart > edi t Text ;

real 32 val ue;

di al ogPart - >Fi ndChi | dPart Byl D( &edi t Text, yourltemnl D);

if (leditText) return result;

value = 1.0;

edi t Text - >Set Val ue( (voi d*) & al ue, kReal 32Val ueType, true, false);

/1-- Now open the dialog
di al ogPart->Querylnterface(lID_| M-Di al ogPart, (void**)&di al og);
result = dial og->CGo();

//-- Get the value if we exited thru &K
if (result)

{
edi t Text - >Get Val ue( (voi d*) & al ue, kReal 32Val ueType);
do sonething with it...
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/1-- We are done with the dial og
di al og- >Fi ni shed();

return result;

Most of the parts can be accessed using the IMFPart interface. For example, the TMFStaticTextPart, the
TMFEditTextPart, the TMFLinearSliderPart, and the TM FRadioClusterPart are handled by the IMFPart interface.
Then of course, various IMF* child part examplestieinto different IMF* interfaces, like tab partstieinto
IMFTabPart.

Examples of Specific user interface elements

The following examples show how to implement specific user interface elements.

Registration Dialog box

Here is a code snipet that shows aregistration dialog that collects aname and number. Thisillustrated how to use text
boxes (EditTextPart parts). Before getting to the code, you need to create the appropriate items in M CSketch:

e Create a’Dlog’ resource and choose an ID for it (say 1000)

e Put 2 TMFEditTextPart partsinside your dialog. If you drag and drop the Edit Text element of the Part Palette
on the left, it comesinside a TMFScrollPart, which will allow your text to scroll. Be careful to select the
TMFEditTextPart and not the TMFScrollPart (look at the Part Properties pal ette on the right)

o Assign a4 letters "part ID" to each of your TMFEditTextPart parts (say 'Name' and ' SeNb').

o Add some Static text parts to have a nice looking dialog. Give atitle to your dialog.

bool ean Regi strati onbi al og( TMCStri ng& nane, TMCString& seri al Nunber)
{

TMCCount edPt r <I MFPart > di al ogPart ;

TMCCount edPt r <| MFDi al ogPart > di al og;

voi d* ol dResources = NULL;

bool ean result = fal se;

nane = kNul | String;
serial Nunber = kNul | Stri ng;

//-- Load dial og resources
gResourcelUtilities->SetupConponent Resour ces(your Fam |yl D,
your Cl assl D, &ol dResour ces);
gPartUtilities->CreatePartByResource(&di al ogPart,

kM-Di al ogResour ceType, 1000);
gResourcelUtilities->RestoreConponent Resour ces( ol dResour ces);

/1-- Find dialog itens
TMCCount edPt r <I MFPart > naneText Part;
TMCCount edPt r <I MFPart > seri al Text Part;

di al ogPart - >Fi ndChi | dPart Byl D( &anmeText Part, ' Name’');
if (!'naneTextPart) return result;

di al ogPart ->Fi ndChi | dPart Byl D( &seri al Text Part, ’SeNb’);
if (!serial TextPart) return result;

/1-- Now open the dialog
di al ogPart->Querylnterface(l|D_I MFDi al ogPart, (void**)&di al og);
result = dial og->CGo();

//-- Get the value if we exited thru K
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if (result)

{
nameText Part - >Get Val ue( (voi d*) &ane, kStringVal ueType);

seri al Text Part - >Cet Val ue( (voi d*) &seri al Nunber, kStringVal ueType);
}

/1-- We are done with the dialog
di al og- >Fi ni shed();

return result;

}

Tab Part

To create atab part you'll need to set up the .r and .rsr files as described below.

Inthe .rfile:
o Add anew part inyour .r file, that lists all the tabs you want to include in your user interface.
o Create anew resource, called TABS, and select an ID number for this new part. The ID number must be within
the range of 127 and 5,000.
o Createalist of all your pages, respectively giving another ID for your page, its name and the ID of the icon with
which you want to associate it.

Y ou will obtain something like this:

resource ‘TABS ( id_of tab )

{
{

id_of first_page, nanme_of _the_page, id_of _the_assiociated_icon,

Inthe .rsrfile:

In thisfile, you first have to create a TabPart. To do so, create a simple node and change the class name into
TMFTabPart. This part will contain two other nodes which will be the hosts for the icons and pages areas
respectively. Then, put on some parametersin the Custom Tokens area. There actually are four possible tokens:

e TABS: it'sthe only required parameter. Enter it next to the id you have previously chosen for your tab
(id_of_tabinthe .rfile).

e icoT: it'san optional integer. Set it equal to 1 to associate icons with your tab pages.

e alNI: it's optional boolean. By default, Carrarawill put the name of your page above your icons. If you set this
boolean to 1, the name of your pages will be then displayed beside your icons.

¢ Page: it’sanother optional integer. By default, Carrarawon’t open any tab page. If you set thisinteger to avalue
(between 1 and the number of your pages), Carrarawill open the indexed page. Thisindex isbased on the order of
the pagesin the .r file (within the resource ‘ TABS' you previoudly created).

To learn more about custom tokens, see “ Extra Tokens for Each Part” on page 36.
Creating icons

Let's deal now with the icons area. Create a node inside the TMFTabPart, and change the class name into
TMFTabArea Also change the Part ID to TabA. Thisis the default name for the shell to recognize this node asthe
host for icons. To finish, put on the ‘top’, ‘bottom’ and ‘left’ constraints.

Then, for the pages area, create a simple node within the TMFTabPart. Change the Part 1D into Host. Thisis aso the
default name for the shell to recognize this part as the host for user interface tab pages. To finish, set al the
constraintsto on.
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Creating a Component Chooser

Quite often in the interface you need the user to choose an item. And quite often, the possible item is one component
plugged into the Shell. For example, the Properties Palette of Carrarafor any object allowsto apply a Constraint to
that object by selecting in thelist of all the constraints currently plugged into Carrara’ s Shell. Once chosen, the Ul's
component shows up, and the user can set the parameters of the component. Y ou may also notice that most of the
time, the component chooser is a collapsible part.

That kind of Ul item is aways done the same way in Carrara. The whole operation is done by what we call the
component chooser.

A component chooser is avery powerful tool, with only afew limitations. For example, although most of the time
choosing the component is done for a given family, you are not restricted to only one family. Or you may want the
part to be collapsible or not.

There are two major types of component choosers :

o the single component chooser; to be used when you need just ONE component at the time.
o the multiple component chooser; to be used when you want a dynamic list of components.

In this example, let’s focus on the most common : the single component chooser. To create a single component
chooser you'll need to set up the .r and .rsr files as described below.

Inthe .rsrfile:

In thisfile, you first have to create a single component chooser. To do so, create a simple node and change the class
name into TSingleComponentChooser. Then, put on some parameters in the Custom Tokens area.

To learn more about custom tokens, see “Extra Tokens for Each Part” on page 36.

MCSketch

zot thisis a placeholder. This section needs help from lan.

MCSketch provides a cross-platform tool for user interface data creation. It adds the ability to edit your own resource
template.

Extra Tokens for Each Part

Many parts have features that do not show up in MCSketch as buttons in the Properties palette. Y ou set the values for
these extra features in the "Custom Tokens' box in the Part Properties palette of MCSketch. Warning : thereis no
control from MCSketch about the content of this text box. Therefore, you need to follow strictly the Token Manager
syntax rules (which are the same as the syntax rules of the file format : pairs of token and value).

For an example of how to create tokens, see the SDK\Samples\LightSources\Light\Light.r and Light.rsr files.

List of all Ul elements (parts)

When you want to create a Ul element in MCSketch (for example, abutton in adiaog), you can either drag and drop
apreset one from the Part Palette on the left, or select the right menu item from the M FWindow/Plugin Group#xxx
sub menus.

The Part Properties palette then shows several important pieces of information about the part you just created:

e The Root Class Name : thisis the name of the C++ object behind the element.
e The Class Name: often, you want in fact to instantiate a more sophisticated version of this C++ object. For
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example, you can create a TM FEditTextPart (atext box), but in fact you want a TMF3DUnitEditTextPart (to have
unitsin your text box). Simply type "TMF3DUnitEditTextPart" in the Class Name field.
e The Custom Tokensfield : alow you to set up additional parametersto your part if they cannot be set through
an editor (see“Extra Tokens for Each Part” on page 36).
o The Editor specific to the part : for example, a TMFEditTextPart editor allows you to change the default text, set
the text type, justification, etc.

