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1. About the David Lanier 3D ® company

David Lanier 3D ® isacompany working as a service provider for the 3D graphicsindustry.
We are proposing consultancy as well as |eading edge development of custom software
tools to dramatically speed up your 3D production process.

Our business is designed around companies that need to create cutting edge 3D content very
quickly without sacrificing quality.

The range of applicationsinclude :

- Video games

- Feature Films and Visual effects

- Visualization and web (e.g. : Architecture, Advertisement, Design, Scientific Research,
Education ...)

We improve your 3D production workflow by devel oping custom plug-ins and scripts for
graphic software, such as:

- 2D : Photoshop, Illustrator ...

- 3D : 3D Studio Max and Character Studio, Maya, XSl ...

- Database managers : Visual Sour ce Safe, NxN...

- Others...

About David Lanier, founder of David Lanier 3D ® :

After my Applied Mathematics Engineer education, David started to work in the video games
industry at Kalisto Entertainment, France in 1998. Kalisto had about 100 graphic artists
(modellers, texturers, animators...) using 3D Studio Max, Character Studio, Maya,

Softl mage, Photoshop and Illustrator to create cutting edge game content.

He has worked during 4 yearsin the R& D department as a Lead Engineer of the tools team.
He has proven experience in analysing 3D production process and devel oping quick and
painless custom solutions per project to shorten their production time.

For example, “saving mouse clicks on complexes or repetitive process’ and “Designing tools
to be used by artists” are part of his core values. Heis aso used to delivering high-reliability
software on time and fully documented.

David' s experience includes texturing, materials, importers-exporters, skinning, rendering,
dynamics, animation, camera, checking assets for PS2 constraints, triangle-strips, database
managing, automation of complexes and repetitive process, objects properties editing, ...

He started to work with 3D Studio Max and Maya since the 2.5 releases in 1998. In 2000, he
has written an article for a professional web site in the video game devel opment : Gamasutra.
It dealt with 3D Studio Max programming :

http: //www.gamasutr a.convfeatures/20000614/lanier _01.htm.

During one year, David has worked at Bastilday, France. It was a company dealing with
leading edge middleware technology about vectorized textures compression. | was in charge
of developing the creation pipeline of this technology and its authoring tools.
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With his 5+ years of experience, he is now working as a Senior 3D Tools Developer and
training speciaist for CG programming. He is highly motivated, enthusiast in being a creative
service provider for artists, that is why he has developed this activity.

David has recently worked on the game from Ubisoft named Tom Clancy’s Splinter Cell :
Pandora Tomorrow.

Please, feel free to contact us at contact@dl3d.com to see how we can help you shorten your
production time.



© Copyright David Lanier 2004-2007. All rights reserved
3D Studio Max SDK Training session — contact@dl 3d.com — http://www.dl 3d.com

2. Introduction

3D Studio Max is based on a plug-in architecture. One can extend its functionalities by
developing plug-ins and scripts using the SDK and the Maxscript language.

This software has 2 goals :
- Create images or movies using 3D content (short movies, special FX, architecture,
marketing, advertisements...)
- Create 3D content to be used by another software (such as a game engine in avideo
game application)

Plug-ins development can be done in both fiel ds because both are common process.

In this document, we are going to see the main functionalities of 3D Studio Max
programming using the SDK in C++ language. Max SDK is something difficult to get into, so
be patient... With alittle bit of training, it becomes an application that you can extend easily
with pleasure.

This document is not intended to replace the documentation and we won't cover all features
from the documentation here. It exposes the main features of 3D Studio Max SDK and gives
our experience on how using this SDK in the best way.

Technically speaking, programming 3D Studio Max is accomplished using Microsoft Visual
Studio 6 (for versions prior to 5.1) or Visual Studio .NET 2002 for versions of 3D Studio Max
6 and above. It is not recommended to use another compiler.

So to start this training session, you will need Microsoft Visual Studio C++ (6 or .NET) with
the SDK installed. Use the “full configuration” option when installing 3D Studio Max from
the install CD because the SDK is not installed by default.

Let’s now see the different plug-ins categories we can develop for 3D Studio Max :
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3. The different plug-ins categories

Procedural Objects
Procedural Objects are the general class of developer-defined objects that can be used in 3ds
max.

Geometric Objects
These are the only procedural objects that actually get rendered.

Primitives

Primitive objects such as boxes, spheres, cones, cylinders, and tubes are implemented
as procedural geometric objects. These are derived from class GeomObject or
SimpleObject. Example code may be found in\ MAXSDK\ SAMPLES\ OBJECTS\ BOX. CPP,
SPHERE. CPP, CONE. CPP, €tC.

Particles

Developers may create procedural object particle system plug-ins. Some examples are
particles that depend upon procedural motion like fireworks, explosions, and water, or
particles that track the surface of objects like electrical fields or flame. Applications
can be derived from ParticleObject or SimpleParticle. Example code is available in

\ MAXSDK\ SAMPLES\ OBJECTS\ RAI N. CPP and

\ MAXSDK\ SAMPLES\ MODI FI ERS\ GRAVI TY. CPP.

L oft Objects
The 3ds max Lofter isimplemented as a procedural object plug-in. Developers may
define other modeling modules that fit this form.

Compound Objects

Compound objects take several objects and combine them together to produce a new
object. Examples are Booleans (which produce a new object using operations Union,
Intersection and Difference) and Morph objects. Sample code for the boolean object
can be found in\ MAXSDK\ SAMPLES\ OBJECTS\ BOOLOBJ. CPP.

Patches

Devel opers can create patch modeling systems that work inside MAX. The TriPatch
and Patch Grid are examples of patch objects. These plug-ins are derived from
PatchObject. See\ MAXSDK\ SAMPLES\ OBJECTS\ PATCHGRD. CPP, and TRI PATCH. CPP for
sample code.

NURBS

The NURBS API provides an interface into the NURBS objects used by MAX. Using
the API developer can create new NURBS objects or modify existing ones. See the
Advanced Topics section Working with NURBS for more information.

Helper Objects
Helper objects are items such as dummy objects, grids, tape measurers and point
objects. These objects may be derived from classes Hel per Obj ect Or Const Qbj ect .
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Sample code may be found in\ MAXSDK\ SAMPLES\ OBJECTS\ HELPERS\ GRI DHELP. CPP,
and PTHELP. CPP. See Class HelperObject and Class ConstObject.

Shape Objects

These are shapes such as Circles, Arcs, Rectangles, Donuts, etc. New splines may be
subclassed off SimpleSpline. Sample code may be found in

\ MAXSDK\ SAMPLES\ OBJECTS\ Cl RCLE. CPP, ELLI PSE. CPP, ARC. CPP, €tC.

Procedural Shapes

These are shapes that are defined proceduraly. An example procedural shape, Helix,
may be found in\ MAXSDK\ SAMPLES\ OBJECTS\ HELI X. CPP. When an edit spline
modifier is applied to a procedural shapeit is converted to splines with segments that
provide vertices in alinear approximation of the shape. This allows the procedural
shape to be edited. Procedural shapes may be derived from class SimpleShape. Other
examples include Procedural lines, and Text.

Any of these objects can be edited with an edit spline modifier or extruded or

surfrev d.

Lights

Developers may create custom plug-in lights. There are several classes from which
light plug-ins may be derived. These are LightObject, and GenLight. Example code
may be found in\ MAXSDK\ SAMPLES\ OBJECTS\ LI GHT. CPP.

Cameras

Developers may create custom cameras. The two classes from which cameras may be
derived are CameraObject and GenCamera. An example of aplug-in cameramay be
found in\ MAXSDK\ SAMPLES\ OBJECTS\ CAMERA. CPP.

Object Modifiers

Object modifiers are applied to objects in their own local transform space to modify them in
some way. Deformations like Bend, Taper, and Twist are examples of Object Modifier plug-
ins. Example code may be found in\ MAXSDK\ SAMPLES\ MODI FI ERS\ BEND. CPP, TAPER. CPP,
efc.

Extrude and Surfrev are also object modifier plug-ins. Sample code for Extrude can be found
in\ MAXSDK\ SAMPLES\ MODI FI ERS\ EXTRUDE. CPP.

Developers may also create surface modifier plug-ins to alter smoothing groups, texture
coordinates, and material assignments. See Class Modifier or Class SimpleMod.

Edit Modifiers

These plug-ins allow specific object types to be edited. For example, an Edit Mesh modifier
allows objects that can convert themselvesinto triangle meshes to be edited, while an Edit
Patch modifier allows objects that can convert themselves into patches to be edited. Edit
modifiers typically allow the user to select sub-object elements of the object (vertices faces
and edgesin the case of the Edit Mesh modifier) and perform at least the standard
move/rotate/scal e transformations to them. They may al so support additional operations (such
as the extrude option of the Edit Mesh modifier). Example code may be found in

\ MAXSDK\ SAMPLES\ MODI FI ERS\ EDI TMESH. CPP.

Space Warps
Space Warps are basically object modifiers that affect objects in world space instead of in the
object slocal space (they were originaly called world space modifiers). Space Warps are
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non-rendering objects that affect other objects in the scene based on the position and
orientation of the other objects that are bound to the Space Warp object. For example, the
Ripple Space Warp applies a sine wave deformation to objects bound to it. Other examples of
Space Warps include things like explosions, wind fields, and gravity. Sample code may be
found in\ MAXSDK\ SAMPLES\ MODI FI ERS\ S| NWAVE. CPP.

Space warps are created in the Creation branch of the command panel, which makes them
dlightly different from regular modifiers (because they are combinations of space warp objects
and space warp modifiers).

Space warps may also affect particle systems. For example, aforce field can be applied to a
particle system by a space warp. The force field provides afunction of position in space,
velocity and time that gives aforce. The force is then used to compute an acceleration on a
particle which modifiesits velocity. For details see\ MAXSDK\ | NCLUDE\ OBJECT. H,

\ MAXSDK\ SAMPLES\ MODI FI ERS\ GRAVI TY. CPP, and \ MAXSDK\ SAMPLES\ OBJECTS\ RAI N. CPP.
A collision object can aso be applied to a particle system by a space warp. The collision
object checks a particles position and velocity and determinesif the particle will collide with
it in the next period of time. If so, it modifies the position and velocity.

Controllers

Controller plug-ins are the objects in 3ds max that control animation. Controllers comein
different types based on the data they control. The most common controllers are interpol ating
or keyframe controllers. Other controller types are position/rotate/scale, mathematical
expressions and fractal noise. Example controller code may be found in

\ MAXSDK\ SAMPLES\ HOATO\ PCONTROL\ PCONTROL. CPP, and NOI ZCTRL. CPP etc. Controllers
may be derived from Class Control or Class StdControl.

Systems

Systems are basically combinations of more than one type of procedural object, along with
optional controllers, or modifiers, or space warps all working together. These plug-ins can
provide high-order parametric control over very complex systems. An example system is
Biped which uses procedural objects and master/slave controllers.

Filelmport

These plug-ins allows 3D geometry and other scene data to be imported and exported to file
formats other than the 3ds max format. An example file import plug-in may be found in

\ MAXSDK\ SAMPLES\ | MPEXP\ 3DSI MP. CPP. These plug-ins are derived from Class
Scenelmport.

File Export

These plug-ins allows 3D geometry and other scene data to be exported to file formats other
than the 3ds max format. Sample code may be found in

\ MAXSDK\ SAMPLES\ | MPEXP\ 3DSEXP. CPP. These plug-ins are derived from Class
SceneExport.

Atmospheric Plug-Ins

These plug-ins are used for atmospheric effects. MAX s Fog, and Volume Fog are two
atmospheric plug-ins. Certain particle system-ish effects can be accomplished via
atmospherics more efficiently. For example, afire effect that is not done with particles but
rather as afunction in 3D space (the Combustion plug-in is a good example of this). Instead

of rendering particles you traverse aray and evaluate a function. These plug-ins typically use
very little memory relative to a particle system equivalent. Atmospheric plug-ins aso have the
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ability to reference items in the scene. (For example, MAX s Volume Lights reference lights
in the scene.) These plug-ins are derived from Class Atmospheric.

Plug-In Materials

These are additional developer-defined materia types. Examples are Standard, Mix, and
Multi/Sub-Object materials. New materials are subclassed from Class Mtl. Also seethe
section Working with Materials and Textures. The sample code for these plug-insisin

\ MAXSDK\ SAMPLES\ MATERI ALS.

Plug-In Textures

Procedural Texture plug-ins define 2- or 3-dimensional functions which can be assigned as
maps within the shader tree architecture of the Materials Editor. Maps may be assigned as
ambient, diffuse, specular, shininess, shininess strength, self-illumination, opacity, filter
(transmission) color, bump, reflection and refraction maps. These functions may vary over
time to produce animated effects. There are both 2D and 3D procedural textures, compositors
and color modifiers. These plug-ins are derived from Class Texmap. Also see the section
Working with Materials and Textures. The sample code for these plug-insisin

\ MAXSDK\ SAMPLES\ MATERI ALS.

2D Procedural
Examples of 2D texture are BI TMAP. CPP and CHECKER. CPP.

3D Procedural
Examples of 3D textures are MARBLE. CPP and NO SE. CPP.

Compositor
Some examples of compositors are MASK. CPP and M X. CPP.

Color Modifier

An example color modifier isRGB TI NT. CPP.

Developers that have created a 3D Studio/DOS SXP and a corresponding 3ds max
texture plug-in may want to have alook at Class Tex3D. It provides away to have an
instance of your 3ds max texture plug-in created automatically when the
corresponding SXPisfound in a3DS file being imported.

I mage Processing Plug-Ins

Filters

Filters may be used to alter images in the video post data stream. Filters may operate
on asingle image or may combine two images together to create a new composite
image. These plug-ins are derived from Class ImageFilter. Also see the section
Working with Bitmaps.

OnePass Filter

This plug-in type allows a single image in the video post data stream to be adjusted in
some manner. An example plug-in of thistypeis

\ MAXSDK\ SAMPLES\ POSTFI LTERS\ NEGATI VE\ NEGATI VE. CPP.

10
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Layer Filter

This plug-in allows two images to be composited to create a single new image. An
example of thistype of plug-inis\ MAXSDK\ SAMPLES\ POSTFI LTERS\ ADD\ ADD. CPP Or
\ MAXSDK\ SAMPLES\ POSTFI LTERS\ ALPHA\ ALPHA. CPP.

G Buffer

A G-buffer isused to store, at every pixel, information about the geometry at that
pixel. All plug-insin video post can request various components of the G-buffer.
When video post calls the renderer it takes the sum of al the requests and asks the
renderer to produce the G-buffer. Devel opers can use this information to create visual
effects that are impossible to achieve without access to a G-buffer. See Class GBuffer.

Rendering Effects

This plug-in typeisavailable in release 3.0 and later only.

There is anew item under the Rendering menu which displays the Rendering Effects dialog.
From this modeless dialog, the user can select and assign anew class of plug-in, called a
"Rendering Effect,” which is a post-rendering image-processing effect. This |ets the user

apply image processing without using Video Post, and has the added advantage of allowing
animated parameters and references to scene objects. The base class for these plug-insis Class
Effect. Sample code is available in the directory \ MAXSDK\ SAMPLES\ RENDER\ RENDEREFFECT.

Snap Plug-Ins

This plug-in typeisavailable in release 2.0 and later only.

This plug-in type allows custom points to be provided to the 3ds max snapping system. For
example adoor plug-in could provide a custom snap for the hinge center. See Class Osnap for
details. For sample code see\ MAXSDK\ SAMPLES\ SNAPS\ SPHERE\ SPHERE. CPP.

I mage L oading and Saving Plug-Ins

Image loading and saving plug-ins allow the image file formats |oaded and saved by 3ds max
to be extended. An example is the JPEG loader / saver. Sample code may be found in the sub-
directories of \ MAXSDK\ SAMPLES\ | O. These plug-in types are derived from Class Bitmapl O.
Device drivers are also derived from this class. See the sample codein

\ MAXSDK\ SAMPLES\ | O\ WSD\ WSD. CPP.

Utility Plug-Ins

These plug-ins are useful for implementing modal procedures such as 3D paint, dynamics,
etc. These plug-ins are accessed from the Utility page of the command panel. Example code
may be found in the subdirectory \ MAXSDK\ SAMPLES\ UTI LI TI ES. These plug-ins are sub-
classes off Class UtilityObj.

Global Utility Plug-Ins

This plug-in typeisavailable in release 3.0 and later only.

These simple utility plug-ins are loaded at boot time, after initiaization, but before the
message loop starts, and remain loaded. Thisis how the new 3ds max COM/DCOM interface
isimplemented. For details see Class GUP.

Track View Utility Plug-Ins

These plug-ins are launched viathe Track View Utility icon just to the left of the track view
name field in the toolbar. Clicking on this button brings up adialog of all the track view

11
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utilities currently installed in the system. Most utilities will probably be modeless floating
dialogs, however modal utilities may be created as well. These can provide general utility
functions that operate on keys, time or function curvesin Track View. Sample codeis
available in\ MAXSDK\ SAMPLES\ UTI LI Tl ES\ RANDKEYS. CPP, ORTKEYS. CPP and SELKEYS. CPP.
These plug-ins are sub-classes off Class TrackViewUtility.

Plug-In Renderers

Plug-In renderers are derived from the class Render er . The standard 3ds max scanline
renderer isitself derived from this class. In atrivial sense, there are only afew methods to
implement to create arenderer: Open(), Render (), Cl ose(), ResetParanms() and

Cr eat ePar anDl g() . See Class Renderer for more details on this plug-in type.

Shader Plug-Ins

This plug-in typeisavailable in release 3.0 and later only.

This plug-in type works with the new Standard material. It allows plug-in devel opersto add
additional shading algorithmsto the drop down list of available options (previously Constant,
Phong, Blinn, Metal). Thiswas only possible previously by writing an entire Material plug-in
(which could be amajor undertaking). See the base class for this plug-in type Class Shader for
details.

Sampler Plug-Ins

This plug-in typeisavailable in release 3.0 and later only.

This plug-in type works with the Standard material of release 3. A Sampler is a plug-in that
determines where inside a single pixel the shading and texture samples are computed. The
user interface of Samplers appearsin the Super Sampling rollout in the Sampler dropdown.
See Class Sampler for details.

Anti-Aliasing Filter Plug-Ins

This plug-in typeisavailable in release 3.0 and later only.

This plug-in typeis used for filtering and anti-aliasing the image. Documentation for the base
classfor thesefiltersisin Class FilterKernel. Sample Code is available in the subdirectory

\ MAXSDK\ SAMPLES\ RENDER\ AAFI LTERS.

Shadow Generator Plug-Ins

This plug-in typeisavailable in release 3.0 and later only.