TMFEditTextPart - Edit Text part

Purpose :
Root Class :

Default Class Name::
Other possible Class Names :
Supported interfaces :

Supported value types::

Free text entry or numerical values entry

TMFEditTextPart

TMFEditTextPart

TMF3DUnNItEditTextPart

IMCUnknown, IMFPart, | ShComponent, and |MFResponder
kintl6VaueType, kint32VaueType, kRea 32VaueType,

kint32MinMaxOnlyValueType, kReal 32MinMaxOnlyVaueType, kStringVaueType

Editor in MCSketch : yes

Custom Tokens:
Token Type Default value Purpose
NtyA boolean false Notify on al changes (hot just the end of the editing)
SpnB boolean true Display a"spin box"
Ntfy boolean true Notify if valueis out of range

Comments : None

TMFIlconButtonPart
Purpose: zot
Root Class: TMFIconButtonPart

Default Class Name :
Other possible Class Names:
Supported interfaces:

Supported value types:

Editor in MCSketch :
Custom Tokens::

TMFIconButtonPart
none
IMCUnknown, IMFPart, | ShComponent, and | M FResponder

yes

Token

Type

Default value

Purpose

Comments:

TMFTextButtonPart

Purpose :
Root Class :

Default Class Name :
Other possible Class Names::
Supported interfaces :

Supported value types:

Editor in MCSketch :
Custom Tokens::

TMFButtonPart

TMFButtonPart

TMFlconButtonPart,

IMCUnknown, IMFPart, | ShComponent, and | M FResponder

yes

Token

Type

Default value Purpose
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Token Type Default value Purpose

Comments:

TMFDialPart

Purpose : zot

Root Class:

Default Class Name :

Other possible Class Names::

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose

Comments:

TMFHierarchicalListPart

Purpose : zot

Root Class:

Default Class Name :

Other possible Class Names :

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose

Comments:

TMFImagePart

Purpose : zot

Root Class:

Default Class Name::

Other possible Class Names :

Supported interfaces : IMCUnknown, IMFPart, | ShComponent, and |MFResponder
Supported value types :

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose
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Token Type Default value Purpose
Comments :
TMFCheckboxPart
Purpose : zot
Root Class:

Default Class Name:

Other possible Class Names :

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose
Comments :
TMFColorPart
Purpose: zot
Root Class:

Default Class Name :

Other possible Class Names :

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose

Comments:

TMFOverlaylmageControlPart

Purpose : zot

Root Class:

Default Class Name :

Other possible Class Names :

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose
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Comments:

TMFRadioPart

Purpose : zot

Root Class:

Default Class Name::

Other possible Class Names :

Supported interfaces : IMCUnknown, IMFPart, | ShComponent, and |MFResponder
Supported value types :

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose
Comments :
TMFToolbar Part
Purpose : Selection of tools
Root Class: TMFNodePart
Default Class Name : TMFToolbarPart
Other possible Class Names::
Supported interfaces : IMCUnknown, IMFPart, | ShComponent, and | MFResponder,
IMFT ool barPart
Supported value types : kint16VaueType, kint32VaueType
Editor in MCSketch : no
Custom Tokens:
Token Type Default value Purpose
HorL boolean true Defines whether the toolbar isin ahorizontal (true) or vertical (false) ori-
entation
TBAR int16 0 Reference to a TBAR resource whose tools will be loaded into the tool bar
Glob boolean true Defines whether the toolbar is global (true) or local (false). Global tool-

bars enforce mutual-exclusivity of tool selection across all global toolbars,
while local toolbars only enforce it within itself.

TIRc IDType Definesthe part ID of the part that should receive tool selections (SelfMen-
uAction or SelfToolAction). If thistoken is not defined, tool selections
will be passed to the first responder.

SpSz int32 5 Defines the space between tools

RAct boolean fase If true, toolswill respect the activeness of their enclosing window (i.e.,
toolswill be disabled if the window is disabled). If false, toolswill ignore
the window activeness.

Comments:

TMFNodePart

Purpose : zot

Root Class:

Default Class Name :

Other possible Class Names :

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
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Supported value types:
Editor in MCSketch :
Custom Tokens:

Token Type Default value Purpose

Comments:

TMFAutoCenteringPart

Purpose : zot

Root Class:

Default Class Name :

Other possible Class Names :

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose

Comments:

TMFBalloonPart

Purpose: zot

Root Class:

Default Class Name :

Other possible Class Names::

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types :

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose

Comments:

TMFWindoidPart

Purpose : zot

Root Class:

Default Class Name :

Other possible Class Names :

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :
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Custom Tokens:
Token Type Default value Purpose
Comments :

TMFDialogoidPart

Purpose : zot

Root Class:

Default Class Name :

Other possible Class Names :

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose

Comments:

TMFCollapsiblePart, TM FSelectableCollapsiblePart

Purpose: zot

Root Class:

Default Class Name :

Other possible Class Names::

Supported interfaces : IMCUnknown, IMFPart, | ShComponent, |MFResponder, and
IMFCollapsiblePart

Supported value types:

Editor in MCSketch :

Custom Tokens:

Token

Type Default value Purpose

Comments:

T SingleComponentChooser

Purpose : L et the user choose a component from a pop-up menu. Many features
included automagicaly, like selection/drag’n’drop, mini-part display, etc.

Root Class: TMFLeaf Part

Default Class Name : TSingleComponentChooser

Other possible Class Names : TSingleCompChooserWithWireFrame, TSingleCompChooserWithPreview
Supported interfaces : IMCUnknown, IMFPart, |ShComponent, IMFResponder,
IMFCoallapsiblePart, and 1 SingleComponentChooser

Supported value types:: "comp’ (AKA kComponentValueType

Editor in MCSketch : no
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Custom Tokens::

Token Type Default value Purpose

fmly IDType Family ID of the componentsto fit into the menu.

bnon boolean true Is’none’ avalid option ?

shof boolean true Show the family name.

Mskl uint32 0 Include Mask for the pop-up menu

MskE uint32 0 Exclude Mask for the pop-up menu

Sort boolean false Sort the pop-up menu by family name.

Subm boolean false Sub-menu mode : true will create sub-menus of the items by sub-family.
Thetitle of the sub-menu is the sub-family string (in the COMP resource).

Mini boolean false Useamini part ?If true, the collapsible state displays the part that is speci-
fied in the COMP resource of the component, and linked to the PMap.

Name string NAme of the component chooser.

shpp boolean true Show the pop-up.

SHos IDType ID of the selectable host.; that must be a parent of the chooser.

Comments :

TMultipleComponentChooser

Purpose:
Root Class:
Default Class Name :

Other possible Class Names :

Supported interfaces :
Supported value types:
Editor in MCSketch :
Custom Tokens :

zot

IMCUnknown, IMFPart, | ShComponent, and | M FResponder

Token Type Default value Purpose
Comments :
TMFFramePart
Purpose : Draws a frame in the bounds of the part
Root Class : TMFNodePart
Default Class Name : TMFFramePart
Other possible Class Names: none

Supported interfaces :
IMFFramePart
Supported value types:
Editor in MCSketch :
Custom Tokens::
Comments :

TMFGradientPart

Purpose:
transparencies
Root Class:

IMCUnknown, IMFPart, | ShComponent, | MFResponder, and

none

no

none

Draws a horizontal or vertical gradient between arbitrary colors and

TMFNodePart
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Default Class Name : TMFGradientPart
Other possible Class Names::
Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types: none
Editor in MCSketch : no
Custom Tokens :
Token Type Default value Purpose
SitF Fill Attr. black Start Fill
EndF Fill Attr. white End Fill
SrtT real32 0 Start Transparency (0.0 to 1.0)
EndT real32 0 End Transparency (0.0 to 1.0)
Vert boolean false Defines whether the gradient runs left to right (false) or top to bottom
(true)
Comments :
TMFNodeRefer encePart
Purpose: zot
Root Class:

Default Class Name :

Other possible Class Names::

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types::

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose

Comments:

TMFRadioCluster

Purpose : zot

Root Class:

Default Class Name :

Other possible Class Names::

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose

Comments:

TMFScrollPart

Purpose: zot
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Root Class:

Default Class Name :

Other possible Class Names::

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose

Comments:

TMFSlider, TMFCircular SliderPart, TMFLinear Slider Part

Purpose : zot

Root Class:

Default Class Name :

Other possible Class Names :

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose

Comments:

TMFSolidColor Part

Purpose : Fillsthe part boundswith a color
Root Class : TMFNodePart
Default Class Name: TMFSolidColorPart
Other possible Class Names : none
Supported interfaces : IMCUnknown, IMFPart, |ShComponent, IMFResponder, and
IMFSolidCol orPart
Supported value types : none
Editor in MCSketch : no
Custom Tokens:
Token Type Default value Purpose
Fill Fill Attr. white Fill (color)
Trns real32 0 Transparency (0.0 - 1.0)
Comments :

TMFESplit3Part

Purpose : zot
Root Class :

Default Class Name:

Other possible Class Names :
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Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :
Custom Tokens::

Token Type Default value Purpose

Comments:

TMFCollapsibleListPart

Purpose : zot
Root Class :

Default Class Name:

Other possible Class Names :

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder

Supported value types:
Editor in MCSketch :
Custom Tokens :

Token Type Default value Purpose
Comments :
TMFVectorPart
Purpose: zot
Root Class:

Default Class Name :
Other possible Class Names::

Supported interfaces : IMCUnknown, IMFPart, | ShComponent, and |MFResponder

Supported value types :
Editor in MCSketch :
Custom Tokens :

Token Type Default value Purpose

Comments:

TMFListPart, TMFRuledListPart, TMFStringL istPart

Purpose : zot
Root Class :

Default Class Name :

Other possible Class Names :

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder

Supported value types:
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Editor in MCSketch :
Custom Tokens::

Token Type Default value Purpose
Comments :
TMFOffscreenPart
Purpose : zot
Root Class :

Default Class Name :

Other possible Class Names :

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose
Comments :
TMFPoppedPart
Purpose: zot
Root Class:

Default Class Name :

Other possible Class Names::

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose

Comments:

TMFRectPart

Purpose : zot

Root Class:

Default Class Name :

Other possible Class Names :

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :
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Custom Tokens:
Token Type Default value Purpose

Comments:

TMFStaticTextPart

Purpose : zot

Root Class:

Default Class Name :

Other possible Class Names :

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose
Comments :
TMFTextPopupPart
Purpose: zot
Root Class:

Default Class Name :

Other possible Class Names::

Supported interfaces: IMCUnknown, IMFPart, | ShComponent, and | M FResponder
Supported value types:

Editor in MCSketch :

Custom Tokens:

Token Type Default value Purpose

Comments:

Interfaces supported by each Ul element (part)

Thefollowing table summarizesthe list of implemented interfaces for each User Interface element that you can create
in MCSketch. Thisinformation can also be found in the invidual decription of each part (see “List of all Ul elements
(parts)” on page 36). Very often, you need to talk to a part using several interfaces, using Querylnterface to get

pointers on these interface. In the dialog example above, we talk to the dialog as a|MFPart and as a IMFDialogPart.

All partsimplement :
IMCUnknown, IMFPart, | ShComponent, and |MFResponder.
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Most of the time, using IMFPart::SetVaue, IMFPart::GetVaue, and other IMFPart callsis good enough to set up

your Ul elements. However, some parts implement additionnal interfaces for special purposes.

Table 3: Additionnal interfaces supported by some Ul elements

Class Name Additionnal supported interfaces
TMFCheckboxPart IMFImageControl Part
TMFColorPart

TMFOverlaylmageControl Part
TMFRadioPart

TMFToolbarPart

IMFImageControl Part, IMFToolbarPart

TMFWindoidPart

IMFWindow

TMFDial ogoidPart

IMFWindow, IMFDialogPart

TMFFramePart

IMFFramePart

TMFCircularSliderPart
TCircularConstraintSliderPart
TMFLinearSliderPart
TLinearContraintSliderPart

IMFSliderPart

TBitmapSliderPart

IMFSliderPart, IMFBitmapSliderPart

TMFSolidColorPart

IMFSolidColorPart

TColorPickerSwatch

TMFTabPart IMFTabPart
TComponentUI Part I M FParameterComponentPart
TParameterPart IMFParameterPart
TTextureM apPart I TextureM apPart
TMFListPart IMFListPart
TMFRuledListPart

TMFTextPopupPart IMFTextPopupPart
TMF3DUnitsPopupPart

TMFFontListPopupPart

TMFFontStylePopupPart

TMFI conPopupPart
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Counted Pointers

Using counted pointers allows you to easily deal with reference counting by hiding the callsto AddRef() or Release()
directly.

Note: After construction of an object, its reference count should be 1.
Before you begin, it is important to outline why reference counting is important:

1. Itismuch safer. Y ou can much more easily avoid double-deletes, leaks and other memory problems
using reference counting. Sometimes you need to keep references to things that normally would be
deleted. For instance, in TMFAction and subclasses, it is convenient to keep referencesto itemsthat are
removed, reordered, deleted, etc. Without reference counting, it may be impossible to keep the pointer
valid without leaking.

2. ltisactualy easier in some cases to keep reference counts. Keeping reference counts alleviates the need
for ownership of pointers. To use a metaphor: last one out turns off the lights.

3. You have no choice. In COM-based applications, reference counting is required. For instance, in order
to pass an | SceneDocument interface to an external component, you need to implement a reference
count for that object. If you simply reference count TSceneDocument, and not its parent classes (includ-
ing TMFResponder), then half of the object is reference counted and half is not. And once the reference
count becomes zero, the object is destructed, even though the pointers that were not reference counted
till think that the object is valid.

Defining Classes that May Need to be Counted

Here are some rules for defining classes that may need to be counted:

o Derive your class from TMCSMPCountedObject.

o Make the destructor protected; it can be privateif thereis no sub-class.

o Make the constructor protected; it can be privateif thereis no sub-class.

o Provide a static “ Create::(T**)” method. (“Create::(T** P1, ...)" if other parameters are needed for constructor.)

TM CCountedObject/TM CSM PCountedObject

These objects implement simple reference counting. In Carrara, only TM CSM PCountedObj ect should be used
because it uses an atomic counter for reference counting and is thus compatible with multi-threading.

Note: AddRef() and Release() need to be virtual MCCOMAPI's so that real COM objects can subclass from
TMCSM PCountedObject and override the functions. However, this should not add any size overhead, since
subclasses of TMCSM PCountedObject should already have virtual destructors.

Destructors

Destructors for all subclasses of TMCSM PCountedObject should be protected and virtual. Y ou should never call
delete on any such object — use Release() instead.

Be careful: C++ lets you make members more public without warning (so check your class to make sure what access
level the destructor should be).

Also, be sure you do not rely on destructors to remove their objects from global lists.

This clearly cannot work, since if an object is on aglobal list (that is presumably reference counted), the destructor
will never be called, since there will always be areference to the object.

Using AddRef() and Release()

Basically, there are only two rules for proper reference counting:
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1. Call AddRef() whenever you assign areference counted pointer to avariable.
2. Cdl Release() whenever you are done.

Experienced COM programmers out there might realize that we are one rule shy of listing al of the COM rules for
reference counting. The rule that we are missing is: Call AddRef() before returning. That'strue, it's gone, but because
of theway TMCCountedPtr works, we need to adjust for it. TMCCountedPtr AddRef()s on assignment, which
includes function return values. So technically, the AddRef() occurs after the function return, so rule (1) applies.

However, if you don't use a TM CCountedPtr, you need to explicitly call AddRef() on function returns when they
return a reference counted value.

Note: We're till OK on Querylnterface() though, since the assignment happens inside the function, so you won't
need to call AddRef() after returning from Querylnterface().

TMCCountedPtr

The above rulesimply alot of calsto AddRef() and Release(), which can clutter the code to unreadability.
TMCCountedPtr's make things much easier since they call AddRef and Release to implement the rules above.

TMCCountedPtr is a behavior-wrapper for a pointer to any class that implements AddRef() and Release() (including
TMCCountedObject). TMCCountedPtr overrides many operators (including *, ->, &, =, and cast) in order to call
AddRef() and Release() at appropriate times and check pointers when necessary. See TM CCountedPtr.h for more
information.

The only datain TMCCountedPtr is the pointer itself and there are no virtueless, so the class has no size overhead.
It isatemplate class and should be used thus:

TMFResponder * f MyResponder; //old becones
TMCCount edPt r <TMFResponder > f MyResponder; //new

Since the destructor calls Release(), TM CCountedPtrs are best used as stack-based objects or class data members
only. Do not use TMCCountedPtr* or use TMCPtrArray<TMCCountedPtr<T>*>, since you want their destructor to
be called automatically.

Do not pass TM CCountedPtr's as arguments to functions. It is not necessary, since passing parameters does not keep
areference (so no AddRef() needs to be called).

Remember, only if you assign to a variable do you need to call AddRef().
TMCCountedPtrArray
TMCCountedPtrArray isto TMCPtrArray what TMCCountedPtr isto T*.

TMCCountedPtrArray<T> is atemplate class that is a subclass of TMCClassArray< TMCCountedPtr< T > >, It
should be used thus:

TMCPt r Array<TMFResponder *> f MyResponders; //old becones
TMCCount edPt r Array<TMFResponder >f MyResponders; // new

These arrays are a cross between TMCPtrArray and TMCClassArray, since they have properties of both. For
instance, TM CCountedPtrArray<T>::iterator::First() returns a TM CCountedPtr<T> (likea TMCPtrArray), butitisa
class array, so destructors are automatically called (and thus Release()) on removal from the list.