The generation of shadows is accessible viathis plug-in type. The standard 3ds max mapped
and raytraced shadows have are plug-ins of thisform. See Class ShadowType and
ShadowGenerator for details. Thereis also a handy class for creating shadow map buffers.
See Class ShadBufRenderer.

Sound Plug-In

A sound plug-in can take control of sound/music production in MAX. These plug-ins control
not only the sounds they generate but also the system clock. They can thus coordinate the
timing of external sound input / output devices with the animation. Sound plug-ins can
provide their user interface as part of the 3ds max Track View.

Sound plug-ins are derived from Class SoundOb.

Color Selector Plug-In
This plug-in typeisavailable in release 3.0 and later only.

12
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This plug-in type provides the user with a custom color picker that appears whenever a
standard 3ds max color swatch control is clicked. These plug-ins are selected in the General
tab of the Preferences dialog. The color picker chosen is saved in the SDSMAX.INI filein the
"ColorPicker" section so that the choice is maintained between sessions. If the DLL for the
selected color picker isnot available, it will always default back to the "Default” color picker.
See Class ColPick for details.

Front End Controllers

These plug-ins alow a developer to completely take over the 3ds max user interface. This
includes the toolbar, pulldown menus, and command panel. See Class FrontEndController for
details.

Motion Capture Input Devices

Motion Capture Input Device plug-ins can now be written that plug-in to the 3ds max motion
capture system. See Class IMClInputDevice for details. Sample code is available in the
subdirectory \ MAXSDK\ SAMPLES\ MOCAP.

Image Viewer Plug-In

Animage viewer is available from the 3ds max File menu under View File. A developer may
replace the viewer DLL launched by this command to provide enhanced functionality for
image browsing. The source code for this viewer isin

\ MAXSDK\ SAMPLES\ VI EWFI LE\ VI EWFI LE. CPP. This plug-in is derived from Class ViewFile.

Notification Program

There is a program whose source codeisin

\ MAXSDK\ SAMPLES\ UTI LI TI ES\ NOTI FY\ NOTI FY. CPP. This program gets invoked by the
network manager to handle network progress notifications.

A developer may write another "Notify" program in order to do any proprietary type of
notifications. Note that "Notify" can be either a"*.exe", a"*.bat", or a"*.cmd" executable.
This allows auser to create asimple script file to do something without having to resort to
writing a binary program.

The current Not i fy. exe isvery ssimpleasit is used ssimply as ademonstration. It plays a
different wave file for each of the event types. If invoked with no command line, it will bring
up adialog box asking the user to define each of the three wave files. The dialog has
"Browse" buttons next to each wave file field which puts the user right into the Windows
"Media" directory where wave files are saved. There are also "play” buttons next to each
sound so they can be tested.

13



© Copyright David Lanier 2004-2007. All rights reserved
3D Studio Max SDK Training session — contact@dl 3d.com — http://www.dl3d.com

4. Plugin Wizard

First of al, every one should know that to create plug-ins for 3D Studio Max, you can start

from scratch by using a standard DLL Win 32 project or use the plug-in wizard for Visual
Studio 6 or .NET.

The plug-in wizard helps you quickly create source code for template plug-ins. The plug-in
wizard files must be set in the same directory as the others wizard for Visua Studio, just
follow the instructions given with the wizard.

Jdsmax Plugin Wizard - TestWizard

Welcome to the 3ds max Plugin Wizard.
Please select a plugin type below and dick Plugin Detsils to proceed.

% Please select a plugin type:
Plugm T‘{PE

:A0

"t || Atmospheric
Plugin Details |Poimssin
. ) |[Color Selector

Project Details | Construction Grid Objects
|[Contrallers

|[File Export

||File Import

(File List

Global Utility Plug-Ins

! Helper Objects

K Solvers

Image Filter / Compositor
[Image Loader | Saver
Image Viewer

||Lights

|I%

Cancel Help

Figure 1: The 3D Studio Max plug-in wizard for Visual Studio .NET step 1 of 3

In the above figure, we can select the plug-in category we want to generate source code for.
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3dsmax Plugin Wizard - TestWizard

Welcome to the 3ds max Plugin Wizard.
Please complete the plugin details below and dlick Project Details to proceed.

Please enter your plugin dass name:

Plugin Type TestWizard

FSi Detalts Please select a base dass:

| Filterkernel =]

Flease enter a plugin category:

Please enter a plugin description:

Cancel Help

Figure2: 3D Studio Max SDK plug-in wizard step 2 of 3

In the figure above we set the name of our plug-in and its base class if several classes are
available for this plug-in type. Then we enter a description as well as a category.
3dsmax Plugin Wizard - TestWizard

Welcome to the 3ds max Plugin Wizard.
Please complete the project settings below and dick Finish to generate the project,

Enter your MAXSDK path:
Plugin Type “

m

P Detks Enter your Plugin output path:

Project Details | J

Enter your 3dsmax.exe path:

[ Implement Parameter Maps

I Implement Extension Channels

Einish Cancel Help

Figure 3: 3D Studio Max Plug-in wizard step 3 of 3
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In Figure 3, we enter our SDK full path directory, our plugin output path and our 3dsmax.exe
directory so our settings are set correctly by the wizard.
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5. 3D Studio Max plug-ins mechanisms

Y ou can create plug-ins for 3D Studio Max. They are classical Win32 dynamic link libraries
(DLLS). These DLLs are loaded from directories defined by default in
MaxExeDirectory\stdplugs and MaxExeDirectory\plugins where MaxExeDirectory is the path
for the 3dsmax.exefile. Usually “c:\3dsmax6”.

Y ou can also add some plugins paths into the user interface (Ul) by using the menu
“customize” then the sub-menu “configure paths’ and then plug-ins.

These paths are usually saved in the 3dsmax.ini file in the same path as the 3dsmax.exe
directory.

5.1. Functions every Max plug-in should implement

Each DLL isloaded by the 3D Studio Max Plugin Manager to know which classes are
implemented and from which classes they are subclassed.

To do so, the Plugin Manager uses the 4 following functions :

DLLMai n() : classical function we found in every DLL

Li bDescription() : the DLL description, it returns a character string that
is used to be presented at the user when the DLL is not present while this
DLL has been used in the scene the user is trying to | oad.

Li bNunber Cl asses() : In a single DLL, we can define several 3D Studio Max

plug-ins (which is very rare in practice and should not be used if that’s

possible). So this function returns the nunber of classes ( = plug-ins)in
this DLL.

Li bCl assDesc() : This returns an instance of Cl assDesc class which contains
t he description of the plug-in(s) inplemented in this DLL

Li bVersion() : This function returns the version of 3D Studio Max SDK used
to conpile this DLL, if the version used is not the same as the current 3D
Stusio Max application, an error nessage is shown and the DLL is not

| oaded.

Usually, a plug-in made for a specific version of 3D Studio Max must be recompiled for each
new version of 3D Studio Max released.

Except from Max 4 to Max 5 the constant defined to VERSION_3DSMAX which contains
the version of 3D Studio Max had not changed.

The SDK provides you aglobal function to retrieve the 3DSMax version :

DWORD Get 3DSMAXVer si on() ;
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5.2. Plug-ins files extension

3D Studio Max plug-ins are not .DLL files. They use their own file extension. One of each
plug-in category.

Example:

DLU files : Plugin Utility
.DLI/.DLE files : Plugin Import/ Export
.GUPfiles : Global Utility Plugin.
.DLM files : Modifiers Plugin

etc

Warning :

Be careful, thisfile extension is used only for devel opers to know which plug-in category is
thisDLL, but the Plugin Manager doesn’t care about the file extension.

Conseguently, removing / changing afile extension is not enough to prevent a plugin from
being loaded by the Plugin Manager. To do so, you will have to remove it from the directories
where plug-ins are loaded.
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5.3. Loading / saving plugin data

Each plug-in can save its own local datain the Max scenefile. It will be saved in abinary
format as a chunk of the Max file format. That’s why it is difficult to be able to read a Max
file directly without launching the Max exe application. If the plug-in devel oper saves data
into a scene, the scene could not be opened correctly without its plug-in loaded.

Note :
Since 3D Studio Max release 6, it is possible to read a Max file without launching the
3dsmax.exe application. Y ou can download this on the Sparks web site.

Most of plug-ins categories have aload / save functionsto let you load / save custom datainto
aMax scene. These data are saved as chunks and not linearly. Thislets you do versions of
your plug-in and ensure backwards compatibility.

Example of a save function with a code snippet from the UVW Unwrap modifier plug-in :

#def i ne VERTCOUNT_CHUNK 0x0100
#def i ne FACECOUNT_CHUNK 0x0230
| OResul t UnwraphMbd: : Save(l Save *i save)
{

ULONG nb;

Modi fier:: Save(isave); //Call the base class Save
int vet = TvMaps.v. Count(), fct = TVMaps.f. Count();
i save- >Begi nChunk( VERTCOUNT _CHUNK) ;

i save->Wite(&vct, sizeof(vct), &nb);
i save- >EndChunk() ;

i save- >Begi nChunk( FACECOUNT _CHUNK) ;
i save->Wite(& ct, sizeof(fct), &nb);
i save- >EndChunk() ;

etc.
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And to read these data saved in thefile :

| OResul t UnwraphMbd: : Load(| Load *il oad)

{
| OResul t res;
ULONG nb;
Modi fier::Load(iload); //Call the base class Load
int ct, i;
[/ check for backwards conpatibility
while (1O OK==(res=il oad->0penChunk()))
{
swi t ch(i | oad- >Cur Chunkl D())
{
case VERTCOUNT_CHUNK:
i | oad->Read( &ct, sizeof(ct), &nb);
TVMaps. v. Set Count (ct);
TVMaps. cont . Set Count (ct);
vsel . Set Si ze(ct);
for (i=0; i<ct; i++) TVMaps.cont[i] = NULL;
br eak;
case FACECOUNT_CHUNK:
i | oad->Read( &ct, sizeof(ct), &nb);
TVMaps. f. Set Count (ct);
br eak;
}
}
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6. Debugging under 3D Studio Max SDK

We will focus in this chapter on tips and tricks to debug plug-ins under 3D studio Max SDK.

6.1. English version

It is highly recommended to use an English language version of 3D Studio Max for
developing 3D Studio Max plug-ins. Thisisonly dueto the fact that the SDK documentation
isin English aswell asthe user interface. So it’sreally easier for a developer to have the
software application, its menus and its documentation using the same language and obviously
the SDK documentation isin English only asfar as | know.

Note 1 :

Another drawback of using another version that the English language version is that features
are tranglated into the local language. For example, the Character Studio plug-in is completely
trandated into French in its French version. So the bones' names are not any longer such as
“Bip01 FootSteps” but the same tranglated into French language so you can’t rely on names of
features.

Note 2 : Object names are not necessarily unique anyway under 3D Studio Max...
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6.2. SDK documentation and source code samples

The SDK documentation is very complete and kept up to date on the Sparks web site (we will
talk later about what is the Sparks program). It is compiled using DOxygen or such tools to
get information from the .h and .cpp files. The documentation also existsin CHM file format.

There are alot of source code samples freely given with the SDK, they are very compl ete.
They are often complex for people beginning with 3D Studio Max programming, but anyway

you should take time to have afull look at what they contain to know which fields are covered
by these plug-ins even if you do not go into their source code details.

22



© Copyright David Lanier 2004-2007. All rights reserved
3D Studio Max SDK Training session — contact@dl 3d.com — http://www.dl 3d.com

6.3. Multithreading

Y ou should know that 3D Studio Max plug-ins should be multithreaded compliant. Because
some 3D Studio Max core features use multiple threads, e.g : the renderer.

So al plug-ins functions could be re-entered by using another thread, or your plug-in could be
launched several times by the user if you allow this...

These constraints are :

- Usethe Debug Multithreaded and Multithreaded run-time C libraries to generate your
source code. Thisis made by default in the settingsif you use the plug-in wizard.

- Use«critical sections », see the MSDN documentation about Synchronization Objects
to know what they are. If you use statics or globals variables or access some files or
some other tasks that could result in ashare violation if you accessit several times at
the same time. The functions must be thought as re-entered and could be executed
asynchronously.

Note :

Thisisnot true for all types of plug-ins. For example, if you do a utility and ensure that only
oneinstance at atime could be launched even by using severa 3D Studio Max applications,
you will not need to take care of these constraints.

But in plug-ins such as modifiers plug-ins thisis really necessary as you don’t know when the
core system will call your plug-in.
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6.4. Release & Debug versions of 3D Studio Max

Theinstallation version of 3D Studio Max is obviously aversion compiled in release build.
This means that when you will compile your plug-in in adebug build for this application,
your plug-in will be in debug build while the application will bein release build. Thiswill
result in severa problems.

First of al, you will not be able to get a call stack to show you where your code has crashed if
this happens. This can be abig issue. Thisis dueto the fact that no debugging information are
set in the release build of 3D Studio Max.

Some problems of memory all ocation/deall ocation on the heap can happened. 3D Studio Max
uses the release build of standard C run-time DLLs and your plug-in when compiled in debug
build uses the Debug C run-time Dlls. The debug and release versions of a DLL do not use the
same way to allocate/deallocate memory so it can cause exceptions when allocated memory in
arelease build is deallocated by the debug build and the other way round...

To solve the memory problems, a special build hybrid configuration is usualy used in 3D

Studio Max plug-ins development. It is called the “Hybrid” build and is covered in detail in
the next section.
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6.5. The Hybrid build configuration

This build configuration is amix between debug and release configuration. It ensures memory
alocation / deallocation will be made correctly using the same builds of standard C run-time
DLLsin your plug-in and in the 3D Studio Max application.

Y ou need to create another build configuration in your project (or solution).

Then you copy the settings from a debug build and you change the code generation to the
Multithreaded DLL instead of Debug multithreaded DLL.
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7. ADN Sparks : the Autodesk® developer network program

For al 3D Studio Max developers, the reference web site every programmer should know is:

http://www.autodesk.com/adnsparks

Thisweb siteis designed for all Autodesk’s products developers. Y ou can get source code
samples, and alot of others services. Some services are free while some are not.

Let’s see in details what are the services provided by this web site:

7.1. Services

Y ou can subscribe to the Sparks program. By doing so, you will receive a unique identifier to
login on this web site. Then you will be able to access debug tools and additional source code
samples.

For example : you can get a debug build of 3D Studio Max which will let you use the debug
build of your plug-in and not the hybrid buid... so you could have a call stack when an
exception occurred and you will be able to trace your code as well as core 3D Studio Max
code as additional source code is provided in this debug build, e.g : mesh implementation,
animation interpolation etc...

Y ou aso have an access to the technical support from Autodesk developers and submit them
your questions and problems. Y ou usually get an answer in 3 - 4 business days. This may
vary.

About the pricing of this services, | will let you have alook at the web site because the prices
may have changed when you will read this document.

Sparks members can choose between the 2 different services::

- Standard membership : for 1 developer only and for 1 year. This option lets you have
access to the debug SDK and some additional source code but you don’t have access
to the technical support.

- Premium membership : up to 5 developersfor 1 year. Y ou get access to the same
features as the standard memberships and have a access to the technica support.
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7.2. SDK Support Webboard, Knowledge base, online
documentation

There are webboards (forums) that are freeto all 3D Studio Max developers. It's where the
community of developers meet and ask their questions and talk about their problems using 3D
Studio Max SDK.

Note:

Asthese forums are free of charge, nobody is forced to give you an answer to your problems
which is not the case when you subscribe to Sparks and use the technical support from
Autodesk developer named “ Incident tracking”.

There are at the following web address :

http://sparks.di screet.com/webboard/wbpx.dll/~maxsdk

On this page, you can create alogin and get an access to the forums on miscellaneous topics
about Max SDK development. The same forums exist for the Maxscript community.

Note :
Avoid asking the same question on severa forums, cross-posting is unappreciated.

There also exists a Knowledge Base on the Sparks web site that provides you most answers to
classical beginers questions. It isfree of charge too.

And finally, the SDK documentation. It isinstalled with the SDK on your local drive but you
should rather use the online version available on the Sparks web site. Thisonlineversionis
always up to date.

Sparks also gives an addin to extend Microsoft Visual Studio. It adds 3 buttons to the Ul of
Visua Studio one button for each features we have just mentioned, that is: SDK online
documentation, Knowledge Base and SDK Forums. This addin exists for VC6 and VC7+
(provided with Max 6 SDK).

Let’snow seein detail the SDK.
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8. The SDK classes hierarchy

Figure 4 : hiérarchie de classes du SDK

Toremember : All classes ar e subclasses of Animatable which means everyting can be
animated !
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9. Class IDs & Super Class IDs

All Max classes have two unique identifiers by class (not by instance of aclass). They are
called Class_ID and SuperClass ID. You can think of it as the same system asthe C++ RTTI
(Run-Time Type Information). These class ID are used to create an instance of a specific
class using afactory class (see abook about Design Patterns to have further details about
what are factories class).

These Class_|Ds are made with a pair of 32 bits integers. Each pair is unique. For example a
plugin hasits own Class_ID to beidentified uniquely by the system.

So when you create a new plugin, don’t forget to change its default class ID. The
MaxSDK\Help directory contains an executable file named Gencid.exe which generates a
Class_ID you can copy/paste on your plug-in source code.

Note:
If you use the plug-in wizard to create a new plugin, the Class ID generated is already
unique, so thereis no need to changeit.

Example of Class ID :

Class I D Mycl assl D(0x73e10f 89, 0x44672278);

You can have alook at all class_ID defined in the SDK by looking at the plugapi.h header file
in the folder MaxSDK\include .

For example, atriangle mesh, called TriMesh hasaclass ID of :

#define TRIOBJ_CLASS ID = 0x0009 //In plugapi.h
Class_ ID{ TRROBJ_CLASS ID, 0 ) //TriOBJ = Triangle Object =
/1 Triangl e Mesh

Most of the time, the SDK uses only the first part of the Class ID, that isthe first integer
which iscaled part A in the SDK. The second integer which is called part B israrely used
and often set to 0. Thisisthe case for our TriMesh class ID.

The SuperClass_ID istheidentifier of the super class. For example, for the TriMesh example,
it's GEOMOBJECT_CLASS ID which means Geometric object. Y ou think of the
Superclass_ID asthe category of the object.

All classes from Max SDK inherit from Animatable class which contains the functions :

Class_|ID Animatabl e:: C ass_| X))
SC ass_|I D Ani mat abl e: : Super d assl () ;

Consequently, when we get a Max object, say an animation controller, we can check of which
typeitisby usingitsClass ID :
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Control* _cont ; //valid pointer of my controller
if ( _cont->ClasslD() == Cass_ID( TCBI NTERP_POSI TION_CLASS ID, 0 ) )

/1 This anim Controller is a TCB interpolation controller

Let’s now see the lost important class of the SDK, namely Interface class.