Miscellaneous

Note: Y ou also cannot create counted objects on the stack, since that involves an implicit destructor at the end of the
scope. For instance, you cannot do this:

{
}

TVFW ndow nyW ndow( . . .);
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Instead, use a TM CCountedPtr and call the static Create() fuction. Therelease will be called by the implicit destructor
on the TMCCountedPtr.

{
TMCCount edPt r <TMFW ndow> myW ndow;

TMFW ndow: : Cr eat e( &y W ndow) ;

Note: Y ou need to be careful to handle cycles correctly. A cycle occurs when object A hasareferenceto B and B has
areferenceto A. If acycleis created, the objects will never be destroyed even if there is no reference to the cycle
outside of itself ! It isbest to avoid cyclesin counted reference. To avoid cycles you should defines which object is
the owner of the other object: for instance, if A owns B, then A keeps a counted reference to B but B keep an
uncounted reference to A.

Reference Count Optimizations
TMCCountedPtr's are indiscriminate. They reference count everything, even when you don't really need to. For

instance,
{
TMCCount edPt r <TMFResponder > r = Get Fi r st Responder () ;
r - >DoSonet hi ngThat W1 | Not Rel ease() ;
r - >DoSonet hi ngEl se();
}

Y ou do not really need a counted pointer here, since you are not keeping a reference beyond the scope of the function,
and the function DoSomethingThatWilINotRel ease() will not decrement the reference count onr, so it won't go away
out from under you.

| mplementing Create

Implement Create as follows:

void TMyd ass:: Create(TWMyC ass** a)

{
TMCCount edCr eat eHel per <TMyd ass> result(a);

result = new TWC ass;

}

| mplementing a Counted Pointer Access Method

The accessor to a Counted Pointer can be implemented as follows:

TObj ect A ass* TMyCl ass: : Get NoAddRef ()

{
return fQCbject
}
Or
void TMyd ass:: Get (TObj ect G ass** a)
{
TMCCount edGet Hel per <TObj ect  ass> result(a);
result = fCbject; // fObject is a counted pointer
}
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| mplementing Querylnterface()

Querylnterface should aways return something for IlUnknown. Thisis usually done by calling Querylnterface on the
parent class. Here is an example of implementation of QuerylInterface:

MCCOVErr TMyCl ass: : Querylnterface(const MCIID& riid, void** ppvObj)

{
if (riid == 11D_I3DExlInstancePrinitive)
{
TMCCount edGet Hel per <l 3DExI nstancePrimtive> result(ppvj);
result = static_cast<I3DExlnstancePrimtive>(this);
return MC_S OK;
}
return TParent d ass:: Querylnterface(riid, ppvQoj);
}

Helper Classesfor Counted Pointers

Carrara provides two helper classes for Counted Pointers: TM CCountedGetHelper and TM CCountedCreateHel per.

Y ou use TM CCountedGetHelper to implement a*“ Get” operation, or a similar interface. Thiswill Release the
previous object if there was any, clear the handle, and help you affect a new value, and do the AddRef. It will check
as many things are OK as possible.

Y ou use TMCCountedCreateHel per in a“ Create” method (Typically when you create your counted object with the
new operator (which initializes the RefCount to 1)). It also does plenty of validity checks.

It isimperative to use these new classes if you want to be able to track AddRefs/Release calls. Without that, the
debugging code can’'t match AddRef and Release. It isimperative to not call AddRef and Release explicitly, as these
calls can't be tracked either.

All COM objects should implement the proper Querylnterface for 11D_IMCUnknown.

Here are afew examples of uses for these two new classes (please study them carefully.)

Example of TM CCountedGetHelper

//Use with void**

N
MCCOVEr r TMFBaseW ndow: : Queryl nterface(const MCIID& riid, void** ppvhj)
N e e
{
if (MCsEqual lID(riid, I'lD_|MWndow))
{
TMCCount edGet Hel per <I MFW ndow> resul t (ppvQoj);
result = (I MFW ndow*) this;
return MC_S OK;
}
return TMFNodePart:: Querylnterface(riid, ppvObhj);
}

//Use with type, no conditional affectation
voi d TMFBaseW ndow: : Get W ndowFi r st Responder ( TMFResponder ** out Responder)

const

{
TMCCount edGet Hel per <TMFResponder > resul t (out Responder);
result = fFirstResponder;

}

/1 Use with type, conditional affectation *outDocunent can be NULL at the
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voi d TMFDocunent : : Fi ndDocFor Fi |l e(TMCFi | e* afile, TM-Docunent**
out Docunent)
{
TMCCount edGet Hel per <TMFDocunent > resul t (out Documnent ) ;
TMCCount edPt r Array<TMFDocunent >: ;i t erat or
i ter ( TMFDocunent : : sDocunent Li st);

for (TMFDocunent* aDocunent = iter.First(); iter.Mre(); aDocunent =
iter.Next())
{
i f (aDocunent - >Fi ndDoc(afile))
{
result = aDocunent;
}
}
}
/la more conpl ex use of the GetHel per, you need to use both a TMCCount edPtr and
/1a TMCCount edCet Hel per because the type are different. If, |ike before, you were
//not using a TMCCountedPtr for 'conponent', the reference tracking would be
/| wrong.
voi d TConponent Ul : : C oneConponent (| ShPar anet er Conponent **res)
{

TMCCount edGet Hel per <I ShPar anet er Conponent > resul t (res);
TMCCount edPt r <TConponent > conponent ;

Cl one( &conponent) ;

resul t =static_cast <TConponent Ul *>(*&conponent) ;

}
Example of TM CCountedCreateHel per

/I exanpl e of TMCCount edCr eat eHel per

voi d TMFW ndoi dPart :: Creat e(
const TMCW ndowl nf 0& i nW ndowl nf o,
const EW ndoi dTypei nW ndoi dType,
TMFW ndoi dPar t ** out Cbj ect)

TMCCount edCr eat eHel per <TMFW ndoi dPart > resul t (out Obj ect);
result = new TMFW ndoi dPart (i nW ndowl nfo, inWndoidType); //Init count
to 1, no AddRef

/1 an other exanple of TMCCount edCreat eHel per
voi d TBrushMask: : Cl one( TConponent **res)

{
TMCCount edCr eat eHel per <TConponent > result(res);
TConponent U * newConp = new TBrushMask(); //Init count to 1, no AddRef
Cl oneConponent Ul Dat a( newConp) ;
resul t =newConp;
}

TMCCountedPtr vsInterface Pointer

Always use TM CCountedPtr in function cores but pay attention to cycle references when the pointers are contained
in an object.

Here is an example of the correct way to use a TM CCountedPtr:

{
TMCCount edPt r <i nterfaceType> ptr;

Querylnterface(lID_interfaceType, (voi d**) &ptr);
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ptr->function(...);

The same code with an interface pointer:

{
interfaceType *ptr=NULL; /1 don't forget to initialise to NULL
/1 'l (not necessary with counted ptr)
Querylnterface(lID_interfaceType, (voi d**) &ptr);
ptr->function(...);
ptr->Rel ease(); /1 do not forget this or will |eak
}

Two functionsreturning I nterfacePtr

There are two ways to get an InterfacePtr:

interfaceType *Getlnterface(); /1 does no AddRef
GetInterfaceType(interfaceType **); /1 does a AddRef
For example:
TMCCount edPt r<i nterfaceType> ptr; /1 or interfaceType *ptr;

obj ->CetInterface(&ptr);

Never return a CountedPtr

For example:
interfaceType *Cetfdf kdsjfk()
{
TMCCount edPtr<..> ptr;
return ptr;
}

What happensin this caseisthat the ptr will be released at the end of the function. So you will pass areference to
something that has just been released. This may cause crashes, specially in optimize compiled code, since the
debugger often modifies the scope of variable for debugging purposes. Therefore those crashes are very difficult to
find. If you happen to have crashes in optimize compiled code but not in debug compiled code, check the returned
arguments for countedPtrs and local variables.

Creating objects

Objects should have a reference count of one when you just called their constructor. Thisis necessary for aggregation
purposes. So if you write a CoCreatel nstance function you should be careful to do a Release() after the
Querylnterface or your reference count will be 2 when you get out of CoCreatel nstance.

Aqggregation

If an object keeps areference to an interface to an other object with which it is aggregated, this pointer should not be
counted (as it would make it impossible to delete the object).

However you usually need to call Queryinterface to get thisinternal reference which will do a AddRef on the
aggregated object. So be sure to call Release just after the Querylnterface. Thisis possible as the reference count is
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initialized to 1.

Not all of the points concerning the aggregration are discussed here. Y ou should at |east be aware that Querylnterface
and Release cannot be done in an aggregation asin asimple object.
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Utilities

This chapter describes details about the utilities included with Carrara.

Many global utilities are available to extensions. They are initialized automatically by the SDK library when the
Extension is loaded. Y ou access these utilities through global variables.

Examples:

o File and streaming

o Memory allocation, off screen buffers, pixel iterators
o Menus, mouse action (for tracking), drag/drop

o Component utilities

o Etc.

Various Shell Utilities (IShUtilities)

Use the I ShUtilities interface with the gShellUtilities pointer to access to various services from the Shell. These
servicesinclude:

o Progress bar management

e Time count (TickCount)

e Random number generation

o Low level derts

o Image "pixel buckets"

e Open documents browsing

o MMX utilities (Windows only)

e Text metrics, cursor, fonts list, keyboard low level tests, etc.

Thread Utilities (IShTreadUtilities)

I ShTreadUtilities and gShell TreadUtilities are used to launch and kill cooperative threads. Note that those threads
are not preemptive threads. If you want to launch preemptive threads, you should use | ShSM PUtilities.

Component Utilities (IShComponentUtilities)

Use | ShComponentUtilities and gComponentUtilities to manage components from your extension. The main
purpose isto create components. Y ou can then use Querylnterface to initiate a more personalized discussion with the
component.

SMP Utilities (IShSMPUtilities)

Use I ShSM PULtilities and gShellSM PUtilities for multi-tasking management (launching a new thread, killing one,
etc.). See “Multi-Threading” on page 71 for details about multi-tasking.

Action Utilities (IShActionManager)

I ShActionM anager and gActionManager are used to post Actions and Mouse Actions. Y ou can also test the status
of modifier keys of the keyboard (Contral, Alt, etc.).
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Menu Utilities (IShMenuUtilities)

Use | ShM enuUtilities and gM enuUtilities to manipulate menus: you can dynamically build menus, enable and
disable menu items, etc.

Part Utilities (IShPartUtilities)

I ShPartUtilities and gPartUtilities are used to create Parts (usually from aresource built in MCSketch). The most
useful call of thisinterface is CreatePartByResource.

Resource Utilities (IShResourceUtilities)
Use | ShResour ceUtilities and gResour ceUtilitiesto load any kind of resources stored in your DTA file by using
GetResource or GetlndResource.

Use GetlndString to load string resources (STR#) with automatic Windows-to-MacOS or MacOS-to-Windows
ASCII trandation.

Before any resource loading operation, make sure that the current resourcefileis properly set on your DTA file by
encapsulating your resource calls between SetupComponentResources and RestoreComponentResource.

File Handling (IShFileUtilities)

The utilities used to access and manipulate file streams are | ShFileUtilities, | ShFileFor matUtilities and
| ShFileStream. Another interface that you should become familiar with is IMCFile.

The global variablesto use are gFileUtilities and gFileFormatUtilities.

Creating Files

When creating files, you never inherit from IMCFile. When you need to create afile, create it through
I ShileUtilities::Createl M CFile by doing the following:

TMCCount edPt r <I MCFi | e> nyFi | e;
gFileUtilities->Createl MCFil e(&wyFile); // Note the '&

/1 Then you can use nyFile at your leisure (don't forget it's a COM object)
nyFile-> ...

Remember that when you see a Shell procedure with a double deferencing in its parameterslist, it means a returned
COM parameter, very much like in Querylnterface.

Examples:

I ShUtilities:: GetFontlList(IMFontList** outFontList);
| ShMenuUtilities:: CreateMenu( TMFMenul nf o& i nl nfo, | FMvenu** out Menu);

Opening Files

Once you created a IMCFile object, you can use it to manipulate afile. Link the interface to the physical file using
SetWithPathname or SetWithFull Pathname.

Example:
TMCCount edPt r <I MCFi | e> aFi | €;
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gFileUtilities->Createl MCFile (&aFile);

TMCDynami cString path;
gShel | 3DUti Iities->Cet Last | mageOpenPat h( pat h) ;
aFi | e->Set Wt hPat hNanme( pat h) ;

gFileFormat Utilities->0penFil eD al og(Di al ogNane, aFil e,
i nTypes, Format 1, For mat 2) ;
aFi |l e->Get Fi | eNane( pat hNan®) ;

Working with Streams

This example shows how to write out to a stream.

TMCf streant stream = NULL;
ui nt 32 nblnst = 0;
TMCCount edPt r <I 3DShScene> scene;

TMCSt ri ng1023 ful | Pat hNane;
file->GetFileFull Pat hNane(ful | Pat hNane) ;

stream = new TMCf strean(ful | Pat hNane. Str Get (), TMC ostream : out);
Throwl fNi | (stream;

/1l Fai | Nl L(stream;
/1 Fai | OSErr((intl16)stream>InitFileStrean(full PathName, kSh-
StreanCut) ) ;

//stream >Set MacOSI nfo('ttxt'," TEXT'); // Needed on the Mac, WII| not do
anything on the PC

Wit eDXFBegi n(strean;

Personality Utilities (IShPersonalityUtilities)

| ShPer sonalityUtilities and gPer sonalityUtilities can be used to get the color settings of the Ul. Y ou will probably
never need it.

Drag & Drop Utilities (IShDragAndDropUtilities)

I ShDragAndDropUtilities and gDragAndDr opUtilities and used for 2 things: creation of drop candidates and drop
areas, and launching a drag-and-drop action.

Change Management (IChangeManager)

| ChangeM anager and gChangeM anager are used to Change Management. Change Management is a powerful
messaging feature in Carrara. It works by creating “channels’ (see | ChangeChannel interface), to which “listeners’
(IChangelL istener) can subscribe. Anyone can then “post” messages on this channel, al listeners will hear about
them.
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Clipboard Utilities (IMFClipboard)

IMFClipboard and gClipboar dUtilities are used to implement copy/paste across extensions and across the Shell. A
IMFClipping interface is used to encapsul ate the copied data.

3D Utilities (13DShULtilities)

I 3DShUtilitiesand gShelI3DUtilities give alot of utility routines specific to Carrara (the previous utilitieswere more
focused on the framework itself, not the 3D stuff). There are lots and lots of goodiesin there, from documents, rooms
and modules management, to animation utilities and shader utilities.
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M CCommon References

This chapter introduces the M CCommon references included with Carrara. It provides an overview of the application
framework. Some of the MCCommon classes are documented in the Reference.

The M CFrame application framework provides an open architecture that allows you to create a seamless integration
of externally developed components. It includes a single user interface format (similar to the dta format on the
Macintosh) for cross platform use. Thereis also a cross-platform tool (M CSketch) provided for user interface data
creation.

The frameworks provides basic classes with default behavior for most application-independent functionality such as
windows, controls, dialogs, files, etc.

The framework is composed 3 layers:

e MCCore
e MCFrame (MCF)
e MClimage

Resources are also stored in a platform-independent way. The resource files (.dta) are the same on both platforms and
contain a dump of the Macintosh resource fork. The Macintosh Resource Manager is not used by MCCore; rather,
MCCorereads resourcesitself. Thetools “ Data Resource Compiler” and “ Res2Data Postlinker” trandate datafilesto
their Mac resource equivalents and vice versa.

Each classin the platform independent part generally beginswith TMF. Each MCCore class begins with TMC. Each
classin the platform dependent part generally begins with either TMAC_MC or TWIN_MC.

MCCore Interfaces
MCCore provides low-level 1/O functionality such asfiles, streams, and memory. The associated files are the IMC*
and MC* headers. MCCore provides alevel of abstraction to hide platform-specific code.
The main interfaces of MCCore are:

o IMCGraphicContext: provides Draw, Fill, Blit, GetSystemGCPtr, etc.
¢ IMCFile: provides Get/Read/Write files
¢ IMCFont and IMCFontList: provide accessors to the fonts, individualy or asalist.

MCCore aso provides a number of low level classes such as dynamic arrays (TMCArray, TMCPtrArray,
TMCClassArray...), smart pointers (TMCCountedPtr), color classes (TMCColorRGB, TMCColorRGBAS...),
rectangles (TM CRect), networking (TMCSocket)....

MCF Interfaces

MCEF provides user interface level functionality such as view system, menus, and widgets. The associated filesare the
IMFEX*, IMF*, and MF* headers. MCF provides a hierarchical view system at the user interface level of the
framework.

There are two main interfaces:

o IMFEXPart: provides SelfDraw, SelfMouseDown, SelfMouseMoved, etc.
o IMFEXResponder: provides Receive, SelfMenuAction, SelfPrepareMenu, SelfKeyDown/Up, etc.

User Interface Flexibility

MCF interfaces provide complete user interface flexibility to extensions.

Extension user interfaceislaid out using MCSketch. Refer to “M CSketch” on page 36 to learn more.
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Y ou can add a part extension for any visible user interface part component that you want to extend. When the shell
loads that user interface element from afile, it seesthe part extension, and connects the internal user interface part to
the extension part. An extension can over-ride any method in the part to put in specialized behavior. An external part
can also call back to internal part for standard behavior from its method (simulating inheritance!)