30



© Copyright David Lanier 2004-2007. All rights reserved
3D Studio Max SDK Training session — contact@dl 3d.com — http://www.dl 3d.com

10. The Interface class

Toremember : If you should know about only one class from Max SDK, then remember the
Interface class!  It'sthe most useful class of the SDK !!! It is necessary for al plug-ins
categories.

To get an instance of that class, thereisaglobal function :

/lip = everywhere in the SDK, ip = Interface Pointer
Interface* ip = Get CORElInterface() ;

Note :_ Usually, this pointer should never bu NULL when using the previous function.
However, plug-ins may save an instance of this pointer and set it to NULL when they have
finished their job, so be careful with this pointer, check its value or use an assertion...

In all examples of this document we will refer to “ip” as the interface pointer. The same
convention is used in the SDK samples and documentation.

Here are some examples of what the Interface class lets you do :
- Read/ Save/ Merge Max files
- Get/Set the current time, set the animation parameters
- Interact with the user interface
- Set call backs functions (see section 10.4) on the viewport, the animation time, the
selection etc...
- Set command modes to deal with the mouse events (see section 22)
- Etc

Let’s see some of the main features of thisclass:
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10.1. Create objects

The function of the Interface class named Createl nstance enables you to create all kinds of
Max objects.

virtual void * Createlnstance (SCl ass _|ID superlD, Cass_|ID classlD)=0;

Example : create a camera object fromitsclass_ID.

// Create a canera

GenCanera *cob = (GenCanera *) i p->Createl nstance( CAMERA CLASS | D,
Cl ass_|I D(SI MPLE_CAM CLASS I D, 0));
cob- >Enabl e( 1) ;

| Node* _Camer aNode = i p->Creat eCbj ect Node(cob);

This function uses the superclass _ID et class _ID of an object to create it. It's afactory
function.
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10.2. Dealing with a nodes’ selection

Nodes are the names set to Max objects. A node can be atriangle-mesh as well as a patch-
mesh or aspline or acamera, alight etc...

The Interface class propose miscellaneous functions to deal with the current nodes's selection

int Interface:: Get Sel NodeCount () ;
| Node* | nterface:: Get Sel Node(int i);

- GetSelNodeCount returns the number of selected nodes
- GetSelNode return the ith selected node.

Example:

[/ Nurmber of sel ected nodes
const int NunBSel Nodes = i p->Get Sel NodeCount () ;
for (int i =0; i < NunBel Nodes; i++ )

{
//CGet i-th selected node

| Node* _node = i p->Cet Sel Node(i);
If (_node) //Should always be true

DoSorret hi ngOnTheNode( _node) ;

Thisis often used in the utility plug-insto act on a user nodes’ selection.

Next we are going to see the viewport functions from Interface class.
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10.3.  Viewport

There are several functions dealing with the viewport, the following list is not exhaustive, but
these functions are the main functions to know in our opinion.

voi d Redrawvi ews( Ti neVal ue t, DWORD vpFl ags=REDRAW NORMAL, ReferenceTar get
*change=NULL) ;

The RedrawViews function is used to update the viewports.
First parameter TimeValuet is the time at which we want to update the viewports. This
parameter is usually set to the current time that we get by :

TimeValue t = ip->CetTinme() ;

Second parameter is an enum : DWORD vpFlags which can take the following values :
- REDRAW_BEGIN — Call this before you redraw..
- REDRAW_INTERACTIVE —In case you would like to degrade the views when they
are changed interactively.
- REDRAW_END - set back the undegraded view.
- REDRAW_NORMAL —redraw viewsin an undegraded state.

Third parameter is never used and should not be used.

This function redraws what has been invalidated in the scene.
It isusually used likethis:

- >Redr awVi ews (i p- >Get Ti me() , REDRAW BEG N) ;
More code ...

- >Redr awMi ews (i p- >Get Ti me() , REDRAW | NTERACTI VE) ;
More code ...

[
/
[
/
i p- >Redr awVi ews(i p->Cet Ti me(), REDRAW END) ;

T T T

or

i p- >Redr awVi ews (i p->Get Tine()); // REDRAW NORVAL

Hereis another function :

voi d ForceConpl et eRedr aw( BOOL doDi sabl ed=TRUE) ;

The parameter lets you specify if the viewport that are disabled should be redrawn or not.
It is used to redraw al viewports, this function is guaranteed to be slow.

However, it is the function that we use the most often...
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Here are 3 useful functions dealing with the viewport to interact with it :

virtual BOOL Set Acti veVi ewport ( HWND hwnd ) ;
virtual Viewexp * GetActiveViewiort ();
virtual void Rel easeVi ewport ( Viewexp *vpt );

The ViewExp classisthe Viewport class. It provides you an access to al viewport
parameters.

SetActiveViewport isused to set aviewport as active from its HWND (Win32 window
handle).

GetActiveViewport is used to get the active viewport. By active we mean the viewport
currently selected.

Finally, ReleaseViewport must be called once we have finished using an instance of a
ViewExp class that we have get using GetActiveViewport.
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10.4. Callback functions

Every one should know the callbacks functions mechanism which lets you be called by the
system when an event occur by calling a specific function you have set as a call back.

The SDK provides you the same mechanisms in the Interface class. We are going to present in
the following paragraph the functions to register a call back, we will let the user see the
documentation about unregistering these callbacks.

voi d Regi st erTi meChangeCal | back( Ti neChangeCal | back *tc)=0;
voi d Regi st er CoomandModeChangedCal | back( ConmandMbdeChangedCal | back *cb) =0;
voi d Regi sterVi ewportDi spl ayCal | back(BOOL preScene, ViewportDi splayCall back
*cb) =0;
void NotifyVi ewportDi spl ayCal | backChanged(BOOL preScene,
Vi ewport Di spl ayCal | back *cb) =0;
voi d Regi st er Exi t MAXCal | back( Exi t MAXCal | back *cb) =0;
voi d Regi st er Axi sChangeCal | back( Axi sChangeCal | back *cbh) =0;
voi d Regi st er Redr awi ewsCal | back( Redr awVi ewsCal | back *cb) =0;
voi d RegisterSelectFilterCallback(SelectFilterCallback *cb)=0;
voi d Regi sterDisplayFilterCallback(D splayFiltercCallback *cb)=0;

So we can set acall back when the following events happen (same order as functions above) :
- The current animation time has changed
- A new command mode has been set (see section 22)
- Theviewport has been redrawn/updated
- A new callback has been set on the viewport
- Max isbeing shut down by the user
- Theconstrainst axis has been changed
- Theselection object filter has been changed
- Thedisplay object filter has been changed

However, there is another structure used to set callbacks on events, it is the Notifylnfo
structure.
A global function is used to register these callbacks on alot of other events :

int RegisterNotification(NOTI FYPROC proc, void *param int code);

We will let the user look at the documentation to know which events can have callbcaks set
on them.

Note:

Instead of taking as a parameter a global / static function to be used as a callback such as the
Win32 API uses, 3D Studio Max has chosen to use what we call the “functors’.

Functors are classes that contain one pure virtual function that is used as a callback. We
instanciate a subclass of this functor class where we have defined the virtual function. And
this function will be used as a callback.

This mechanism is interesting because you can’t make a mistake by giving the system a
wrong function pointer to be used as a callback as thisis possiblein Win32 API. By using a
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function pointer, no checking about the function prototype is made at compile time. So if you
have set awrong function, it will crash at run-time only.

Using a functor, you will detect at compile time a mistake because the prototype of the

function to be used as a callback is known at compile timein the class because of the C++
virtual table mechanism.
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11. The INode class

It'sisthe class to represent objects in the 3D scene under 3D Studio Max.
Nodes are for example:

- Triangle-meshes

- Tri-patches meshes

- Cameras

- Lights

- €lc

We get an read/write access to miscellaneous node’ s properties such as:
- itsname
- itsparent node, its children nodes in the nodes hierarchy
- itsreferences on other nodes
- itsdisplay attributes, rendering attributes, vertex colors
- Its 3D transform which placesit in the 3D space
- Itsanimation controllers
- ltsmaterid
- €lc

A node contains exactly 6 references on (see section 19 to go deeply into the reference
system) :
- Ananimation controller for its 3D transform
- Theobject reference. Each node maintains a pointer to an object this a pointer to the
base procedural object or derived object (BaseObject or IDerivedObject see section
Erreur ! Sourcedu renvoi introuvable.).
- The«Pin Node » for Inverse Kinematics (set to NULL by defaut).
- Themateria reference
- Thevisibility controller
- Theimage blurr controller (set to NULL by defaut)

Toremember : It exist anode which isthe highest node in the hierarchy. It isavirtua node
called the root node. Y ou can't select or see this node from a user point of view. When you
create anew node, it is automatically set as a child node of the root node. Y ou can get this
root node by using INode* Interface::GetRootNode(). The root node pointer should never be
null.

When we get an INode pointer we can check if it's a camera, atriangle-mesh, alight or
whatever by checking itsclass ID, let’s see how to get thisclass ID :
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//Get current tinme from Ul
TimeValue t = ip->CetTinme();

/] Eval uat e obej ct
hj ectState os = _nodePtr->Eval Wrl dState(t);
if( os.obj !'= NULL )
{
TSTR O assNane;

/] Get class nanme
0s. obj - >Get A assNanme( obj C assNane );

switch( os.obj->Superd assliD() ) //récupére son super class ID

{
case GEOMOBJECT _CLASS | D.
/11t’s a geométric object
/lLet’s conpare its Class IDwth triangle-nmesh class_ID
If (0s.o0bj->Class ID() == Cass_ID( TRIOBJ CLASS ID, 0))
/11t’s a triangl e-nesh.
br eak;
case CAMERA CLASS ID :
/11t’s a canera, Free or
/] Target ? We could answer by looking at its Class_ID!
br eak;
}

The EvalWorldState function is used to evaluate the object. We will go into detail with this
function in the modifiers pipelinein section Erreur ! Sour ce du renvoi introuvable..

To remember :

We can only assign one and only one material per node. That would mean only one texture
bitmap per node ?

Fortunately no. If you need to have several texture bitmaps applied on the same node when
it'samesh for example, the SDK provides you a material called multimaterial whichisa
container of materials, it is called Multi/Subobject material in the UI.

Here is how we get the material applied on anode :

| Node* node ;
MIl* ntl = node->GetMI () ;

We will get back on materials in section 12.
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11.1. Nodes instances / references

It is possible for anode to be built from another node. Thisis the case when having a
reference or instance node. It is a node that depends on another node’ s topology.

Note:
Y ou must not think of instances and referencesin the SDK as C++ language instances or
references. They have no common properties.

By using instances and references we can share the data between nodes so use less memory in
ascene. Thisis often used in video games engine.

The difference between SDK instance and reference is that the modifications on an instance
will have an impact on the node which was the base node of this instance while modify a
reference will have not impact on the base node.

So for an instance, it’s a bidirectional relationship while for areferenceit’s aunidirectional
relationship.

In the versions prior to 3D Studio Max 6, it is possible to know which nodes are
instances/references by checking their internal references (see section 19).

Since 3D Studio Max 6, aclass has been created to dea with instances and references of a
node. It is caled IInstanceMgr. See the header file named ilnstanceMgr.h in the SDK.
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11.2. The nodes’ 3D transforms

Let’sintroduce first what is the node' s pivot. It isthe center of its rotation and scale. It means
if you rotate the node, it will rotate around its pivot point.

When you get the vertices and normals of a mesh, they are expressed in local coordinates.
That isin the pivot coordinates.

S0, the pivot defines :
- The center of the rotation and scale
- Theorigin of the transform for children nodes in the nodes’ hierarchy.
- Theoriginaof the «joint » for inverse kinematics.

Nodes have 2 transforms. Each is called a Matrix3 (see section 23 to know more about
Matrix3). These transform are :
- Thetransform matrix of the node called NoteTM which is the pivot transform in the
3D world coordinates.
- The Object offset transform, which represents the offset between the object an dits
geometry.

For example, it is possible to move the pivot of a node outside of its mesh. Thisisrealized
internally by modifying the object offset transform.
It has no influence on the children nodes of the hierarchy.

Notes:

- If you have made a ResetX Form on a node, the object offset transform has been reset
to the identity matrix and the difference between object and its geometry has been
applied directly on the mesh vertices coordinates.

- Weuseindifferently the node’ s transform or pivot transform to describe the same 3D
transform.

To get the object offset transform components, we use the following functions :

voi d | Node: : Set Cbj O f set Pos(Poi nt3 p) ;

Poi nt 3 | Node: : Get Cbj O f set Pos() ;

voi d | Node: : Set Cbj O f set Rot (Quat q) ;

Quat | Node: : Get Cbj O f set Rot () ;

voi d | Node: : Set Cbj O f set Scal e( Scal eval ue sv) ;

Scal eVal ue | Node: : Get Obj OF f set Scal e() ;

Then to move the geometry, the pivot or both you have the following functions :
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voi d | Node: : Move(Ti neVal ue t, const Matrix3& tmAxi s, const Point3& val,
BOOL | ocal Ori gi n=FALSE, BOOL af fect Ki ds=TRUE,
i nt pivMbde=PI V_NONE, BOOL ignorelLocks=FALSE);

void | Node: : Rotate(Ti neVal ue t, const Matrix3& tmAxi s, const AngAxis& val,
BOOL | ocal Ori gi n=FALSE, BOOL affect Ki ds=TRUE,
i nt pi vMbde=PI V_NONE, BOOL ignorelLocks=FALSE);

void | Node: : Rotate(Ti neVal ue t, const Matrix3& tmAxi s, const Quat & val,
BOOL | ocal Ori gi n=FALSE, BOOL affect Ki ds=TRUE,
i nt pi viMbde=PI V_NONE, BOOL ignorelLocks=FALSE);

voi d | Node: : Scal e(Ti neVal ue t, const Matrix3& tmAxi s, const Point3& val,

BOOL | ocal Ori gi n=FALSE, BOOL affect Ki ds=TRUE,
i nt piviMbde=PI V_NONE, BOOL ignorelLocks=FALSE);

The parameters are :

=

t is the time where this operation occurs.
2. tmAxisisthe axis system in which happens this move (usually set to the identity
matrix). But you could use thisto make it move in its aprent coordinates for example.
3. val isthe delta of trandation/rotatio/scale to add. Warning it is not the final value but
the difference between the final and present values.
4. localOrigin specifiesif the move takes place in local or world coordinates
5. affectKids specififesif the move affects the children nodes
6. pivModeisan enum of the values:
0 PIV_NONE : Movesthe pivot as well as the geomtry at the same time
o PIV_PIVOT_ONLY : Movesthe pivot only
o PIV_OBJECT_ONLY : Moves geometry only
7. ignoreLockstellsif the locked nodes should be affected or not by thismove.

We can al so get/set the node’' s 3D transform in world coordinates by using :

Mat ri x3 | Node: : Get NodeTM Ti neVal ue t, Interval* valid=NULL);
voi d | Node: : Set NodeTM Ti nevVal ue t, Matrix3& tn);

The first parameter is the time where we want this to happen.

In GetNodeTM, the second parameter which is an interval is intersected with the 3D
transform validity interval.

It isusually set to the Interval value : FOREVER...

Note:

The 3D transform returned by GetNodeTM does not include the object offset transform but it
includes the 3D transform of the parent node if any.

We useit thisway :

/] CGet node transform
Mat ri x3 nodet m = node- >Get NodeTM i p->Get Ti nme() ) ;
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To get anode' s transform with both the object offset and parent transforms included you
should rather use:

Mat ri x3 | Node: : Get Obj ect TM Ti meVal ue t, Interval* vali d=NULL);

The transform you get by using the previous function is the transform before any world space
modifiers are applied. World Space Modifiers are plug-ins that change the node' s transform
from various parameters.

So it is recommended to use the following function to get the whol e transform with anything
applied :

Mat ri x3 | Node: : Get Cbj TMAft er WBM Ti neVal ue tine, Interval* valid=NULL);

Ok, now to get the parent transform you can use :
Mat ri x3 | Node: : Get Par ent TM Ti meVal ue t) =0;

So asimple example to get the local transform of anode, we mean without its parent
transform applied would be:

Mat ri x3 parent TM
Matri x3 nodeTM
Matri x3 | ocal TM

node- >CGet Parent TM i p->Get Ti nme() ) ;
node- >Get NodeTM i p->CGet Ti me() ) ;
nodeTMr | nver se(parent TM ;

Note :
Since 3D Studio Max 6, the SDK provides you new functions to deal with pivot transform
that are:

voi d | Node: : CenterPivot(Ti neVal ue t, BOOL nove(hj ect);

voi d | Node: : Al'i gnPi vot (Ti neVal ue t, BOOL noveOhj ect);

voi d | Node: : Wor | dAl i gnPi vot (Ti meVal ue t, BOOL noveObj ect);
voi d | Node: : Al'i gnToParent ( Ti meVal ue t);

voi d | Node: : Al'i gnToWor | d( Ti meVal ue t);

voi d | Node: : Reset Transf orn( Ti neVal ue t, BOOL scal eOnly);
voi d | Node: : Reset Pi vot (Ti neVal ue t);
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12. Materials

They are really necessary to make our 3D scene more redlistic. In 3D Studio Max, you have
the material editor which isvery complex :

Figure5: The material editor
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12.1. Materials philosophy

The materia editor is very complete so very complex too. It helps you create effects, shaders
etc.. It isaso possible to use Microsoft Direct X shaders as well as NVidia CG shadersin the
viewport in rea time.

We are not going to describe all functionalities of the material editor in this section, but we
are going to focus on the most used functions to get information from materials.

Let’s see the standard materials which are the most common/basics materials.
They contain several slots for textures of type TexMap. TexMap is the base class for
procedural textures, bitmap textures, vectorial textures and others textures. ..
Main textures slots are :
- ambient
- diffuse
- specular
- opacity
- €fc..

Let’s see how to get the material from anode and see itstype :

| Node* node ; //1s a valid node pointer
MI* _mat = _node->CetMI ();
if (! _mat)return;

//ls it a Standard Material ?
if ( _mat->ClassID() '= Class ID( DMIL_ CLASS ID, 0 ) )//Default material ?
return;

//Yes, it is a StdMvat, so cast it
StdMvat* stdmat = static_cast<Stdvat*> ( _mat );

Note
- TheClass _ID of the standard material isDMTL_CLASS ID which means default
material !
- Toremember : One and only onematerial can be assigned to a node at the same
time.

How from this standard material (StdMat) can we get the texture bitmap if any ?
Most of the time, the texture bitmap we want to get is in the diffuse texture slot.

The SDK provides you access to the material textures slots by using indices that are defined
by :
- ID_AM:Ambient (=0)
ID_DI : Diffuse =1
- |ID_SP: Specular (=2
- €lc...
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So acomplete example to get the texture bitmap from the diffuse slot of amateria is:

/1 CGet the Texmap in Diffuse sl ot

Texmap* TMap = stdmat->CGet SubTexmap( ID D );

if (! TMap || (TMap->ClassID() !'= dass ID( BMIEX CLASS ID, 0) ) )
return;

//Cast it into a bitmaptex
Bi t mpapTex* BmapTex = static_cast<Bi tnapTex*> (TMap);

/1 CGet the bitmap full path nane
const TCHAR* Bit mapFul | pat hName = BmapTex- >CGet MapNane() ;

// Now get the bitmap fromthis BitmapTex
Bi t map* brmp = BmapTex->Cet Bi t map( i p->CGet Ti me() )

In this example, we have taken the teture bitmap from the diffuse slot by using the index
ID_ID. Using ID_SP would have let us get the bitmap from the specular slot.

Then we have used the GetM apName function to get the name of the texture bitmap. It isin
fact itsfull path name (with drive and directories concatenated to its name such as
“c:\3dsmax6\bitmaps\mybitmap.tga’)

Finally, we have taken the Bitmap instance from the BitmapTex. Using the Bitmap class

would let us access the pixels as well as miscellaneous properties of the bitmap such asits
width, height and color depth.
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12.2. What are the materials containers ?

There are 2 materials containersin a 3D Studio Max scene::
- Scenematerials
- Current materid library
- Material editor

The scene material are those which are applied on at least one node in the scene. They are set
inaspecial library called the “scene materias library”.

Note:

Warning, when accessing the scene material library, it may be not up to date. This mibrary is
updated when you load/save/merge... the scene. So to be sureit is up to date, save your scene
before using it.

We can get the scene material library by using the Interface class function :
Interface:: GetSceneMtls.

Hereisan example:

/] CGet the scene materials library
M | BaselLi b* scenematlib = ip->Cet SceneM | s();

int i=0;

if (scenematlib)

{
/1 Be careful, the scene materials can not be up to date
/1 To ensure it is up to date you should save the current Max file.
const int nunscenemat!ibs = scenematlib->Count();
for(i=0;i<nunmscenematlibs;i++)
{

M| Base* nmt| = static_cast<M | Base*> ( (*scenematlib)[i] );

}

}

So we can get the materia with their super class MtIBase. Mtl is a subclass of MtIBase. By
testing the class_IDs of these materials you can cast them into the suitable class pointer.

3D Studio Max aso uses a current materia library in which you can get/set materias
programmatically or manually by using the material editor. This material library can be saved
asafilesoit can beloaded in another scene.

We can get this library by using the following function Interface::GetMaterial Library. See the
following example :

/1 CGet the current material library
M | BaselLi b& currentmatlib = ip->GetMateriallibrary();
const int nuncurrentmatlib = currentmatlib. Count ();

for(i=0;i<nuncurrentmatlib;i++)

M| Base* mtl = static_cast<|\/tléll3?se*>( currentmatlib[i] );
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And finally, the last materia container isthe material editor which can contain up to 24 slots
for materials.

Y ou can get/set materials into the material editor (use Interface::PutMtiIToMtlIEditor as a
starting point)

So to get the materials from material editor we use Interface::GetMtl Slot thisway :

//Get the material editor@ nmterials
const int NBS|I ot MEdi tor = 24;
for (i=0; i<NBSlIotMeditor; i++)

//CGet Material
M| Base* Mat = ip->CetMISlot(i);
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13. The Mesh class

We have seen how to check if node isamesh. Now we are going to see how to get the mesh
from the node. We will only focus on triangles meshes but the same principles remains for a
patch mesh.

To do so, we need to use a subclass of Object class called TriObject (object made of
triangles). In the Oject class there are the functions CanConvertToType and ConvertToType.
They are used to know if an object can be converted into a certain type and convert it when
possible. Using this you can convert atriangle mesh into a patch mesh for example.

To get the mesh from a node, we use the following function which can be found in the SDK
whileit is herein adlightly modified version :

Tri Obj ect *Get Tri Obj ect FromNode(| Node *node, BOOL &del etelt)

{

del etelt = FALSE;

//Get current tinme from Ul
TimeValue t = ip->CetTinme();

/I Eval uate object at current tine
bj ect *obj = node->Eval Wr| dState(t). obj;

[/ Can we convert it in a TriObject ?
if (obj && obj->CanConvertToType(d ass_ID(TRIOBJ_CLASS ID, 0)))
{
/lLet’s convert the object in a TriQbject
Tri Cbject *tri = static_cast<Tri Object *>
( obj->Convert ToType(t,C ass_ID(TRIOBJ_CLASS ID, 0)));

/1 Note that the Tri Cbject should only be del eted
/] if the pointer to it is not equal to the object
/1 pointer that called ConvertToType()
if (obj !'=1tri)

deletelt = TRUE;
return tri;

el se
return NULL;

Thisfunction is pretty complex. The main point is that we pass a Boolean parameter deletelt
as areference. This parameter is used to know if the TriObject returned by the function has to
be deleted or not after use.

In the node s pipeling, it is possible that 3D Studio Max creates atemporary Object just for
our purpose so we need to delete it afterwards.

See section 14.2 for more details about the geometry’s pipeline.

S0 to use the previous function, you proceed this way :
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FALSE;
Get Tri Obj ect FronNode(node, deleteit);

if (!Tri) return; //Not a Node that can be converted in a triangle nesh.

Mesh& mesh = Tri->Get Mesh();

DoSormret hi ngOnTheMesh( nesh) ;

/11f necessary, delete the Tri hject and all references to this object.
If (deleteit)

Tri->Del et Me() ;

Ok, now we are able to get the mesh, let’ s see how to extract information from it.

We will introduce the Point3 class which isjust the class used in 3D Studio Max for 3D floats
vectors. Its components are X, y and z to represent the 3 coordinates of the vector on the X, Y
and Z axis.

Meshes contains :

Vertices (3D points that compose the mesh)

Faces and their information

Vertices colors (color set on 3D points and interpolated using usually Gouraud
shading)

Textures vertices (UV coordinates)

An array of custom floats. One for each vertex

3 bit arrays, one for each selection type : vertices, faces and edges

The current level of sub selection inside the mesh (object, vertex, face, edge)
Normals

Toremember : All 3D coordinates of the vertices and normals are expressed in local
coordinates, that isin the pivot coordinates and NOT in world coordinates. To get them in
world coordinates you will have to multiply them by the pivot transform (see section 11.2)

Let’s see how to get the vertices.
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13.1. The vertices

They are the 3D points that compose the mesh. They are Point3 instances to describe their
coordinates.
They are defined in the mesh by :

Poi nt 3 *verts;
int nunverts;

So , the number of verticesin this mesh is defined in the numVerts variable and the verts
variable is an array of Point3.

It is recommended not to access vertices directly from their array but instead use the
following functions :

BOOL set Numerts (int ct, BOOL keep=FALSE, BOOL synchSel =TRUE) ;
i nt get Numverts () const;

voi d set Vert (int i, const Point3 &xyz);

voi d set Vert (int i, float x, float y, float z);

Poi nt 3& get Vert (int i);

Poi nt 3* getVertpPtr (int i);

Let’s see a complete example on how to get the vertices :

void MyCl ass: : Get Verti cesFrontel ect edMesh()

{

/1 Get the selected nesh

const int NunNodesSel = ip->GetSel NodeCount ();

/I Check if we have only one object selected

i f (NumrNodesSel !'= 1)

{
MessageBox(NULL, "I need to have one and only one object

sel ected !'", "Warni ng", MB_OK);

return;

}

/'l Get the selected node

I Node *node = i p->Cet Sel Node(0);

if (!'node)return;

BOOL del eteit;
TriObject* tri = GetTri Qbj ect Fr onNode( node, del eteit);
if (!'tri)return;

Mesh& mesh = tri->CGet Mesh();
const int NunVerts = mesh. get Nunverts();
for (int i=0;i<NunVerts;i++)

{
}

if (deleteit)
tri->DeleteMe(); 51

const Point3& _vertex = mesh.getVert(i);
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Note:

Y ou have to keep in mind that not all vertices are necessarily used in the mesh. It may have

isolated vertices that are not used any more.
To know which vertices are used in the mesh, you need to get the faces.
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13.2. The faces

To define the mesh’ s faces, the SDK provides a class named Face. It contains among others
variables:

DWORD v|[ 3];
DWORD sntx oup;
DWORD f | ags;

- v[3] isan array of three 32 bits integers which represent the indices in the verts array
of the vertices used by this face

- smGroup is the smooth group number

- flagsisaset of flags, they are not custom flags. They represent the edge visibility in a
face, materia information (rarely used) and the face visibility

- Toremember : Under 3D Studio Max, all faces are always TRIANGLES only. So
they contain aways 3 vertices. Whileit is possible to select quadsin the Ul, they are
always composed of 2 or more triangles and use the edge invisibility for selection
purpose.

- Toremember : be careful with the vertices/ facesindices. In the SDK, faces are zero-
based indexed, we are used to that as programmers but in the Ul they are 1-based
indexed. So if you want to see face #12 under the SDK it will be referred as face #13
intheUl...

In the mesh class, we have the member variable:
Face* faces ;

It contains the array of faces. Thenumber of faces can be retrieved with :
i nt Mesh:: get Nunfaces() ;

Let’s see a complete example on how to get the faces. We consider, using the previous code,
we aready have a Mesh instance.
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voi d Get Facesl nf oFromvesh( Mesh& nesh)

{
/1 Get the number of faces
const int NunfFaces = _nesh. get Nunfaces();
for (int i=0;i<Nunfaces;i++)
{
/1 get the face class fromits index
Face& _face = mesh.faces[i];
/1 CGet its snpothgroup
DWORD snfa oup = face.snzoup;
/1 CGet the flags
DWORD fl ags = face.fl ags;
/1 Get the vertices indices fromthis face
// One single vertices is called a facevertex.
const DWORD* Verticeslndices = face.getAllVerts();
if (!'Verticeslndices) return; //Should never happen but anyway
/1Get all 3 face vertices
for (int j=0;j<3;j++)
{
//Get its index into the verts array
const int Vertexlndex = Verticeslndices[j];
/1 CGet its 3D coordi nates
const Point3& Vertex = _mesh. get Vert (Vertexl ndex);
}
}
}

To get the face normals, you just have to take the 3 face vertices VO,V1 and V2 which are
Point3 instancesand do :

Point3 FaceNormal = Normalize( (V1-V0) " (V2-V1) );

where " is the cross product of two Point3 (CrossProd function in the SDK).

Face vertices should always be oriented in clockwise order. If they are in counter clockwise
order the parity of the node's matrix should reflect this (see the fnction Parity() from Matrix3
class).

Let’s continue by seeing the edges.
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13.3. The edges

Y ou have probably noticed that we haven't talked about an edge array yet. Thisis because
there is no array about edges

Asall facesaretriangles, it is possible to retrieve an edge from its index thisway :
voi d Cet Edgel nf oFr omvesh(Mesh& _nesh)

{
/] Get the nunmber of faces
const int NunfFaces = _nesh. get Nunfaces();
for (int i=0;i<NunfFaces;i++)
{
/1 get the face class fromits index
Face& face = nmesh.faces[i];
/1 CGet the vertices indices fromthis face
// One single vertices is called a facevertex.
const DWORD* Verticeslndices = face.getAllVerts();
if (!'Verticeslndices) return; //Should never happen but anyway
/1 CGet all 3 facevertices
for (int j=0;j<3;j++)
{
/1CGet its index into the verts array
const int Vertexlndex = Verticeslndices[j];
/] Cal cul ate the edge index
/11 = current face index, j = current facevertex index
const int Edgel ndex = i*3 + j;
const Point3 Edge = mesh. get Vert (Vertexlndex) -
_mesh. get Vert ((Vertexl ndex+1) ¥3) ;
}
}
}
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13.4. Materials assigned to faces

Whileit is possible to get thisinformation at different places in the mesh, the good
information is returned by this function :

M1 1D get FaceM | I ndex(int i);

Where MtlID is atypedef of an integer.

When amateria is applied on anode ( so on its mesh ) there are 2 interesting cases for us,
they are when the materia isa:

- Standard material

- Multimateria (called Multi/subobject in the Ul).

1) Inthe case of astandard material, there is only one bitmap texture assigned on the
whole mesh. It can be a combination of the diffuse, opacity, bump textures but anyway
only one texture is assigned to the mesh. Consequently, all faces have this texture
assigned and the material IDs whatever are their values in faces are not used.

2) Inthe case of amultimaterial, the Face material ID istheindex of the submateria of
the multimaterial used on thisface. Don’t forget submaterialsin multimateralsare
0-based index.

Note:

As no check is made on the value the user can enter in the face material ID manually, you
always have to apply a modulo operation (remainder) on the number of submaterials of the
multimaterias.

Example:

| have amultimaterial containing 3 submaterials. | met in the mesh a face with number 5 as
face material |D, the submaterial applied on thisface s not the 5" submaterial asthey are
only 3 of them? But it's the 2™ (with index 1). The operation isindex number =1 =5 % 2.
And we use 2 because submaterials are O-based index so 3 submaterials goes from indices
fromOto 2.

Let’s see a complete example on how to use this function :
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void Get M| | DFr onNode( | Node* _node)
if (!_node)return;
/I Now get the nmesh fromthe node
BOOL deleteit;
TriObject* Tri = GetTri Object FromNode(_node, del eteit);
if (!Tri)return;

/1 Get nmesh fromtriobject
Mesh& mesh = Tri->Get Mesh();

/1 CGet the material from node

MI|* nodentl = node->GetMI ();

if (!nodentl)return; //No material applied

if (! nodentl->IsMultiMI() ) return; //1tC not a multimterial
MultiMI* nultiml = static_cast<Multi MI*>(nodentl);

const int NunSubMaterials = multintl->NunSubs();

const int NunfFaces = mesh. get Nunfaces();

//Scan all faces of the nmesh
for (int i=0;i<Nunfaces;i++)

{
/1 CGet the IDin this face (apply the nopdul o)
const int 1D = nesh.getFaceM I Index(i) % NunSubMat eri al s;
/1 Get the material applied on this face
MIl* M| AppliedOnThi sFace = multintl->Get SubM | (ID);
if (! MIAppliedOnThi sFace) conti nue;
}

if (deleteit)
Tri->Del et eMe();

So, that’s all about materials.

We are going to see the mapping channels. They are the different layersto set UV coordinates
on faces. There are 99 layers of mapping coordinates, channel 0 is reserved for vertex colors,
the mapping channel 1 isusually the UVs and the other are at your discretion.
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13.5. Vertex colors

Vertex colors are set in the mapping channel number 0. They are Point3 instances with each
component X, y and z of the 3D vector representing the red, green and blue color components.
They al arein the range from O to 1.

We can get the number of vertex colors by using
i nt get Numvert Col ();

The array of vertex colorsisthe member variable Mesh::vertCol.

Hereis an example of accessing the vertex colors array :
VertColor is atypedef set to Point3.

Vert Col or* vertCol = mesh.vertCol;

i f(vertcCol)

{
const int NunVertCol = mesh.getNunVert Col ();
for (int i=0;i<NunVertCol;i++)
{

}

const Point3& vcol = vertCol[i];

Note : be careful, aswell as the vertices and UV's, the vertex colors array can contain unused
vertex colors. To know which are used and which are not, you have to refer to the face vertex
colors. Becauseit isnot really in 3D Studio Max acolor per vertex but a colr per face vertex.
Consequently a vertex can have several face vertex colors...

To know which face vertex colors are used, you need to use the Mesh::vcFace (vertex colors
faces) member variable. It isan array of TV Face structures, the size of the array isthe same
asthe number of faces of the mesh.

TVFaceisaclass which contains essentially three 32 bitsintegers:
DWORD t[ 3];

These 3 integers are indices in the vertex color array of the vertex colors used on this face.

Hereis a complete example on how to get the vertex colors:
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voi d CGet Vert exCol orl nf oFr omvesh( Mesh& _nmesh)

{
const int NunVert Col = _mesh. get NunVert Col ();

Vert Col or* vert Col = nesh.vert Col;
if(! vertCol || ! NunVertCol) return; //No vertex color

/1 Get the conplete array of vertex colors

/1 (warning, sonme may be not used in the nesh !)
for (int i=0;i<NumVertCol;i++)

{

}

/1 CGet the vertex colors used in the mesh using Mesh::vcFace array
const int NunfFaces = _nesh. get NunfFaces();

const Point3& vcol = vertCol[i];

if(! _mesh.vcFace) return;
for (i=0;i<Nunfaces;i ++)

/1 Get the TVface class fromits index in vcFace (vertex color)
TVFace& _vcface = mesh.vcFace[i];

//Get the vertex color indices fromthis face
for (int j=0;j<3;j++)

/1 CGet its index into the vertCol array
const int VertexCol orl ndex = vcface.t[j];

//Get its color
const Poi nt 3& vertexcol orused =
vert Col [ Vert exCol or | ndex] ;

Note : From 3D Studio Max 6 and later, it is aso possible to paint vertex colors thanks to the
Vertex Paint modifier in any mapping channel, so you can retrieve vertex color in any
mapping channel.

The same way we access vertex colors, isit possible to access UV coordinates. Let’s go
deeply in detail with that.
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13.6. The UV coordinates

They are called the textures vertices or TVertsin the SDK. They are the coordinates used to
set bitmap textures on faces of the mesh.

Aswe have seen before, it exists 99 mapping channel to set these UV coordinates. Y ou can
see that as to have 99 possibilities to have different UV coordinates for multitexturing for
example.

- Mapping channel O isreserved for vertex colors

- Mapping channel 1 isreserved for default UV set on the mesh

- And you can use the 97 remaining mapping channels as you want to set UV
coordinates or whatever you need...

The textures vertices are Point3 instances. So they have 3 possible coordinates. While we
usually use only 2 of them, it is possible to have 3D textures that will use 3 coordinates
instead of 2.

The UVVert classis used to represent the class of textures vertices. It is atypedef set to
Point3.
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13.6.1. UV coordinates in mapping channel 1

The UV coordinates are assigned on faces, by default in mapping channel 1.
It exists an array of texture vertices, in which some of the texture vertices may not be used in
the mesh.