MClmage Interfaces

M Clmage provides data storage and shared code area.
MClmage provides interfaces for:

¢ Color models and color pickers

o Application independent Import/Export (2D/3D specific Import/Export APISto0)
o RasterL ayer Utilities (basic layer/channel/tile/pixel interface)

o MC Photoshop Host (Imagel O based component)
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Failure Handling

Using the Failure Handling

Correctly handling the Failure Handling of Carrarawill ensure that your extension will performin the best conditions
and protect your user for unpleasant situations...

The failure handling in Carrarais based on the standard C++ catch-and-throw scheme. Ray Dream Studio developers
will haveto replace their TRY, SUCCESS and CATCH macros by the standard C++ "try’ and 'catch’ keywords.

General rules

o |f anything goeswrong in your code, you are allowed to fail (by calling throw), Carrarawill catch the failure
event and displays the infamous “ Program Error” dialog box. After that, normal life starts again, so your user can
till save hig’her work.

o Every time you call a Shell routine, it can fail (especially when allocating memory). So your extension may
want to be prepared for it to perform some clean-up during the Failure Handling phase, or even analyze the prob-
lem, treat it, and resume execution. Y ou do this by implementing a Failure Handler, using the catch keyword.

¢ Sincethe schemeis not based on returning error codes, your code stays clean and readable. Y ou implement Fail-
ure Handlers only where necessary.

A first simple example

Consider the following code. We are going to allocate 2 buffers, and we want to make sure that the first buffer is
deleted if the allocation of the second one failed. We also want to delete them if anything goes wrong in the other
procedures we call when using these buffers.

voi d Fail ureSanpl el()

{

char* bufferl = NULL; // Always initialize to NULL

char* buffer2 = NULL; // Always initialize to NULL

try /1 This encapsul ates the "protected" code

{ [I/-- “Protected” code starts here --
bufferl = (char*) nalloc(128000); // malloc will fail if unsuccessful
buffer2 = (char*) malloc(256000); // Still here ? Go for the 2nd nall oc!

..... do whatever you like here (it can trigger failures just fine)....
free(bufferl); bufferl = NULL,; /'l W are done. Note that the pointers
free(buffer2); buffer2 = NULL; |/l are set to NULL

} [1-- End of “protected” code

catch(...)

{ [//-- Failure Handler starts here
/1 Somet hi ng wrong happened either during the calls to nalloc or during
/1 the code in the mddle or in sub procedures. Perform cl ean-up.
if (bufferl) free(bufferl);
if (buffer2) free(buffer2);
throw;, // IMPORTANT ! This will pass the failure over

} //-- End of Failure Handler

}

Some comments on this code. As you can see, we do no test if bufferl is NULL after the malloc, because we know

©2001-2005 Eovia. All rights reserved.



Page 66 Failure Handling

that if the allocation failed, we shall jump directly to the Failure Handler and not go any further. Likewise, if any
subprocedure fails for one reason or another, it will jump directly to your Failure Handler, bypassing al the stack

levels.
Overdl, the code style is much more compact and readable than a classic error handling code, which would look like
this:
|l ong Cl assicFailureSanple() // W need to return an error code :-(
{
char* bufferl = NULL;
char* buf fer2 = NULL;
| ong error;
bufferl = (char*) malloc(128000);
if (bufferl == NULL) return -1;
buffer2 = (char*) nall oc(256000);
if (buffer2 == NULL)
{
free(bufferl);
return -1;
}
error = SubProc(...);
if (error)
{
free(bufferl);
free(buffer?2);
return error;
}
/1-- Done at |ast
free(bufferl);
free(buffer2);
return O;
}

Typicaly you end up writing more error handling code than useful code, and your code becomes unreadable. Or you
have to use the infamous got o to group your error handling at the end of the procedure. Moreover, you constantly
have to pass over the error codes returned by sub procedures and test them. Most of the time, you end up not writing
any error handling code at all...

Let go back to sample 1, and highlight afew things.

Initializing your local variables properly

It isvery important that al local variablesthat are used in your Failure Handler are alwaysin a“known state”,
especially pointers. Remember that the processor can “jump” in your Failure Handler at any time until you are done
in your protected code block.

¢ Every time you declare a pointer, set it to NULL immediately.
e Every time you free an object, set its pointer to NULL immediately after.

Thisway your Failure Handler can always safely test your local variables pointers and know if it hasto do anything
of not.

Local variablesthat are not used in the Failure Handler do not require anything special.
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The Failure Handling Chain
Every time you create a Failure Handler using t r y, it adds your Failure Handler at the top aglobal chain. When the
t ry block is completed, it removes the Failure Handler from the chain.

Thisway, if each Failure Handler callst hr ow properly, each clean-up will be performed one after the other until the
top level, where the Shell posts the cursed Program Error dialog.

Triggering a Failure yourself by using throw, ThrowlIfNil(),
ThrowlfNoMem(), and ThrowlfError()

It may be useful in some situations for your code to launch a Failure to abort in despair. To do this, you uset hr ow,
Throw fNi I (), Throw f NoMen(), or Throw fError():

Throwing an error will force the processor to jump to the first Failure Handler in the Failure Handling Chain. Any
code located after t hr owwill never be executed.

In addition, you can use ThrowlfNil (), ThrowlfNoMem(), and ThrowIfError() and other conditional throw routines.
Use ThrowlfNil to throw if the pointer passed as a parameter isNULL. A NIL pointer error message will appear.

Use ThrowlfNoMem to throw aNULL pointer asthe result of amemory allocation failure. A "Not Enough Memory"
error message will appear.

Use ThrowlfError() with an error code parameter, to throw if this error code is not zero. An appriopriate message
(depending on the error code value) will appear.
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Error codes

Table4: Standard error codes of Carrara

Value Meaning M essage
0 No error or silent error None
-1 Generic Program Error “Program Error”
-2 Memory Manager error. Heap has been “Memory suballocation error(-2)”
corrupted
-3 Bus error "Program Error(-3)"
-4 Bus error or OS exception "Program Error(-4)"
-5 A NULL pointer has been found "Null pointer error(-5)"
-6 "Program Error"
-7 Problem when reading file "Wrong file format"
-8 Going off alist "List out of bounds"
-9 Memory Manager error. Heap has been "Memory suballocation error(-9)"
corrupted
-34 Disk isfull “Disk full”
-36 File Open error "Fileaready in use or |eft open"
-39 End of file error "End of file"
-42 Too many files open "Too many files open"
-43 File not found "File not found"
-45 Fileislocked "File locked"
-46 Volumeislocked "Disk locked"
-49 Fileis already open with write permission | "File aready in use or left open”
-50 Parameter error
-53 Volumeis offline "Disk not available"
-102 No object of that type in scrapbook "the specified format is not in the edition”
-108 Out of memory "Not enough memory"
-128 User has cancelled None
-490 User Break
-30001 Unsupported file format "Problem opening this file. Unsupported file format”
-30002 Genericfilei/o problem "Problem reading thisfile"
-30003 Memory startup problem "Not enough Memory to launch”
-30004 Windows Graphics space error "Not enough Graphic memory space (GDI) to launch"

©2001-2005 Eovia. All rights reserved.




Failure Handling

Page 69

Table4: Standard error codes of Carrara

Value Meaning

M essage

-30005 Windows User space error

"Not enough User memory space (windows, menus...) to
launch"

-30006 File not found when reverting

"Disk copy deleted"

-30008 Error in Save Again

"Document currently open"

-30009 Wrong File Type

"Not the right kind of document"

-30010 Unimplemented feature "Feature not yet implemented”

-30011 The C++ class could not be found "\"A3\": Missing Sofware component";

-30012 The Class signature could not be found "Missing Sofware component”

-30013 Drive mapping error "Could not map network to local drive. All drives A:
through Z: arein use"

-30014 External texture error "External Texture Map or Movie not found"

-30015 Corrupted data error "File had corrupted data"

-30016 DirectDraw init error “Direct Draw driver needsto be installed"

-30017 MacOS system memory error "Not enough memory left for the system (Finder)"

-30018 Help memory error "Not enough memory left to open the Help file"

Message parameter coding

Y ou can use the message filed of the TM CException class to have more control on the alert that will be posted.

L et hiMessage be the high 16 bits and |loMessage the lower 16 bits of message.

Table5: Message values

hiMessage Meaning
0 loMessage is an Action Number (likein CMNU or TBAR resources). The Shell will try to find the cor-
responding name and display it in the alert. Example : Program Error in “ Save As...”
OXFFFF loMessage isthe ID of aALRT/DITL resource. If aDITL item contains a0 substituion tag, it will be
replaced by the name of the error as found in the Errorstable.
OxFFFE loMessage is an error code used by Carrarato parse his errors string table.
other values Carrarawill post an alert containing the string located at the loMessage index in STR# (hiMessage).