Let’s see how to get thisarray in the mesh :

Point3 UV ;
const int NunTV = nesh. get NunifVerts(); [linplicitly on mapping channel 1

for (int i=0 ;i< NunTV;i ++)
W = nesh.tVerts[ i ]; //Get all components of UVs array

Now, we are going to see how to get the UVsthat are used in the mesh. To do so, we need to
use the information set on faces in the tvFace array. tvFace = texture vertices faces.

The TV Face class contains only an array of 3 integersin itst[3] member variable. Only 3
integers as faces are always triangles.
Let’s see a complete example::

// Now get only the UVs used in the nmesh
const int NumlV = nesh. get NuniTVerts(); [linplicitly on mapping channel 1
if (! NumrV)return;

/1 Get numfaces in the nmesh
const int NunfFaces = nesh. get NunfFaces();
for (i=0;i<Nunfaces;i ++)
/1 CGet the TVface class fromits index fromtvFace (texture vertices)

TVFace& _tvface = mesh.tvFace[i];

/1 CGet the texture vertices (=UV) indices fromthis face
for (int j=0;j<3;j++)

{
/1 Get its index into the verts array
const int Wlindex = _tvface.t[j];
/[/1Get its W
const Point3& W = nesh.tVerts[ WI ndex];
}

Wi, this seems to be complex enough, unfortunately, to be very complete an information is
still missing... Remember, UV coordinatesin 3D Studio Max are Point3, so 3 floats
coordinates. So you are thinking that taking the 2 first coordinates of Point3 instances, that is
x and y would be enough to represent the U and V coordinates respectively. Well you are
right in most cases... But not exactly right.
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Most of the time, when using 2D texture bitmaps, the x and y represent the U and V
coordinates. But it is possible that in some cases it isthey and z or x and z that represent the
U and V coordinates...

To solve that problem, you need to look at the material applied on the mesh !!! On more
accurately on the BitmapTex instance for a bitmap texture assigned to the face you are
processing.

It is possible to access the Point3 class coordinates using an array, so 0 isthe x coordinate, 1
they coordinate and 2 isthe z. So the following worksfine :

Point3 P ;

const float x
const float y
const float z

P[0]; //Equivalent to P.x
P[1]; //Equivalent to P.y
P[2]; //Equivalent to P.z

Conseguently, in the material of the mesh, we only need to get the 2 indices that we should
usein the Point3 to get its U and V coordinates.

To do so, we have the following function :
From amaterial, it get the bitmap texture (BitmapTex class) which isin the diffuse texture
slot of the material.
Then this BitmapTex contains an instance of the class UV Gen which is the part of the
material which deals with UV coordinates. It contains information such as:

- A mirror is applied on UV coordinates

- Themateria has some texturetiling (U or V coordinates are greater that 1 in absolute

value)
- Theaxis used to specify the UV coordinates etc...

Y ou have guessed that the UV Gen information can be translated into a 2D matrix that should
be applied to the UV coordinates.

WEell, the information interesting for usis the axis used which says which indices in the Point3

coordinates should beused asU and V.
Let’s now see this custom function (not part of the SDK) named GetlndicesFromTexMap :
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void CetlndicesFromlexMap(int& il, int&i2, MI* ntl)
if (! _ml)return;

/1 Get the bitmapTexture which is in the diffuse

[1(it@© not a bitmap, it© a class with the bitmap)

Bi t mapTex* TMap = static_cast<BitmpTex*>
(_ntl->Get SubTexmap(I D DI));

if (!TMap)return;

[/l Check if we have a Bitnmap Texture material (BitmapTex)
if (TMap->ClasslD() != dass_|I D(BMIEX_CLASS | D, 0))
return; /1 Not interesting

[/ Get information about UVs from Materi al
WGen * pWGen = TMap->CGet TheUVGen()
i f(!pUVGen)return;

/1 CGet the Axis used to get the suitable indices
const int i Axis = pUVGen->Get Axi s();
switch( i Axis )

{
case AXIS WV :
{
il =0;
i2 =1;
}
break ;
case AXIS VW
{
il =1;
i2 = 2;
}
break ;
case AXIS WJ :
{
il =2
i2 =0;
}
br eak
}

}

Then with this new information we have all we need to get the real UV coordinates thisway :
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int il = 0;

int i2 = 1;

/1 CGet the material applied on the node
MI* ntl = node->GetMl ();

BOOL Multimaterial Applied = FALSE;

if (ntl)

{

if (ml->IsMltiMI())
Mul timaterial Applied = TRUE;

el se
//CGet the indices fromthis materi al
Get | ndi cesFronirexMap(i 1, i2, ntl);
}
}
el se
//There is no material on this node
return; //Not interesting
}

Point2 Real UV; //W are going to get the Real UV in a Point2 (2D vector)

[11f we have a nmultinmaterial applied on this node, we€re going to scan the

/11D of the faces too
if (Multimaterial Appli ed)
{
/1 Get the Multi Material
MultiMI* nmultintl = static_cast<MultiMI*>(ntl);

/1 Get the number of sub materials
const int NunSubMaterials = nmultintl->NunBSubs();

//Scan all faces of the nesh
for (int i=0;i<Nunfaces;i ++)
{
/1Get the IDin this face
const int ID = nmesh.getFaceM | Index(i) % NunSubMateri al s;

MIl* MI AppliedOnThi sFace = nultiml->Get SubM | (ID);
if (! MIAppliedOnThi sFace) conti nue;

Get | ndi cesFronirexMap(i 1, i2, MI AppliedOnThi sFace);

/1 Get the 3 texture Vertices ( = W )of this face.

/[/the TV info is nenorized on each face within the TVFace
/lclass inside nmesh

const TVFace& textureVerticeFace = nesh.tvFace[i];

/1 Get the 3 texture vertices
for (int j=0;j<3;j++)

{
W = nesh.tVerts[ textureVerticeFace.t[j] 1;
Real UV. x = WV[i 1];
Real UV.y = Wi 2];

}

} //To be continued on next page...
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else //1t is not a nultimaterial applied on the nesh

for (int i=0;i<NunfFaces;i++)

{
const TVFace& textureVerticeFace = nesh.tvFace[i];
/1 CGet the 3 texture vertices
for (int j=0;j<3;j++)
{
/1Get the TV
W = nesh.tVerts[ textureVerticeFace.t[j] 1;
Real UV. x = WV[i1];
Real WW.y = WI[i 2];
}
}

Now let’s see the UV coordinates in the other mapping channels from 2 to 99.
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13.6.2. UV coordinates in others mapping channels

To access the others mapping channels, we can use the following functions members of the
Mesh class:

i nt get Numvaps() const

BOOL napSupport (i nt np) const;

i nt get NumvapVerts(int np) const;
UWert *mapVerts(int np) const;
TVFace *mapFaces(int nmp) const;

- getNumMapsis used to know how many mapping channels are used in the mesh

- mapSupport is used to know if the mapping channel whose index is passed in
parameter is used or not

- getNumMapV erts returns the number of texture vertices for a specific mapping
channel

-  mapVertsisthe array of texture vertices for a specific mapping channel (note:
UVVert isatypedef defined to Point3)

- mapFacesisthe array of TV Face for a specific mapping channel

Note :

If your mesh contains 55 mapping channels for example. It is possible that only afew of them
are used. Because you can set mapping UV coordinates in mapping channel numbers 1 and
54. so the number of mapping channels would be 55 but only 2 of them would be used. So
don't forget to check if a mapping channel is used with the function Mesh::mapSupport.

Let’s see an example on how to get the UV coordinates in another mapping channel that 1 :
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/1 Get nunber of mapping channel s used
const int NunfFaces = mesh. get Nunfaces();
const int NunmvapChannel s = mesh. get Numvaps() ;

//Remark : if the user has set some UVs in the map channel, say 54.
/1 The NumvapChannel s woul d contai n 55.

//But only a few channels would be used such as 0, 1 and 54...

for (int i=0;i<NumvapChannel s;i ++)

{
/1ls this mappi ng channel used ?
if (! mesh.mapSupport(i)) continue;
/1 Get TVFace and TVerts arrays
TVFace* _TvFaceArray = nmesh. mapFaces(i);
Uwert* _TabTVert Array = mesh. mapVerts(i);
/1 UwWert = Point3
/ | Does both exist ?
if (_TvFaceArray && _TabTVertArray)
{
//Just a test...
const int NunmVapVerts = mesh. get NunvapVerts(i);
for (int facei dx=0;facei dx<NunfFaces; facei dx++)
{
const TVFace& tvface = _TvFaceArray[facei dx];
for (int j=0;j<3;j++)
{
const int CurrentTVIndex = tvface.t[j];
if (CurrentTVIndex >= NumMapVerts) continue;
/1 The last Iine should never happen
const UWert& W = _TabTVertArray[ Current TVI ndex];
}
}
}
}
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13.7. Faces and edges adjacency

It is possible to build an adjacency table between edges and between faces.
To do so, you have to create an instance of the AdjEdgelList and AdjFacelist faces.

To create an AdjEdgeL ist instance only the mesh is necessary.
But to create an AdjFaceList instance you will need the mesh as well as the AdjEdgeList
instance from this mesh...

Note:

To create the face adjacency table, you will need a mesh that does not contain degenerated
faces. By degenerated we mean that each edge should have exactly one or two faces, not
more. If thisis not the case, you could use the Mesh::RemoveDegeneratedFaces() function to
attempt to correct the mesh to work with this class)

Thisresultsin:

voi d Get Adj acencyFr omvesh( Mesh& _nesh)

{
Adj EdgelLi st* mAdj Edges = new Adj EdgelLi st (_nesh);
if (! mAdj Edges )return;

Adj Faceli st* mAdj Faces = new Adj Faceli st (_nesh, *mAdj Edges);
if (! mAdj Faces )return;

const int NunFaces = _nesh. get Nunfaces();
for (int faceidx = 0;facei dx<Nunfaces; f acei dx++)

/1 CGet all adjacent faces
for (int i =0; i < 3; i++4)

{
}

i nt adj facenum = mAdj Faces->list[faceidx].f[i];
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14. The most common plug-ins categories

In the plug-in categories list presented in the beginning of this document, only afew of them
are of interest to us. They are importers/exporters, utilities and modifiers

14.1. Importers-exporters plug-ins

They are the most common plug-in category. All companies that wants to get 3D content in /
out of 3D Studio Max have to use an importer / exporter plug-in.

It was not possible to read directly the .max file without launching 3D Studio Max
application, the only way was to use an exporter plug-in.

It is now possible to read a.max directly without the 3D Studio Max application launched
since 3D Studio Max 6 and later. It is called MaxfileReader and you can download this
project o the Sparks web site.

The importer isaplug-in that lets you create a 3D scenein 3D Studio Max from afile. Itis
more rare than exporters.

14.1.1. What can we get from a 3D scene ?

WEell, everything.  For example, we usually get

- meshes

- materials and bitmap textures

- splines/ patches

- cameras

- lights

- helpers objects (dummies for example)

- morphing information

- skinning information

- animation on anything that is animated (meshes, materials, bones)
The character animation and rigging is often made with the Character Studio plug-in
integrated within 3D Studio Max. The default skeleton is bcalled a Biped and the modifier to
skin a mesh with these bones is the Physique modifier (whileit is possible to use the Skin
modifier too)

We will selater some code examples using these objects.
14.1.2. The different types of file formats

It is possible to use your own custom file format to export data. The most common possible
types of formats are ASCII and binary file formats.
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The ASCII format isatext file, it is readable by a user/devel oper thanks to atext editor.
The pros of thisformat are:
- You can debug it easily by looking at the text file.
Theconsare:
- Reading/writing are slow, but if timeis not an issue that’s fine.
- File size can become huge, several mega-bytes for a 60, 000 polygons scene.
- Anybody could read your format (thisis an advantage as well as a drawback, it'sup to
you)
The pros of the binary file format are :
- It hasasmaller file size than ASCI|I
- Itisfaster to read/write than ASCII, this can be a big advantage when timeis
important.
The cons of thisformat are:
- Itisunreadable by a human in atext editor, even by the people that has created this
fileformat. Thisis also an advantage if you want to protect your data.
- If you modify the format, you can have problems of versioning to read/write old
versions. To overcome partly this problem, use a version number in the beginning of
your format..

It is aso possible to create amix between file formats by using ASCII and binary.
For example, mixing XML file format and binary.

The XML fileformat is considered to be a great format for importers/exporters. It iswidely
used over the internet and most software use this format.

It isvery convenient becauseit is atext file format with nodes properties that let you
show/hide some part of the file by collapsing/expanding nodes hierarchy. And it is natively
recognized in latest internet browsers.

However, you should be careful with existing XML parsers you can found on the internet.
Most of them has been thought and developed for internet content, so small sizefiles...
While these parsers could seem attractive, you will probably have to code your own parser...

Figure6: XML fileformat example under Micrososft I nternet Explorer
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14.1.3. Tips and tricks to devel op and importer/exporter

The perfect importer/exporter is anyway a dream. So we give the reader some advices from
the experience we had with devel oping importers/ exporters for severa video games projects
at the sametime.

- Create areport file. Reporting any problems with alevel of gravity (warning, serious
problem, crash etc..) can be interesting or really necessary. It gives the user a feedback
about whether the operation worked fine or not. Then you can show this file optionally
at the end of the import/export phase. Y ou should avoid a modal dialog box or any
information that stops the process in case the user is exporting several filesusing a
batch processing file.

- Importers/ exporters should always have the possibility to be launched using a batch
file, aMaxscript file for example. So don’t forget to have a Maxscript exposure to
your plug-in.

- Thinking about showing the parameters of your importer / exporter is afine thing but
you should also think about the possibility to be able to set this parameter using the
batch file or Maxscript file and removing any dialog box. It should exist a quiet mode
where no dialog box is shown whatever is the message...

- Thistipismostly interesting if you have severa projects that will use your
importer/exporter. Theideaisto let programmers customize your plug-in. To be able
to customize your importer / exporter can be a critical part if you have not thought
about that during the design. It can be interesting to separate your plug-in into several
DLLsoneto export a specific kind of object, say one for the mesh exporter, one for
the camera exporter etc... So if a programmer wants to customize your plug-in he will
only have to take care of asmall part of it and not recompile the whole project.

Soif you have a plug-in factory to load and register plug-ins available to export your
data you can send the data to the plug-in designed to export this kind of data. Say you
have amesh, send it to the DLL that exports meshes. This DLLs could be yours or
another custom DLL. This solution will aso avoid any #ifdef in your code for some
specific needs of a project.

Let’s see some examples about exporters :

An exporter classis aways a subclass of SceneExport SDK class. The main function of this
classis:

i nt SceneExport ::DoExport(const TCHAR *name, Explnterface *ei, Interface
*i, BOOL suppressPronpt s=FALSE, DWORD opti ons=0)

From this function happens the export phases.
For example you can get all nodes from the scene and export them once the system has called
the SceneExport::DoExport function. We can do that thisway :
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/1 Function to export all nodes froma scene.
voi d MyExport:: Get Al l Nodes( | Node* _node)

If (! _node) DEBUGSTOPRETURN //Macro to stop in debug build and
//return

bool b = Export Nodel nformati on(_node);

i f (!b) DEBUGSTOPVRI TEWARNI NG( MyExport :: Export Nodel nformation didn't

wor ked”) //Stop in debug build and wite a warning or error in a
[lreport file.

/I Recursively get all nodes
const int nuntChildren = _node->Nunber O Chil dren();
for (int i =0; i < nunChildren; i++)

Get Al | Nodes (_node->Get Chi | dNode( i ) );

Thisfunction is called likethis:

/1 This function is called that way :
Interface* ip = GetCORElInterface();
| Node* rootnode = _ip->CetRoot Node();
Get Al | Nodes(r oot node) ;

Note : Remember the root node is avirtual node which is the highest node in the hierarchy.
All nodes are children of the root node.

Then from anode, we can get its material and textures in the following manner :.

MIl* ml = _node->GetMI ()

If (ml1)//Some nodes could have no material ...

{
bool b = ExportMaterial (ntl);
if ( !'b) DEBUGSTOPWRI TEWARNI NG “ MyExport : : Export Nodel nf or mati on
didn’t worked”)
/[/Stop in debug build and wite a warning or error in a
[lreport file.

}

We have aready seen in the section 12 how to get the information from materials.

To remember : if you are beginning with 3D Studio Max SDK and you want to create an
exporter, you can use the |Game interface that has been designed to simplify the export phase
to beginners. See the section 25

Now let’s go in details with the modifiers plug-ins.
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14.2. The modifiers plug-ins

They are used to modify objects. They are pretty simple to setup except if you wish that the
user is able to select some parts of an object like its vertices or whatever. In this case, you
usually need to copy/paste a thousand lines of code from an existing modifer so thisissue
won't be discussed in this document.

The key function in modifier is Modifier ::ModifyObject. Thisfunction is called by the
system when the modifier needs to apply its modification.

Note : Don't forget to be thread safe when devel oping a modifier. See section 6.3.

Before seing the ModifyObject function, we need to introduce how the 3D Studio Max
geometry pipeline works.

14.2.1. The geometry pipeline

The pipeline used to modify objectsis called the geometry pipeline, or modifier pipeline or
pipelinein short. This pipeline acts on nodes to modify them in any way. It can act on any
kind of node.

We are going to understand that by seeing a concrete example. It’s a sphere procedural object
where we have applied two modifiers : an edit mesh and a UV W mapping then another edit
mesh and finally another UVW mapping.

Note :

The Edit mesh modifier is designed to edit parts of the mesh, such as move vertices, faces,
edges, create vertices, faces etc...

The UVW mapping modifier is designed to set UV coordinates on a mesh or a part of the
mesh.

The next figure represent the sphere and its modifiers applied. It is called the modifiers stack.

Figure 7 : The modifiers stack
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Thisis called amodifiers stack becauseit is a stack. The chronological order in which
modifiers are applied is from bottom to top.

In our example, the user has created a procedural sphere (at the bottom of the stack) then he
has applied an edit mesh, he has probably modified something on the mesh e.g. the faces
selection then he has applied a UVW Mapping modifier to modify the UV coordinates of this
face selection and so on...

When the system asks for an update of the pipeline, it works thisway :

1) Our sphere object is a BaseObject class instance with its procedural parameter such as
ray of the sphere. And the edit mesh modifier on top of it in the pipeline appliesits
modification on our sphere and we get another object, let’s call it Sphere 2 whichisa
modified version of our original sphere (e.g : the face selection has changed).

2) Then this new object Sphere 2 is used by modifier UVW Mapping to apply its
modification on it. This result in a3r object called Sphere 3...

3) Then the pipeline goes on with remaining modifiers on the stack linearly. ...

Toremember : The state where the object is after all modifiers from the stack have been
applied on it is called the world space state. Thisis an important information because we use
that to get the Object from a INode using the following function :

const CbjectState& Interface:: Eval Wrl dSt at e(Ti neVal ue ti me, BOOL
eval H dden=TRUE) ;

It isused in our GetTriObjectFromNode function which enables you to get aMesh from an
INode, see section 13.

Note:

About utility plug-ins, if you have a node with some modifiers on it and you try to modify its
mesh directly. It will work but only temporarily. But as soon as the system will update the
geometry pipeline for example when redrawing the viewport is necessary, all your
modifications will be erased because your modifications are not part of the pipeline and the
geometry will be re-built from the BaseObject and adding each modifier‘s modifications.

WEell, thiswas only a simplification of the geometry pipeline to understand it on the whole.
Here are the details:

The first time amodifier is applied on a mesh, an instance of 1DerivedObject is created. A

derived object is a container of modifiers followed by areference to another object.
See the following example::
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ThisisaCylinder which is a BaseObject and we have applied it a Bend modifier.

Figure8: A derived object inserted in the pipeline

A derived object is created, it contains aModApp and an object reference. The ModApp is
made of aModContext and a modifier reference, on the Bend modifier in our example.

Figure 9 : The components of a M odContext

A Modcontext has 3 components.

1) The Transformation Matrix. This matrix represents the space the modifier was applied in.
The modifier plug-in uses this matrix when it deforms an object. The plug-in modifier first
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transforms the points with this matrix. Next it appliesits own deformation. Then it transforms
the points back through the inverse of this transformation matrix.

2) The Bounding Box of the Deformation. This represents the scale of the modifier. For a
single object it is the bounding box of the object. If the modifier is being applied to a sub-
object selection it represents the bounding box of the sub-object selection. If the modifier is
being applied to a selection set of objects (and the user interface Use Pivot Points checkbox
is off), then thisis the bounding box of the entire selection set. For a selection set of objects
the bounding box is constant. In the case of a single object, the bounding box is not constant.
For example, if the user applies a 90 degree bend to a cylinder, then changes the height of the
cylinder, one would want the cylinder to still be bent 90 degrees. If the bounding box did not
adapt, the cylinder would appear to move through the bend causing the bend angle to be
incorrect.

3) A pointer to an instance of a class derived from LocalModData. Thisisthe part of the
ModContext that the plug-in developer controls. It is the place where a modifier may store
application-specific data. The LocalModData class has two methods the derived class must
implement. One is a Clone procedure so the system can copy a ModContext. The second isa
virtual destructor so the derived class can be properly deleted.

Figure 10: A derived object with 2 modifiers
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In this case anew ModApp isinserted into the existing Derived Object. The modifier
reference of the new ModA pp points to the Taper modifier.

The case where another derived object is created is when you create a reference on your node
and add a modifier to the new created node. It results in the following figure :

Figure11: anew derived object is created

The node named Cylinder02 on the top of the figure above is areference on the node named
Cylinder01. And we have added a Taper modifier on the Cylinder02 node.

Modifiers can also be instanced, it results in the following diagram :
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Figure 12 : Instanced modifier for 2 derived objects

Both derived objects refer to the same modifier.

The class IDerived object is used for example to check how many modifiers are there on a
specific node. See the code examples with this support document.
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14.2.2. Optimization of the geometry pipeline

To save speed and memory, the pipeline uses caches. It is called aworld space cache. This
cache contains avalidity interval which tellsif it needs to be updated or not.

When an object must be drawn, 3D Studio Max checks the node’ s world space cache and if it
isvalid, he takes the cached object, if not, it re-evaluates the node through the geometry
pipeline.

For the same reason of optimization, the pipeline is separated into different geometry
channels. They are called modifiers channelsin the SDK and the enum is ChannelMask.
Modifiers have the option of only modifying / using specific channels.

Thisway, only parts of the nodes that are needed by the pipeline are updated, the others
remain unchanged and cached.

This channels are beyond :
- geometry (vertices),
- topology (face or polygon structures),
- texturevertices (UV coordinates),
- sub-object selection,
- level of selection
- display control
- FEtc...

Channels used and changed are defined using Modifier::ChannelsUsed and
Modidifer::Channel sChanged.

So, when developing a custom modifier, if your goal isto modify the faces selection of a
mesh, you will have to define the following function this way in your modifier subclass:

virtual Channel Mask Channel sUsed () {return SELECT_ CHANNEL;};
virtual Channel Mask Channel sChanged () {return SELECT CHANNEL; };

If we wanted to use the faces selection as well as information about faces themselves to
modify the faces selection, we would have defined them thisway :

vi rtual Channel Mask Channel sUsed () {return SELECT_CHANNEL |

TOPO_CHANNEL; };
virtual Channel Mask Channel sChanged () {return SELECT_ CHANNEL; };

If we wanted to modify some vertices from afaces selection, our modidifer subclass would
have implemented the 2 functions thisway :

vi rtual Channel Mask Channel sUsed () {return SELECT CHANNEL;};
virtual Channel Mask Channel sChanged () {return GEOV CHANNEL; };

In the source code samples provided with this support document, you could find a modifier
example that moves the vertices of amesh.
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To validate these modifications ,the modifier must implement its validity interval for its
caching system :

Interval Modifier::Local Validity(TinmeValue t);

If the current time is within the validity interval, the cached object is returned instead of re-
evaluating the node' s pipeline and returning the result.

And finally, once you are done with modifying the object, you must call the
Object::UpdateVaidity function.

void Object:: UpdateValidity(int nchan, Interval v);

The first parameter is a modifier channel (called ChannelMask in the SDK) and the second
parameter isthe validity interval of these modifications.

So for example in asubclass of Modifier you could have the following code in ModifyObject
function, heart of the modifier :

voi d DL3DModi fierTutorial::MdifyQbject(TineValue t, MdContext &nt,
bj ect St at e* os, | Node *node)

[lls it a Triangle Mesh ?
if( (os->0bj) &&
(0s->0bj - >l sSubCl assOF (tri Obj ect d assl D) == FALSE)
)return;

/1Yes, so cast its Object
Tri Qbject *triOb = reinterpret_cast<Tri Obj ect *>(0s->0bj);

/] Get the mesh
Mesh& mesh = tri Qb->Cet Mesh();

/IWe are going to nodify the vertices
/1 Get the mesh boundi ng box
mesh. bui | dBoundi ngBox() ;

Box3 bbox = nmesh. get Boundi ngBox() ;
/] Comput e half |ength of boundi ng box
const float Length = FLengt h(bbox. Wdth()) * 0.5f;
/1 Add/ renove this length to the x coordi nates of vertices
const int NunVertices = nesh.getNunVerts();
for (int i=0;i<NunVertices;i++)
{
Point3& p = mesh.verts[i];

//1f our index is even, add it, if odd renove it
if (i %2 == 0)
p. X += Lengt h;
el se
p. X -= Lengt h;
}

/1 Update validity interval
tri Gb->Updat eval i dity(GEOM CHAN NUM FOREVER);
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This example changes the x coordinate of the mesh vertices thanks to its bounding box
information.
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14.2.3. Running through / Collapsing the modifiers stack

Y ou should know that it is possible to collapse the stack. Collapsing the stack means flowing
the object through the pipeline from the BaseObject to the world space cache object and
removing all modifiers applied and considering the world space cache object as the current
BaseObject.

To summarize, this meansto apply al modifications on the object and taking the result of this
as the current object and removing the history (the modifiers).

A triangle mesh object is concretely translated into an editable mesh object in that case.

Collapsing the stack is possible from the user point of view as well as programmaticaly. See
the source code samples given with this support document.

Note:

Modifiers can be activated / deactivated by the user. When they are deactivated, they don’t
modify the object any more since they are become active again.

It is also possible to copy / paste modifiers from one object to another.

So it is possible to run through the modifiers applied on a node this way :

voi d ScanModi fi er sFronNode( | Node* node)

{

if (! node)return;

bj ect *pbj = node- >CGet Obj ect Ref () ;

| Deri vedObj ect *pDer Obj = NULL;

Modi fier *sm = NULL;

ModCont ext * nt = NULL;

/1 Check for presence of derived object

/1 if none exists, create a new one

i f( pObj->Superd assl D() == GEN _DERI VOB _CLASS | D)
pDer Cbj = static_cast<lDerivedObject *> (pQoj);

}

el se

{
pDer Cbj = CreateDerivedObject();
pDer Cbj - >Tr ansf er Ref er ences(pbj ) ;
pDer Cbj - >Ref er enceObj ect (pOoj ) ;

}

/1 Gt num nodi fiers on object

const int Nunmvbds = pDer Cbj - >Numivbdi fiers();

for (int i=0;i<NumVbds;i++)
Modi fier *tMd = pDer Obj ->CGet Modi fier(i);
if (! tMbd) continue; //Should never happen
const char* MbdNane = t Mbd- >CGet Nane() ;
const Class ID& cid = tMod->d assl D() ;
ModCont ext* nt = pDer Obj - >Get MbdCont ext (i) ;

}

}
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In this example, we take an instance of the ModContext class, so we can access its
LocalModData pointer where local data of the modifier to apply itself are stored.
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14.2.4. «Surviving » a modifier stack collapse

Since 3D Studio Max 4, the SDK offers you the possibility to survive a stack collapse.

Thisis done through a mechanism which enables you to be notified before and after a stack
col apse happens.
These functions are part of the BaseObject class and Modifier is a subclass of BaseObject :

voi d BaseObj ect:: NotifyPreCol |l apse(l Node *node, |Derivedhject *der Qbj,
int index);

voi d BaseObj ect:: NotifyPost Col | apse(| Node *node, Cbject *obj,
| Deri vedObj ect *derObj, int index);

Using these functions, the modifier clonesitself before the objet is collapsed then it copiesits
clone after the stack has been collapsed.

A few modifiers (none ?) use this mechanism in the current standard modifiers of 3D Studio
Max.

Let’'s see how thisworks::

/1 Between NotifyPreCollase and NotifyPostCol | apse, Mdify is

/1 called by the system Lets not be nodified during the coll apse

voi d PerFaceData:: NotifyPreCol | apse(l Node *node, |DerivedObject *derQbj,
i nt index)

{
/] Copy our Local MbdDat a
Col | apsed = TRUE;
MbdCont ext * pMbdCt x = der Obj - >Get ModCont ext ( i ndex );
Cl onedLocal ModDat a = (Cust onDat a*) pMbdCt x- >l ocal Dat a- >Cl one() ;
TinmeValue t = Get COREInterface()->GetTi ne();
Not i f yDependent s(I nterval (t,t), PART_ALL, REFMSG_CHANGE) ;
}

/1 W want to survive a collapsed stack so we reapply ourselfs here
voi d Per FaceDat a: : Noti f yPost Col | apse( | Node *node, Cbj ect *obj,
| Deri vedObj ect *derObj, int index)
{
oj ect *bo = node->Get Obj ect Ref () ;
| DerivedObj ect *derob = NULL;
i f(bo->Superd assl () != GEN DERI VOB CLASS | D)
{
derob = CreateDerivedOnbject(obj);
node- >Set Cbj ect Ref (der ob) ;
}
el se
derob = (I DerivedObject*) bo;

/1 Add ourselves to the top of the stack
der ob- >AddModi fi er (t hi s, NULL, der ob- >NuniVodi fi ers());

/! Reinsert our |ocal npd data

ModCont ext* nt = der ob- >Get ModCont ext (der ob- >Nunmodi fi ers()-1);
nc- >l ocal Data = Cl onedLocal ModDat a;

Cl onedLocal MbdDat a = NULL;

Col | apsed = FALSE;
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The example above comes from the modifier PerFacedata whose source codeisin the SDK

samples. This modifier isused to set flags on faces of a mesh.

Here is an example of stack collapse from avalid INode pointer called « node » :

/1 Eval the node@s object (exclude WSM)
oj ect *ol dObj = node->Get Ohj ect Ref () ;

/1 Check for NULL
if (!oldObj) continue;

/1 Skip bones
if (oldObj->C asslD()==Class_| D(BONE_CLASS ID,0)) continue;

/1 RB 6/14/99: Skip system nodes too
Control *tmCont = node->CGet TMController();
if (tnCont && GetMasterController(tmCont)) continue;

Not i f yCol | apseEnunmPr oc Pr eNCEP(t rue, node) ;
EnunmCeon®i pel i ne( &Pr eNCEP, node) ;

hj ect State os
hj ect *obj

ol dObj - >Eval (g_i p->Cet Ti me());
(Obj ect *) 0s. obj - >Col | apseObj ect () ;

i f(obj == o0s.o0bj)
obj = (nject*)obj->C one();

i f (0s.obj->CanConvert ToType(tri QbjectC assl D))

/1 Convert it to a TriObject and nmake that the new object

Tri Object* tobj = (Tri Object*)obj->Convert ToType
(g_ip->CetTinme(),tri Objectd asslD);

ol dObj - >Set AFl ag( A_LOCK_TARGET) ;

node- >Set Cbj ect Ref (t obj ) ;

ol dObj - >Cl ear AFl ag( A_LOCK_TARGET) ;

/1 NS: 4/6/00 Notify all nods and objs in the pipleine,
//that they have been coll apsed

Not i f yCol | apseEnunPr oc Post NCEP( f al se, node, t obj ) ;
EnunteonPi pel i ne( &Post NCEP, ol dbj ) ;

if (obj!=tobj) obj->AutoDel ete();
}

Get SystenBetti ng( SYSSET_CLEAR UNDO) ;//flush the undo buffer
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14.2.5. The Extension Channel Objects

They are objects that will expand the geometry pipeline by allowing one to add a custom
object to the pipeline object that can flow down the pipeline. This object will get notified
whenever something in the pipeline changes.

They are inserted in the Modifier::ModifyObject function.

For example, if you want to indicate when a certain object becomes invalid for export to their
game engine, invalid skin-vertex assignments, bound patches etc. By inserting an Extension
Channel Object (XTCODbject, for short) into the pipeline you can accomplish this, by
constantly checking the structure of the object and displaying wrong faces/vertices etc. in the
viewport.

So in the Modifier::ModifyObject, you create an instance of your subclass of X TCObject and
you ad dit thanks to the Object:: AddXTCObject function :

voi d AddXTCObj ect ( XTCObj ect *pQhj, int priority = 0, int branchlD = -1);

Which leadsto :

oject* obj; //Valid object pointer

MyXTCObj ect * xtcobj = new MyXTCObj ect;

obj - >AddXTCbj ect ( xt cobj ) ;

obj Set Channel Val i di t y(EXTENSI ON_ CHAN NUM GetValidity(t));
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14.3.  The utility plug-ins

These plug-in category is widely used. It is used for example to extract information from a
complete scene such as the number of faces, materias etc..

Utility plug-ins are usually not linked to one specific object as modifiers are, they must be
thought as atoolbox plug-in. They are the easiest and fastest plug-ins to develop and they
don’'t need a complete knowledge of the geometry pipeline to be developed (while you should
feel at ease with it anyway now ).

Examples of utility plug-ins:
- A real time faces counter in a viewport
- Aracing track editor
- A scene checker for exporter constraints
- A modifier driver to save clicks and time and improve the workflow
- A plugin to retrieve the faces and vertices in amesh

Toremember :

Utility plug-ins only let you modify the geometry of an object if the modifier stack is
collapsed as we have seen before in section 14.2.1.

This can be aproblem if you want to act ona node where modifiers such as Skin or physique
are applied. If you collapse the stack al information about these modifiers will be lost as they
don’'t survive a stack collapse and all their data are stored locally in the modifier.

If you hesitate between developing a utility or amodifier, you can have alook at an article on
the Gamasutra web site : « Choosing Between Utility and Modifier Plug-Ins for 3D Studio
Max ». See section 28.

For example, to modify a mesh within a utility plug-in, you will haveto do it thisway :

BOOL deleteit;
Tri Cbject* tri
if ('tri)return;
Mesh& mesh

Get Tri Cbj ect FromNode( node, del eteit);

tri->GetMesh();

/1 Modi fy the nesh
Funct i ont hat Modi f yTheMesh() ;

/! Update all nesh caches
nesh. I nval i dat eGeontCache() ;
nesh. | nval i dat eTopol ogyCache() ;

/1 Update the Tri Qbject

Tri->Noti fyDependent s( FOREVER, PART_ALL, REFMSG CHANGE ) ;
Tri->NotifyDependents( FOREVER 0, REFMSG_SUBANI M_STRUCTURE_CHANGED ) ;
/1 Updat e the Node

node- >Not i f yDependent s( FOREVER, PART_ALL, REFM5G_CHANGE ) ;

node- >Not i f yDependent s( FOREVER, 0, REFMSG_SUBANI M _STRUCTURE_CHANGED ) ;

if (deleteit)
tri->Del eteMe();

i p- >For ceConpl et eRedr aw() ;
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14.4.  Global Utility Plug-ins

They are called GUP plug-ins. They are utility plug-ins with no user interface and they are
launched directly by the plug-in manager but there is no button to call them.

Toremember : GUP are thefirst loaded plug-in category. Most of the time they are used to
start aDCOM server so they need to beinitialized first.

It is possible to use this kind of plug-in to modify the user interface by adding / removing
menus from the 3D Studio Max Ul. You will have to set your callbacks by subclassing the
controls. See the MSDN documentation about that.

We can also use GUP as libraries or kernel of several plug-ins. Thisis because, the system
offers away to retrieve these plugins without being linked statically with them. Y ou can
retrieve a GUP just with its Class_ID by using the global function OpenGupPluglin defined in
the GUP.h header file.

So thisway you will only include the header file of your GUP plugin which will contain its
interface ( pure virtual classesin C++) and you could cast the GUP pointer retrieved with
OpenGupPlugln into the suitable interface...

So it will be akind of registered component inside 3D Studio Max without having the
complexity of Microsoft COM objects. Y ou could also have used the usual DLL system with
the LoadLibrary and getProcAddress Win32 functions but it remains easier using a GUP plug-
into do so.

For example, considering MyGUP as a subclass of GUP and MY GUP_CLASS ID uniquely
defined as the MyGUP Class_ID we could do :

GUP* mygup = QpenGupPl ugl n(MYGUP_CLASS | D);
if( ! mygup )return;

WGUP* m WGUP = (MGUP*)( nygup );

Itisaso possibleto list al registered GUP into 3D Studio Max through the GUP Manager
class, aglobal variable named gupManager isinstanced and defined in the GUP.h header file.
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15. From C++ to Maxscript and vice versa

We have seen previously the GUP. It can be used also to call Maxscript commands easily
from C++.
Because the GUP class provides you 2 functionsto do so :

bool ExecuteStringScript ( TCHAR *string );
bool ExecuteFileScript ( TCHAR *file );

- ExecuteStringScript executes a Maxscript command string. Thisisastring as you would
enter it into the Maxscript Listener.
- ExecuteFileScript takes a complete path filename of aMaxscript file to be executed.