Failing Silently

Sometimes, you will want to fail silently, i.e. abort without posting the Program Error dialog. To do this, pass 0 asthe

error code and message:
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t hrow TMCException(0, 0);

All failure handlers will be processed, but no dialog will appear.

Recovering from a Failure

In some situation, your code can decide that it treated the Failure to its full extent and that normal execution of the
code should resume. For example, you may have tried to allocate avery large buffer in RAM and it failed, but your
code has an aternate solution (using a smaller buffer for example).

To do this, simply do not call t hr ow at the end of your Failure Handler. The processor will exit the cat ch block
normally and keep going. It is perfectly safe and legal to do so.

Some (lazy) programmers use thisin combination with t hr ow TMCExcepti on(., .) toexit quickly from a deep
part of their code and go back at the top level, using the “message” parameter of the TMCExcept i on to pass over
some information of what happened.
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Multi-Threading

This chapter explains the use of Multi-Threading with Carrara and the various issues that arise when an extension is
called from threads (for instance during the rendering)

Two types of threads.

Carrara has two different types of threads:

o Cooperative threads do not run concurrently. The cooperative threads have to call IShThreadUtilities::Yield-
Processes on aregular basis so that the other threads can be executed.

o Preemptive threadsrun concurrently. If your system has more than one processor, each thread can run on a dif-
ferent processor.

Y ou should use cooper atives threads when you are calling functions that are not reentrant. Cooperative threads tend
to be easier to manage because there is no synchronization issues.

Y ou should use preemptive thr eads when you are want to take advantage of the multiprocessor or when you want to
make sure your threads does not block the application. Y ou should note that the rendering is using preemptive threads
so you have to make sure that the calls to your extensions that are called during the rendering are reentrant.

Extensions and multi-threading

Using preemptive threads means that your extension might be simultaneously running on many (two or more)
processors. So if your extension is using global variables, static members, or those types of features, each processor
will share and modify that information at the same time. That means they will influence each other. In other words,
each processor will introduce bugs on the other processor’ s computations.

Do not use static membersor global variablesif you are using SMP.

To make your life easier certain type of extensions are duplicated (cloned) by the Shell so that you do not have to
worry about the fields of your extensions being accessed by two processors. Here isthe list of the extensions that use
adifferent copy for each thread:

o Ambient Light
o Atmosphere

e Backdrop

¢ Background

o Shaders

All other type of extensions are shared between the various threads. If a method of your component is called during
the rendering, you must make sure that it is reentrant because on a multiprocessor system, it will probably be called
by both processors. Note that a number of calls are protected by critical sections so that only one processor can call it
at the same time (for instance GetFacetMesh). However if you are not sure, you should make your calls reentrant.

Now, if you are familiar with Multi-threading i ssues and want to write an extension that uses the full power of the
platform in a specific way, Carrara’s SDK providesinterfacesto do so. If you areinterested, ook at the files/Include/
MCCommon/IShSMP.h
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DataBase Overview

Carrara stores all the data of currently open documentsin a global database. Third party extensions can access this
database to access or modify these data. To each open document corresponds one scene.

Scene

A Sceneis mostly comprised of 2 structures:

o An Object List, that contains all the Objects used in the scene.
o A Scene Tree that contains the hierarchical structure of the scene. This defines the positions and relationships
between Tree Elements. These tree elements can be object instances, light sources, cameras and groups.

Objects

Objects (also called Master Objects) contain the geometric information defining its surface regardless of its position.
They aso contain the texture coordinates of the object. The Master Objects used in a Scene are located in the Objects
tab of the Browser window in Carrara.

There are two types of Master Object (I3DShObject): Primitives (I3DShPrimitive) and Master Groups
(I3DShMasterGroup).

Primitives are the basic objects that are located in the toolbar asicons. There are different classes of primitives.
Carrara defines a certain number of default internal primitives (the Polygon Array, the Patch Array, the Polygon
List...). However most of the primitives are external primitives (coded in regular extensions) like the Cube, the
Sphere, the I socaedra, etc. The Sdk allows you to create your own type of primitive.

Scene Tree and Tree Elements

The scenetreeisahierarchical structure containing Tree Elements (they implement the interface
I3DShTreeElement).

There are four types of tree elements:

e Object I nstances: they implement 13D Shinstance, 13D ShShadableTree
o Light Sour ces: they implement 13DShLightsource, 13DShinstance

e Cameras: they implement I3DShCamera, 13DShinstance

e Groups. they implement I3DShGroup, 13DShShadableTree

Those elements are detailed below. All these elements have 2 thingsin common:

e aposition in 3D space (orientation, location, scaling, etc...)
e aname

Object Instances

An object instance is a tree element that has a reference to a Master Object in the object list. Therefore there can be
multiple instancesin a scene of a same object. This object can be either a Primitive (I3DShPrimitive) or a Master
Group (I3DShMasterGroup).

Theinstance also defines the shading of the object and implements I 3D ShShadableTree and points to a one of the
Master Shader of the scene.
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Lights
A Light Sourceisatree element. There can be as many lights as needed in a scene. Light Sources are implemented as
Extensions.
Cameras
A Cameraisanother type of tree element. Like lights, there can be many camerasin a scene. One of them will be the
Rendering Camera, i.e. the camerathe final image will be rendered from. Cameras are implemented as Extensions.
Groups

A Group is atree element used to gather other tree elements together. It can be open or closed.

Master Groupsvs Primitives

In order to make clearer these two notions, let’ s consider a basic example. We are supposed to model a scene with
two columns (seefig. 1).

First using regular instances, we can make the parallel with aclassin C++. Basically, if we change the color or the
shape of the Column Master Object, these two instances will change as well.

However, we are not able to “factorize” the position or orientation. If we want to move the base of the column, it will
not move the base of the other column.

As opposed to the previous situation, by using Master Groups, moving the base of one column resultsin moving the
other one. Indeed, in that case, the transformations are automatically updated.

Coordinate Systems

Global Coordinate System

When you look at the Assemble room in Carrara, the axis of the Global Coordinate System are organized like this:
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Figure 1. The Global Coordinate System

The projection of the (0, 0, 0) origin fallsin the middle of each plane of the Working Box (the origin is not the far
corner of the box). Thel, J, K vectors are the unit vectors of the X, Y and Z axis.

Working Box Coordinate System

The Working Box Coordinate System is defined by the position of the Working Box. Asthe Working Box can be
moved and rotated in Carrara, this coordinate system can be useful in some complex scenes. However, this systemis
never used when dealing with Extensions, so we will just mention it here.

L ocal Coordinate System (or Object Coordinate System)

The Local Coordinate System (a so sometimes called the Object Coordinate System) define the system of an object or
agroup. Itsaxis, origin and scale depends on the positioning of the object in space.
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Figure 2. The Local Coordinate System of an object in a scene

Thei, j and k vectors are the unit vectors of the x, y and z axis.

Screen Coordinate System

When arendering occurs, the 3D data is projected onto the screen through the rendering camera. The axis of the 3D
coordinate system attached to the screen islike this:
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Horee o

Figure 3. The Screen Coordinate System

As one can see, the objects seen by the camera have a negative z coordinate. The screen and the Screen Coordinate
System are centered on the camera’ s center.

The Screen Coordinate System versus the Camera’s Coordinate System

Thereisadight difficulty here. The camera’ saim isaong they axis of itstransformation. As aresult, hereisthe
Local Coordinate System of the camerain the previousfigure:
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Figure 4. The camera’s Local Coordinate System

Y ou do not need to worry too much about this difference, because transformations calculated by the 3D Shell takes
thisinto account. It isimportant only if you intend to position a camerain a scene.

The screen pixels space

The Screen Pixels Space is the actual Pixels coordinate system used to render the final image. Its unit systemisin
Points, as opposed to all other coordinate systems which arein 3D units. As aresult:

1 3D unit = 288 points
because 1 inch = 72 points. More on the units business is covered later.

It is oriented with its vertical axis going down, and its (0, 0) origin in the top |eft corner of the image:
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Figure 5. The Screen Pixels Space

Geometry

Geometric data type: 32-bit floating point (float)

All geometric dataisin 32-hit floating point format:
typedef float Real;

Units System
The units system used in Carrarais defined as follows:
1 3D unit =1 inch

All geometric data uses the 3D units. The various units shown by Carrarain the Propertiestray are just handled at the
user interface level.

The advantage of using afixed system like thisisthat there is no problem of data conversion into different units.

Tree Elements Transformation

Each tree element (object instance, light source, group or camera) is defined relatively to its parent in the tree.
Depending of the API procedure you call, you will get the transformation parameters that define the attitude of the
object in space in one format or another. Whatever callback you use, you will get the following data:

o A 3x3 rotation matrix R (or the 3 vectors that define it)
¢ A trandlation vector T
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¢ A uniform scaling factor s

To transform a point from the Local Coordinate System of this tree element into the Coordinate System of its parent,
the following formulais used:

M=9qRjm+T

with m the point in local coordinates, and M the same point in the parent’s coordinates.