Now let’s see the contrary asit is possible to expose C++ functions from a plug-in to
Maxscript calls.

Thereisaplug-in category specific for that purpose which is called a.DLX becauseitsfile
extensionisusually DLX. The X in DLX means Maxscript extension. But it becomes rare
because you can expose your C++ functionsin any plug-in category.

| usually use a GUP to do so. Why a GUP ? Because they are the first loaded plug-in category
so if you launch a Maxscript file at startup your Maxscript extensions will be loaded.

Let’s see how to do that.

Y ou need to use the Maxscript SDK which is part of the 3D Studio Max SDK which deals
with Maxscript classes, so you extend Maxscript by adding custom classes and functions.
First of all you will need to include Maxscript headers, they are in maxsdk\include\maxscrpt.

Warning : The subdirectory of maxsdk\include is “maxscrpt” without the “i” |etter.

So as an example, including the headers files would result in :

#i ncl ude "Maxscrpt\ Maxscrpt. h"
#i ncl ude "maxscrpt\Strings. h"
#i ncl ude "maxscrpt\arrays. h"
#i ncl ude "maxscrpt\nunbers. h"
#i ncl ude "maxscr pt\ naxobj . h"
#i ncl ude "maxscrpt\definsfn.h"

Warning:

- Inthis example, we have included the files to deal with strings, arrays, numbers, Max
objects. Not all of them are necessary for all Maxscript C++ development, thisis only
an example.

- Including these headers filesin the good order has a huge importance as if you don’t
set them in the good order, everything will compile and link however your Maxscript
extensions, functions or classes, will not work.

Sotherulesare:
0 Alwayslet the maxscrpt.h file be the first Maxscript includes.
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0 Alwayslet the definsfn.h file be the last Maxscript includes.

So if you need to add more Maxscript SDK header files, include them between these 2
include commands.

Now you can use Maxscript SDK into your code, say you want to expose a function named :
“MyFunction” that just returns the Maxscript value false.
Do thefollowing :

def _visible primtive(M/Function, "MyFunction" );
Val ue* MyFunction_cf(Value** arg_list, int count)

{
}

return & alse value ; //return the Maxscript fal se val ue

Asyou can see, we have used a macro command to register the function. Thisisthe

def visible primitive macro that exposes our function.

Then we implement it as aglobal C++ function named MyFunction_cf and avariable list of
parameters.

Warning:
- Don'tforgettoadd “_cf” to theimplementation of your function !
- Thefunction definition is fixed and can’t be modified by returning something else
than aValue for example. Valueisthe base classfor al typesin Maxscript SDK
(integers, floats, nodes pointers etc...).

And in this case we return the Maxscript false global value.

So, by defining this, you have exposed a C++ function to Maxscript calls and your function
can be called in the Maxscript listener or in aMaxscript file by the command :
“MyFunction ()”. Thisis the simplest example.

Now let’s see how to set parameters to our function so that our function should be called with
2 parameters : astring and an array of INode pointers. It should return the Maxscript true
valueif the function worked fine or falseif not.

The definition of the function remains the same. What changes is that we take care of the
variable arguments passed to the function :
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def _visible primtive(M/Function, "MyFunction" );
Val ue* MyFunction_cf(Value** arg list, int count)
{

check_arg_count (MyFunction, 2, count);
type_check(arg_list[0], String, "[The first argunent of MyFunction
should be a string that is a full path name of the file to export]");

type_check(arg_list[1], Array , "[The 2nd argunment of MyFunction
shoul d be an array of nodes]");

/1 Get first paraneter as a string
const char* fullpathfilenane = arg list[0]->to_string();
bool res = DoSonet hi ngWthThisString(fullpathfil enane);
if (! res) return &false_val ue);

/1 CGet 2nd paraneter as an array
Array* BonesArray = static_cast<Array*>(arg_list[1]);
const int ArraySi ze = BonesArray- >si ze;

/1 CGet all elenents from array
for (i=0;i<ArraySize;i++)

/] Check if each elenent is a | Node
if (BonesArray->data[i]->is_kind_of(class_tag(MAXNode)) )

{
I Node* node = BonesArray->data[i]->to_node();
if (! node)return &fal se val ue);
res = DoSonet hi ngOnTheNode( node) ;
if (! res) return &false_val ue);
}

}

return &rue_value ; //return the Maxscript true val ue

So to check the number of parameters sent to the function, we use the macro

check_ar g_count which returnsan error in the listener if the number of argumentsis not the
one we expected.

Then we check for the type of the arguments by using the macro : t ype_check, thefirst
parameter is a parameter of the function from the array of parameters, the second is the type
to check here String or Array which are Maxscript SDK classes whose headers should be
included. And the third parameter is the error message if the parameter has not the expected

type.

Then we use others macros to cast the untyped arguments into their suitable type. E.g. :
to_string (); or to_integer(); etc...
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16. Thetime

3D Studio Max lets you create animation, to do so, obvioudly, it uses atimer and the SDK
provides you some functions to deal with time.

Fro example we have aready seen the Interface::GetTime function to retrieve the current time
in the UI.

Before talking about animation, we need to understand what are the time concepts used.

Toremember :
Timeisstored internally in 3D Studio Max as an integer number of ticks. Usually, each
second is divided in 4800 ticks.

Thisvalueis chosen in part because it is evenly divisible by the standard frame per second
settings in comm.on use (24 -- Film, 25 -- PAL, and 30 -- NTSC).

Toremember :

The data type used to store a specific instance of timeisthe TimeValue. A TimeVaue stores
the number of ticks the time represents. When a developer specifiestimeto almost all the
functionsin the SDK they use TimeValue.

Above the tick units are the frames units then the number of frame per seconds (FPS) is
defined by the user in the Ul.

So to express a TimeValue in seconds, we have to trandate the values in frames then in
seconds to do that the SDK provides 2 global functions::

int GetTicksPerFrane();
int GetFraneRate();

So as an example you can translate atime expressed in seconds in TimeValue thisway :

int t in_seconds ; //Valid tinme in seconds units
const TinmeValue t =t _in_seconds * GetTicksPerFrane() * GetFraneRate();

Now, we are going to see the key frames animation.
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17. Retrieving keyframes animation

The SDK lets you get / set keyframes animation. To do so, 3D Studio Max uses controllers. A
controller stores keyframes and interpolate between these ketframes. So it creates an
animation curve that you can edit in the Ul.

It exists most common types controllers e.g. float controllers, Point3 controllers, quaternions
etc..

Note :

1) Each controller has its own interpolation algorithm, so al keyswill be interpolated using
this algorithm. However, you can change the tangent of the keys when that is possible to
change the animation curve.

2) There are some cases where you can't get the keyframes directly. So you need to sample
your animation by taking at a fixed time interval a sample of your animation curve. Itis
afterwards possible to ssimplify this animation curve using polynomial interpolation of Bezier
curves fitting.

We are going to see in details how to get the keyframes of an animation controller about the
position of an object. We will focus only on the X component of the position.
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Control* _tnctontrol = _node->CGet TMController();
if (! _tncontrol)return;

Control * _xposcontrol = _tnctontrol->GetPositionController()
->CGet XController();
if (_xposcontrol)
{
/1Pl ease, don©& use a Bezier position controller (Max default
/[lcontroller) as an exanple, as it doesn& have a key control
/linterface...

| KeyControl * i ke = GetKeyControl I nterface( _xposcontrol );
if (! ikc)
{
//we have to sanmple this animtion...
}
el se
{
const int nunkKeys = ikc->Get NunKeys();
/1 Position
/1 TCB I nterpol ation
if ( _poscontrol->ClasslD) ==
Cl ass_I D( TCBI NTERP_PCOSI TION_CLASS ID, 0 ) )
{
| TCBPoi nt 3Key key;
for (int i=0;i<nunKeys;i++)
{
i kc->GetKey( i, &key );
}
el se //Bezier interp.
if ( _xposcontrol->CasslD() ==
Cl ass_I D( HYBRI DI NTERP_POSI TI ON_CLASS ID, 0 ) )
{
| BezPoi nt 3Key key;
for (int i=0;i<nunKeys;i++)
{
i kc->GetKey( i, &key );
}
el se //Linear interp.
if ( _xposcontrol->ClasslD() ==
Class_I D( LI NI NTERP_PCOSI TION_CLASS ID, 0 ) )
{
| Li nPoi nt 3Key key;
for (int i=0;i<nunKeys;i++)
{
i kc->GetKey( i, &key );
}
}
}
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18. Sub-anims

In the SDK the term anim refers to something derived from class Animatable.

This anim can be anything such as a node, object, controller, material, texmap, parameter
block, etc.

Further, any item that has sub-items has what are referred to as sub-anims. This hierarchy of
items, the parent item and it s sub-items, is referred to as the sub-anim hierarchy. The sub-
anim hierarchy can be thought of asthe Track View hierarchy.

Below isapartial screen capture of Track View showing afew anims and their sub-anims.

Figure 13 : Thetrackview showing subanims

For example we have seen that a node contains 6 sub-items that were :
- Ananimation controller for its 3D transform
- Theobject reference. Each hode maintains a pointer to an object this a pointer to the
base procedural object or derived object (BaseObject or IDerivedObject see section
Erreur ! Sourcedu renvoi introuvable.).
- The«Pin Node » for Inverse Kinematics (set to NULL by defaut).
- Themateria reference
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- Thevisibility controller
- Theimage blurr controller (set to NULL by defaut)

All these are sub-anims of the node.

Another exampleis aprocedural sphere. It contains parameter such asitsray. These
parameters are sub-anims of the sphere.

Note :
Obviously, sub-anims can contain others sub-anims.

We can access al of them by using the following functions from Animatable class :

i nt Ani mat abl e: : NunBSubs() ;
Ani nat abl e* Ani mat abl e: : SubAni nm(int i)
TSTR Ani mat abl e: : SubAni mNarme(int i);

- The NumSubs function returns the number of sub-anims of an anim object.
- SubAnim returns the ith sub-anim.
- SubAniname returns the name of the i sub-anim.

Example:
From a Standard material (StdMat), we can retrieve which sub-anims are animated.

Stdvat* _stdnat; valid pointer

const int nunsubani ms = stdmat ->NunBubs() ;

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

{
Ani mat abl e* subAnim = _ stdmat ->SubAninm( j );
if ( subAnim && subAni m >l sAni mated() )

//This sub-animis ani mat ed

Toremember :
To retrieve the sub-anims of an anim, you can use the trackview in the Ul.
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19. References

In the 3D Studio Max architecture, elements of the scene often form dependencies on one
another. The typica manner these dependencies are handled in 3ds max are through
References pointers. A referenceis arecord of dependency between areference maker and a
reference target. The reference maker is said to be dependent upon the reference target. If the
target changes in some way that affects the maker, the maker must be notified so it may take
appropriate action.

So the 2 important classes are ReferenceM aker and ReferenceTarget to handle references.

Note:

This use of the term reference in this section should not be confused with the term reference

used in the 3d Studio Max interface and user manuals. Nor isit to be confused with the C++

definition of reference.

In this section, the term reference will always apply to the notion of a dependent relationship
unless specifically stated otherwise.

The ReferenceTarget classis derived from ReferenceM aker. And most plug-ins are subclasses
of ReferenceTarget.

So, there are 2 main functions when working with references, they are :

Ref Result Ref erenceMaker:: MakeRef Byl D (Interval reflnterval,int which
Ref Tar get Handl e htarget);

Ref Result ReferenceTarget:: NotifyDependents(lnterval changelnt, PartlD
part| D, Ref Message nessage, SCl ass_|I D scl ass=NOTI FY_ALL, BOOL
propagat e=TRUE, Ref TargetHandl e hTarg=NULL );

Ref Result Ref erenceMaker: : Noti fyRef Changed(I nterval changelnt,
Ref Tar get Handl e hTarget, Partl D& partl| D, Ref Message nessage);

MakeRefByID creates a reference between the object which calls the function, and the
ReferenceTarget specified by the htarget parameter. The target then maintains this record of
dependency viaits pointer back to the reference maker. Anindex is used to retrieve this
reference aswell asavalidity interval.

NotifyDpendents is used when areference target changes to notify its dependent reference
makers of this change. Asin modifiers, the “channels’ where the change has happened is
specified using an enum.

NotifyRefChanged is the function called when a dependency has been changed. This function
should be implemented in a subclass of ReferenceMaker.

When an instance of ReferenceTarget notifies a change, it gives an enum of what this change
was dealing with. Here are afew examples of reference messages
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- REFMSG_NODE_NAMECHANGE : specifies that the name of anode has changed.
- REFMSG_TM_CHANGE specifies that the 3D transform of a node has changed
- Etc.

The messages list is very complete and won't be described in detail. We will let the user see
the SDK documentation in the section “List of Reference Messages and their PartID
parameters’.

Asfor sub-anims, it is possible to list and retrieve all references of an object by using :

i nt ReferenceMaker:: NunRefs();
Ref Tar get Handl e Ref erenceMaker: : Get Reference(int i);

For maintenance about references, 4 functions are used, their names could be confusing, so
you should really now what each of them do :

Ref Resul t Del et eAl | Ref sFromve() ;
Ref Result Del et eAl | Ref sToMe()

Ref Result Del eteAl | Refs();

Ref Result Del et eRef erence(int i);
voi d Del et eMe() ;

DeleteAllRefsFromMe : this method deletes all references from this ReferenceMaker. This
also sendsthe REFMSG_TARGET_DELETED message to al dependents.

DeleteAllRefsToMe : This method deletes all references to the target. Thisis often used when
an item is being deleted and it wants to remove all references from itself..

DeleteAllRefs : Deletes all references to and from the calling reference maker..

DeleteReference : deletes a particular reference from its index. Chaque objet utilise en interne
un compteur qui compte le nombre de foisou il est référencé, lorsque ce compteur tombe a0
I’ objet est effacé par laméthode DeleteThis().

DeleteMe deletes al references to and from the calling reference maker (by calling
DeleteAllRefs function), sends the REFMSG_TARGET_DELETED message, handles Undo,
and deletes the object.

Toremember :
So the best way to delete aMax object correctly is using the DeleteM e function which is the
more complete and will handle undo/redo.

Note:

The reference array inside an object can be scanned using NumRefs() and GetReference(int i)
functions. But you should be careful as the GetReference may return NULL pointers
sometimes. Because when you delete areference by using DeleteReference function, it
deletes the reference inside the array but it does not resize the array, its slot will contain a
NULL reference pointer...
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Y ou should know that iit is also possible to find/ replace/ read / save references from inside
an object but we won't cover this topic in this document.
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20. Custom User interface controls

A set of custom controls are available for use in the user interface design of 3D Studio Max
plug-ins.

These controls provide an important element of consistency between the plug-in and the
system, making new plug-ins appear fully integrated with 3D Studio Max.

Thislets you create controls of type such as:
- Edit box
- Spinner
- Slider
- Check, Pus hand icons buttons.
- Status
- Toolbar
- Curve Control
- Image
- Color Swatch
- Rollup
- Thumb Tack (enables the “always on top” property for a window)
- Off screen buffer
- TCB Graph
- Dragand Drop

We won'’t describe here how to set them in adialog box from the resource as we will se that
in apractical way.

The code samples from the SDK are full of examples. E.g. you can have alook at the cpp file
CUSTCTRL.CPP and custcont.h for the header file about custom controls.

Let’s see an example on how to create a spinner of type integer with arange from 1 to 4 with
1 asadefault value (initialization).

Spinners are created using 2 controls, a spinner control and an edit box which are linked in
some way.

Let IDC_CUSTOM_SPINNER be the resource ID in the header file resource.h of the spinner
control and IDC_CUSTOM_EDIT bethe ID of the edit box linked to the spinner and
m_hwWnd be the HWND of our dialog box.

We create the spinner in our dialog box thisway :

| Spi nner* i Spin = SetuplntSpinner(mhWd, |DC CUSTOM SPI NNER,
IDC_ CUSTOM EDIT, 1, 4, 1);

Thisis not the only way to create our spinner but it’s the quickest way as it does everything at
once.
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An dit the callback handling messages of our dialog box, we add the following messages
handlers:

static | NT_PTR CALLBACK MyDl gProc(HWND hWhd, U NT nsg, WPARAM wPar am
LPARAM | Par am

{

switch (nsQ)

case CC_SPI NNER_CHANGE:

{
const int Val = iSpin->GetlVal();
/I Updat e sonet hi ng from new spi nner val ue

}

br eak;

}
Ret urn TRUE;

So, there are some others spinners message we won't describe here. Anyway, you have the
main elements to deal with custom controls.
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21. Parameters blocks and parameter maps

The parameter block class provides a mechanism for storing values for a plug-ins parameters.
When a parameter block is created, the devel oper specifies the number of parameters and the

types of each parameter. Parameter types consist of arange of built in types like integer, float,
3D Point, and Color.

Parameters may be animated or constant. In order for a parameter to be animatable, it must
have a controller to control the animation. Different parameter types require different
controller types. For example, afloating point value, like the angle parameter for the bend
modifier, requires afloating point controller. A node transformation matrix requires a
transform controller. The most common controllers are interpolating or key frame controllers

One of the main purposes of parameter blocks is to manage the complexity of maintaining
different controllers for different parameters.

This mechanism isinteresting if you want to set alot of parameters with different controllers
into your plug-in.
It will also automatically do for you :

- Animation of these parameters

- Reading/ saving of these parameters

- Building of the dialog box controls to control your parameters thanks to parameter

maps
- Exposing the parameters to Maxscript

They can be automatically added to your project by using the plug-in wizard. Thisisthe
simple way to create them.

So, we are going to focus on how to create them from scratch manually by adding an instance
of the ParamBlockDesc2 class.

Thisclassisalittle bit complex as we have to give to its constructor all parameters
information we want to build. If you make a mistake giving these information, it won't
work...