To makeit easier to read, here is the same equation in expanded format for each x, y and z coordinate;
M, =s(R, xm, + R, xm + R, xm,)+T,
M, =s(R,xm, + R, xm +R, xm,)+T

M, =9R,xm,+R;, xm, +R,, xm,)+T,
With :

e m(my, my, my)point in local coordinates
* M(My, My, M )point in parent’s coordinates
* T(Ty, Ty, Ty)position of the tree element origin in parent’s coordinates

oS uniform scaling factor
R rotation matrix (see below)

Moreon therotation matrix:

If you consider the 3i(iy, iy, i), j(x, Iy, i) and k(ky, ky, k,) vectors of the Local Coordinates System, you can write
easily the R matrix by putting each vector in each column like this:

PR PR
[R] = iy J y ky
i, 0k
For additional information on transformation matrices and Tree Transformations, see the Data Structure chaptersin

the Reference.

Geometry basics

When you deal with objects, there are severa concepts to define that are related to the object’ s shape.

Surface Point

Carrara deals with surfaces, not volumes. An object is made of surfaces that can be arbitrary complex. A point P on a
surface is made of its x, y and z coordinates in the Object Coordinate System.
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Figure 6. A point on a surface
Surface Normal

The Surface Normal at a point is the vector perpendicular to a plan that would be tangent to the surface at that point.
The Normal is very important in 3D computer graphics, because it is heavily used for shading (especially in Phong
and Ray Tracing shadings). Normals are usually normalized (their length is equal to 1), and always point outward.

NiNx Ny ,Nz)

Figure 7. A Normal to the surface
Note that :

N2+ N2+ N, =1

UV Space (Texture Coordinate System)

Wrapping atexture (such as atexture map) on an object surface involves finding the correspondence (the "mapping")
between a 2D space (the image) and a 3D space (the object surface). Thetypical rendering questionis: "l have a point
P(x, y, z) on my surface, where should | look up in the texture map ?'.

When one deals with simple shapes (sphere, cube, cylinders, etc.), it is easy to find a mapping. When one deals with
complex objects (list of facets or patches), the matter becomes much more difficult. To solve this, most packages use
atechnique called "projection mapping": an intermediate imaginary surface surrounding the object is used, and the
textureis placed on it. Then the surface color at a point is calculated by using the part of the texture that the point is
facing.

The problem with thisisthat you can get awkward results when the object is very unlike the intermediate surface.
Unwanted deformation is atypical problem: you want the texture to shrink or enlarge only where the object surface
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does.

Parametric mapping - a better solution

The Carrara Spline modeler isin fact capable of generating what we call "UV spaces”, and the architecture of Carrara
can keep this information down to the facets or bicubic patches level, in order to allow direct mapping (also called
"Parametric Mapping").

Theideaisthis: because objects are built by combining 2D curves, it is possible to generate a 2D space that will
behave topologically like the object surface.

Figure 8. A typical u,v space on the side surface of an object

Every time you deal with a 3D point on the surface, you will be able to calculate the u,v coordinates for this point
(provided that the object supports UV spacing). Say you need to know if the point is covered by alayer. The location
of the layer isknown by the u,v coordinates of its corners. The test becomes asimple 2D test: "are the u,v coordinates
of the point inside a 2D rectangle 7.

Most of the time you get the u,v values from the 3D Shell. The only case where you have to generate them iswhen
you develop a geometric primitive extension.

If the object has some surface discontinuities, then several u,v spaces are generated for the object. For example if
your extrude a closed 2D curve, you will get 3 u,v spaces: one for the side surface, one for the back face and one for
the front face. Thisis becauseit is not possible to have a u,v continuity across these different parts of the object (think
of the problem of a napkin on atable). Each UV space has anumber (0, 1, 2...), called aUV Space ID.

Shading

The shading can be applied on an object by giving general properties (color, reflection...) to the object or by mapping
atexture on it. Thereis 4 ways of mapping atexture on an object.

o the parametric mapping,
o the box mapping,

o the cylindrical mapping,
o the spherical mapping.

The parametric mapping is the mapping using the UV Space information as seen in the last section. Thisisthe better
way of mapping, but because all objects don’t have necessarily a UV Space, four other ways of mapping are
provided.

The box mapping, the cylindrical mapping and the sphere mapping are obtained by projecting a texture on a cube,
cylinder or a cube on the object.
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Facets

There are two kinds of low level geometric data used for rendering, exporting, etc.: facets and bicubic patches.

HA
N

B
Figure 9. A 3D facet

Facets are triangles. Each vertex contains the (X, y, z) coordinates of the point, the Normal at this point, and the u,v
coordinates at this point. The facet also stores the u,v Space ID to which it belongs.

typedef struct VERTEX3D {

VECTOR3D f Vertex; /'l x, y, z vertex coordinates
VECTOR3D f Nor nal ; /1 Nx, Ny, Nz normal values at that vertex
NUVBD fu,fv; /|l Texture u,v values at that vertex
} VERTEX3D;
typedef struct FACET3D{
VERTEX3D fVertices[3]; /'l The facet three vertices
short f UVSpace; /1 UV Space ID this facet belongs to
short f Reserved; // Reserved - O
} FACET3D;

|nter polating in a facet

Interpolating a point in afacet is acommon exercisein 3D. If you call the vertices A, B and C, their Normals NA,
NB, NC, and their u,v values uA, vA, uB, vB, and uC, vC, then:

from:

P=o0A+pB+yC

you can interpolate:

N = aNA+ BNB +yNC

Don’t forget to renormalize the normal:

L
nni \/W
Likewise:
U= aUA+BuB +yuC
V=aVvA+pBvB+yWC

Of course, thisis an approximation of the real values, but facets are already approximations of the real surface. As
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long as facets are small enough, this works just fine.

Bicubic Patches

Bicubic patches are more interesting geometric entities. They can describe more complex surfaces than facets, and
are more resol ution independent. For example Extrusions created by Carrara’ s Spline modeler generate bicubic
patches. Turn on the Wireframe display; what you see are the boundaries of the patches.

Figure 10. A bicubic patch

A patch is made of 16 3D points. Y ou can think of a bicubic patch as a cubic Bézier curve that hasits 4 vertices
moving along 4 other Bézier curves.

typedef struct PATCH3D{

VECTOR3D fVertices[4]][4]; /1 The patch 16 vertices

NUMBD ful2]; /1 u values at the patch boundaries
NUMBD fv[2]; /1 v values at the patch boundaries
short f UVSpace; /1 WV Space ID this patch belongs to
short f Reserved; // Reserved - O

} PATCH3D;

One can think of abicubic Bézier patch as aBézier curve moving on 4 other perpendicular Bézier curves. Let’s apply
this concept to calculate a point on the surface.

The patch can be defined as a parametric surface of two normalized parameters, tu and tv.
Bicubic Patch = St , t,))
0.0<t,<1.0
0.0<t,<1.0

First consider the 4 Bézier curves defined by CO=(P00, P10, P20, P30), C1=(P01, P11, P21, P31), C2=(P02, P12,
P22, P32), and C3=(P03, P13, P23, P33), and calculate on each apoint at t,;:

Pn(tu) = POn(l_tu)3+ 3I:)ln(:l'_tu)ztu + 3I:)Zn(:l'_tu)tuz + Pyt :

3n*u

Then calculate the point at tv on the Bézier curve (PO(t), P1(t), P2(t,), P3(t,)) by re-using the same formulae as
above. Thisisthe result.

Patch normals
A nice thing about patchesis that you do not have to worry about storing normals: they are automatically defined by

the patch geometry. So this means that you do not have to calculate them for the 3D Shell. For the Mathematics savvy
reader, remember, normals are defined as:
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Patch u,v Space

The u and v values are constant along the patch boundaries.
POO, P01, P02, PO3: u[0] POO, P10, P20, P30: v[0]
P30, P31, P32, P33: u[1] P03, P13, P23, P33: v[1]

(u, v) values at any point on the patch is cal culated from these boundaries values by doing a Bézier interpolation.

(ur0], +{1])
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Figure 11. A patch (u,v) Space
To learn more about Bézier bicubic Patches

Read the excellent book « Introduction to Computer Graphics » by Folley - Van Dame -, published by Addison-
Weisley.

Also take alook at source of the examples of the Carrara SDK, like the Teapot primitive or the patch deformer.

Color

In Carrara, two ways are used to stock a color : first a COLOR3D (See the Data Structures chapter in Reference
Manual), then along. <zot> TColor3D??

In along (32 bits), we use this order ARGB, with the higher significant byte as A and the lower significante byte B.

32 24 16 8 0
Color inlong (32-bits) format.
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