Here is an example which builds 3 parameter blocks with 2 checkboxes which will be

Booleans values and a float spinner. The controls will be generated in the Rollup panel named
IDD_PANEL (on next page) :
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static ParanBl ockDesc2 wel dvert exanduvs_par am bl k
( wel dvertexanduvs_parans, _T("parans"), 0, &Wel dVertexAndUVsDesc,
P_AUTO CONSTRUCT + P_AUTO U, PBLOCK_REF,

[/rollout
| DD_PANEL, |DS PARAMS, 0, 0, NULL,

/] parans
shared uvs_only, _T("shared W/s only"), TYPE BOOL, 0,"VWeld the

shared Uvs only",

p_defaul t, 1,

p_ui, TYPE_SI NGLECHEKBOX, | DC_CHECK SHAREDUVONLY,

end,

wel d_sel ect ed, _T("Weld Selected"), TYPE BOOL, O, "Wld
Sel ected Vertices",

p_defaul t, 0,

p_ui, TYPE_SI NGLECHEKBOX, | DC_CHECK_WELDSELECTED,

end,

wel d_sel ect _threshol d, _T("Wl dSel ected Threshol d"),
TYPE_FLOAT, P_ANI MATABLE, "Weld Sel ected Threshol d",

p_default, O0.1f,

p_range, 0.0f, 100. 0f,

p_ui, TYPE_SPI NNER, EDI TTYPE FLQOAT, |DC_CUSTOM EDI TTHRESHOLD,
| DC_CUSTOM SPI NTHRESHOLD, SPI N_AUTOSCALE,

end,

end

In your plug-in class you will have defined
| ParamBlock2 * pblock; Iref O

Then into your class constructor you will call the method MakeA utoParamBlocks

And inside your plug-in, you could call the following to get a parameter block value :
BOOL bSHaredUvsOnly ;
pbl ock- >Get Val ue(shared_uvs_only,t, bSHaredUvsOnly, FOREVER) ;

Let’s see the command modes.
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22. The command modes

A plug-in may want to process mouse interaction in any of the viewports, thisis done through
the Command modes.

For example, the zoom, rotate, pan of cameras are command modes. Because 3D Studio Max
works internally with command modes, there is always an active command mode (select,
move, rotate, scale etc...).

To dedl with this command modes, a stack of modes has been created. Here are the functions
to usethem:

voi d PushConmandMode( CommandMode *n)

voi d Set CommandMode( CommandMode *m)

voi d PopComandMbode() ;

ConmandMode* Get CommandMode() ;

voi d Set St dCommandMbde(int cid);

voi d PushSt dCommandMode(int cid);

voi d RermoveMode( CommandMbde *n

voi d Del et eMbde( CommandMbde *n)

i nt Get CormandSt ackSi ze();

ConmmandMode * Get CommandSt ackEntry(int entry)

Note :

By default, in acommand mode, right clicking with the mouse cancels the action and pops the
last command mode from the stack so it gets back to the previous active command mode from
the stack.

The mouse is handled using the function CommandM ode::MouseProc. It returns a
MouseCallBack class instance and the number of clicks necessary to perform a complete
operation.

Note:

Be careful, in the number of mouse clicks when the user releases a button is counted as a
mouse click. So to deal with one mouse click in the viewport, the command mode should
returned 2 clicks (one for the mouse button down message and the other for the mouse button

up message)

MouseCal | Back * CormandMbde: : MbuseProc(int *numnPoi nts);

The MouseCallBack class has a few function whose main function is the
MouseCallBack::proc function.

i nt MouseCal | Back: : proc(HWND hwnd, int nsg, int point, int flags,
| Point2 m):

This function gets called by the system when an event occur.
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This function gives you in its parameters respectively :

- The HWND of the viewport wher the event has ocured.

- The current mouse message such as mouse down, mouse up, mose move... Be careful,
these are not standard Win32 messages !

- Thecurrent point number : O isthefirst click (mouse down), & isthe second click
(mouse up) etc...

- Flags enables you to know if the shift, control or alt keys are pressed or not while the
event OCcures.

- The 2D point in the viewport coordinates where the user has clicked. It is possible to
trandate this 2D point in a 3d ray to intersect anything in the 3D scene usin the
viewport methods (ViewExp class)

It exists some others functions from Interface class to test if elements are inside a selection
rectangle. The main functionis:

int Interface:: SubObHitTest (TinmeValue t, int type, int crossing, int flags,
| Point2 *p, Viewkxp *vpt);

We will let the user see thisin details in the documentation.
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23. The Matrix3 class

3D Studio Max handles 3D transforms with the Matrix3 class.
It isjust amatrix with 4 lines and 3 rows.
It contains a2 dimensions float array :

float n{4][3];

Which leads into the following schema :

m[0][0] m[O][1] m[0][2]
m[1][0] m[1][1] m[1][2]
m[2][0] m[2][1] m[2][2]
m[3][0] m[3][1] m[3][2]

the following matrix is called the identity :

oNoNoN
oNoN N
OFrr OO

In fact, this matrix isa3x3 matrix containing the scale and the rotation combined on the 3
firsts lines and the last line is the trandl ation part.

The Matrix3 classis very complete and lets you build rotation Matrices from quaternions,
Euler angles, axis and angle... We invite you to have afurther look at the functions of this
class.

To remember :

When we multiply a Point3 (3d vector) by a Matrix3, the operations are done in the following
order :

- Addtrandation

- Multiply by rotation

- Multiply by scale

Toremember :
To combine matrices, you will have to multiply them on the right (called premultiply).

Example:
To combine the 3 matrices A, B and then C in this order into a ResultMatrix, we need to
write:

Matrix3 ResultMatrix=C* B* A ;
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It can be important to decompose a matrix into its affine parts that are its translation, rotation

scale and scale axis.
This can be handled by the AffineParts structure and the global function :

voi d deconmp_affine(Matrix3 A, AffineParts *parts);

Decomp_affine decomposes the Matrix3 into its affine parts.
And the AffineParts structure contains:

Point3 t;

/1 The transl ati on conponents.
Quat q;

/1 The essential rotation.

Quat u;

/1 The stretch rotation. This is the axis systemof the scaling application

Poi nt 3 k;
/1 The stretch factors. These are the scale factors for x, y and z.

float f;
/1 Sign of the determ nant.

This decomposition comes from the following article :
Graphics Gems |V - Polar Matrix Decomposition by Ken Shoemake. ISBN 0-12-336155-9.
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24. The template class Tab

Thisisageneric table class. Thisis atype-safe variable length array which also supports list-
like operations of insertion, appending and del eting.

It isvery useful asit avoids using hardcoded size arrays. So it will save memory usage.
It drawback isto be slower than using afixed size array, because of memory re-allocation.
But you can partly overcome thisissue.

Toremember :
You can use these arrays only with elements of thearray that don’t allocate memory.
And if memory usage has to be preferred to speed optimizations.

Notes:
- Becareful, this class don't use the copy constructor when reallocating memory.
- If you want to use elements that allocate memory, use pointers on these e ements
instead of setting elements directly in the array.

These arrays can be used locally inside a function. They works internally with 2 numbers that
are:

- naloc: isthe number of elements allocated in the array

- count : isthe number actual used.

So you aways get the relationship : count <= nalloc.

The allocation/deall ocation is automatically done when you use the insert and remove
functions.

Let’s see the main methods of thisclass:

i nt Count() const

voi d Zer oCount ()

voi d Set Count (int n, BOOL resize=TRUE)

int Append(int num T *el, int all ocExtra=0)
int Insert(int at, int num T *el)

int Delete(int start,int num

voi d Sort (ConpareFnc cnp)

T& operator[](const int i) const

int Resize(int num

voi d Shrink()

Count : returns the number of entries being used (so the count variable, not the nalloc number)

ZeroCount : set the number of elementsin the array that are actually used to zero. But it does
not deall ocate anything.
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SetCount : Set the number of elementsin the array that are actually used to n. It alocates/
deallocates by default the memory used.

Append : Appends "num" elements position on end of array, if it needsto enlarge the array,
allocate "allocExtra' extraslots.

Insert : Inserts "num" elements positionned at "at" index.

Delete:

List-type delete of "num" elements starting at the "start” position. No memory is deallocated,
count has been updated but nalloc has remained the same. Y ou should call the Shrink()
function after a Delete to ensure memory is deallocated.

Sort : sorts the elements of the array using the standard C library gsort function. Y ou provide
afunction pointer to compare the elements in the CompareFunc type.

The|[ ] operator letsyou access directly the e ements of the array.

Resize : Changes the number of allocated items to num, so it allocate/deallocate memory
consequently.

Shrink : reallocates so there is no wasted space (nalloc = count)

Example with integers :

Tab<i nt > UsedFaces;
UsedFaces. Set Count (0) ;

//Process all indices
for (int i=0;i<nunfaces;i++)

{
int adr = i;
UsedFaces. Append( 1, &dr) ;

For each iteration, the array is going to be reallocated and all elements will be copied which
can be time consuming.

To overcome that, you can specify the number of extra elements to alocate instead of adding
one element at each iteration, so you will improve the speed of your function.

So it the las example, replace :

UsedFaces. Append( 1, &adr) ;

By:

UsedFaces. Append( 1, &dr, 100);
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100 extraelements will be allocated when i twill be necessary and nothing will be alocated is
count < nalloc.
After the for loop is finished you can call Shrink() to ensure no waste of memory.

Our array isfilled with integers from 0 to numfaces+1, we use the following function to read
it:

const int NunlsedFaces = UsedFaces. Count();

for (int i=0;i< NumlsedFaces;i ++)

{

}

Const int IndexFromArray = UsedFaces[i];

The final example is on how to sort this array :

Y ou have to define the integers comparison function thisway :

int _cdecl SortTablnt(const void *eleml, const void *el enR)
{

/*

returns

< 0if elem |ess than el en?

Oif eleml identical to elen?

>0 if eleml greater than el en?

*/

int* lelenml = (int*)el em;

int* lelen2 = (int*)el en?;

if (*leleml < *lel enR)
return -1;

if (*leleml == *lel enR)
return O;

[1if (*lelenl > *lel enR)
return 1,

Then in another part of the code you use it like this:

Conpar eFnc cnp = Sort Tabl nt;

/] Sort our array
UsedFaces. Sort (cnp) ;
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25. The IGame interface

The Game Export Interfaceisahigh level API. It has been developed to greatly simplify data
export from 3d Studio Max.

What you can retrieve easily using IGame includes :

- GeomObjects (Tri-mesh, Patch-meshes, Cameras, Lights...)

- Spline Objects

- Helper Objects

- Modifiers

- Unified direct access to Skin and Physique modifiers (to extract skinning information)

- Controllers access for key framed and sampled animation curves. Controllers access to
Biped (character studio), Euler and constraints.

- Materials and bitmap textures

- All paramblocks

From these interfaces, you can also have adirect access to the origina data so you can mix
|Game and classic exporter functions.

Example about controllers
Thisisthe original code, without using |Game to get the key frames of a TCb interpolation
controller on the position of an object :

Control * cont = node->Get TMController()->CetPositionController()
if (! cont)return;

int i;
| KeyControl *ikc = NULL;

i kc = GetKeyControllnterface(cont);

/1 TCB point3
if (ikc & cont->ClasslD() == Cass_| D(TCBI NTERP_PO NT3_CLASS ID, 0))

for (i=0; i<ikc->GetNunKeys(); i++)
| TCBPoi nt 3Key key;

i kc->CGetKey(i, &key);
/1 do as you wish with the data

The following does the same using IGame !

| GaneKeyTab poskeys;
| GaneControl * pGameControl = ganeNode->Cet| GameControl ();
pGanmeCont r ol - >Get Bezi er Keys( poskeys, | GAVE_PQOS) ) ;

So it'sworth trying...
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26. Undo / Redo

The SDK provides you away to deal with the undo / redo stack. So that the user can
undo/redo operations made into your plug-in.

Toremember :
The classinvolved in undo/redo isthe class Hold. Thereisagloba variable of this class
named “theHold”.

The other class linked to this mechanism is the RestoreObj class. It provides you away to
store your modifications and apply/unapply them.

26.1. Undo / Redo mechanism

Usualy, an undo / redo command is made using a block of commands always called in the
same order whichiis:

t heHol d. Begi n() ;

if ( theHol d. Hol di ng() )

{
t heHol d. Put (new MyRest oreQbj);

t heHol d. Accept (“My operation nane”);
}

Let’sseein detail what are the Hold class main functions::

voi d Begin();

i nt Hol di ng();

void Accept(int nanelD);
voi d Accept (TCHAR *nane) ;
voi d Cancel ();

voi d Put(RestoreChj *rob);

voi d SuperBegin();

voi d Super Accept (i nt namrel D);
voi d Super Accept (TCHAR *nane) ;
voi d Super Cancel ();

Begin : isused to tell the system we are going to use the undo/redo mechanism, after this
function has been called the system is ready to accept restore objects. It should always be
followed by the Put and Accept functions to record a complete undo operation.

Holding : returns ann integer saying if the system iswaiting for arestore object. So it returns a
non zero integer if Begin has been called but not the Accept function yet.

Accept : registers an undo object with the undo system. Thiswill allow the user to undo the
operation.
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Cancdl : is called instead of the Accept function, it throws out the registered restore object.
This cancels the undo operation. Y ou usually call it when the user can cancel your operation
such as by using amouse right click.

Put : the developer calls this method to register a new restore object with the system. Once
this object is registered the devel oper should set the A_HELD flag of Ani nat abl e, i.e. call

Set AFl ag( A_HELD) . Thisindicates that arestore object is registered with the system. It uses
the subclass of RestoreObj to apply/unapply the operation.

SuperBegin : normally thisis NOT needed but in specia cases this can be useful. This alows
adeveloper to group a set of Begin()/Accept() sequences to be undone in one operation.
Consider the case of the user using the Shift-Move command to create a new nodein the
scene. There are two partsto this process. First the node must be cloned and second the
position must be tracked as the user moves the mouse to place the new node in the scene.
Naturally if the user wanted to Undo this operation, they would expect a single selection of
the Undo command would accomplish it. However the process was not a single operation.
There was the initia cloning of the node, and then the iterative process of moving the nodein
the scene, restoring its position, moving it again, restoring it again, etc. Cases like this are
handled using methods of theHold named SuperBegin(), SuperAccept() and SuperCancel ().
These alow the developer to group severa restore objects together so that they may be
undone viaasingle selection of Undo.

SuperAccept : when a developer has used Super Begi n() , this method is used to Accept. It
registers the restore object with the undo system. Thiswill alow the user to undo the
operation.

SuperCancel When a devel oper has used Super Begi n() , this method is used to Cancel. This
restores the database to its previous state and throws out the restore object. This cancels the
operation.

S0 to use the « Super » functions family, you should do It like this:

t heHol d. Super Begi n() ;

t heHol d. Begi n() ;
t heHol d. Put (new MyRestore(bj 1);
t heHol d. Accept (“My operati on nane”);

t heHol d. Begi n() ;

t heHol d. Put (new MyRest ore(bj 2);
t heHol d. Accept (“My operati on nanme2”);

t”HeHoI d. Begi n() ;
t heHol d. Put (new MyRestore(bj 1);
t heHol d. Accept (“My operation name 3");

t heHol d. Super Accept (“My operation grouped”) ;
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26.2. The RestoreObj class

Thisisthe class that where modifications to undo/redo the operation are stored. Here are the
main functions of thisclass:
voi d Restore(int isUndo);

voi d Redo();
TSTR Description();

Restore is called by the system to restore the scene when the user undo the operation, the
sceneisrestored in the same state as when the call to the Hold::Accept was made. The IsUndo
parameter is nonzero if Restore() isbeing called in response to the Undo command; otherwise
zero. If isUndo is nonzero, the devel oper needs to save whatever datathey need to allow the
user to redo the operation.

Redo : this method is called when the user selects the Redo command. The developer should
restore the database to the state prior to the last Undo command.

Description : isthe character string which appears in the user interface to identify the
operation.

Hereis an example of a subclass of RestoreOb.
This class named NodeSel Restore stores a modification of a BitArray which tells which nodes
of agraph are selected :

cl ass NodeSel Restore : public Restorebj
{

Bi t Array m UndoNodeSel Arr ay;
Bi t Array m RedoNodeSel Arr ay;
PosG aphQbj ect * m Obj ;

NodeSel Restore();

public:
NodeSel Rest or e( PosG aphCbj ect* _obj)
{
m Cbj = _obj;
m_UndoNodeSel Array. Set Si ze(m Obj - >NodeSel . Get Si ze()) ;
m_UndoNodeSel Array = m Obj - >NodeSel ;
b
voi d Restore(int isUndo)
{
if (isUndo)
m RedoNodeSel Array. Set Si ze(m Obj - >NodeSel . Get Si ze());
m_RedoNodeSel Array = m Obj - >NodeSel ;
}
m_Obj - >NodeSel . Set Si ze( m_UndoNodeSel Array. Get Si ze());
m_Obj - >NodeSel = m_UndoNodeSel Arr ay;
Get COREI nt er face() - >For ceConpl et eRedr aw() ;
}

/1 To be continued on next page
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voi d Redo()

{
m_Obj - >NodeSel . Set Si ze( m RedoNodeSel Array. Get Si ze()) ;
m_bj - >NodeSel = m _RedoNodeSel Array;
Get COREI nt er f ace() - >For ceConpl et eRedr aw() ;

}

void EndHol d() {}
TSTR Description() {return GetString(lDS_UNDO NODESEL); }
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27. Function publishing system

The Function Publishing System, is a system that allows plug-ins to publish their major
functions and operations in such away that code outside the plug-in can discover and make
enquiries about these functions and is thus able to call them though a common calling
mechanism.

The whole system is very similar to Window’s COM and OLE Automation systems and share
many similar concepts in the architecture.

However, the Function Publishing System is not based on COM and OLE but instead is a
custom architecture more suited and optimized for 3D Studio Max.

The Function Publishing API serves a number of purposes which allow 3 party developers to
open up important portions of their plug-ins for use by external sources, alowing for usersto
extend and control these directly. Some of the purposes of the API are:

- Modularizing plug-in code into various "engines" that are able to supply servicesto
other parts of 3ds max and other 3" party plug-ins and can be delivered to the user
through various different user-interfaces.

- Providing automatic scriptability by exposing the published functions directly to
MAXScript.

- Providing alternate means of invoking plug-in functions in the Ul, such as via the new
manipulator system, scripted menus, quad menus, hot keys, macroScripts, toolbar
buttons, etc.

- Allowing the MAXScript Macro Recorder to automatically generate calls to the
published functions, in the event that these are invoked by the expanded ParamM ap2
system or other Ul mechanisms such as hot keys or menu items.

- Facilitate automatic generation of COM interfaces and OLE Type Librariesin such a
way that externa COM clients can invoke the published functions in the plugin code.

What would a plug-in publish ?

The various kinds of functions published by a plug-in usually fall into the following
categories. Y ou can, however, publish anything you want.

- Important algorithmsin the plug-in, for example, the Edit Mesh modifier might
publish its face extrude and mesh attach functions, or the flex modifier its soft-body
dynamics algorithms. In these cases, the functions would be parameterized in the most
genera way, independent of any current scene state or Ul mode in 3D Studio Max, for
example, the face extrude might take a Mesh, a set of faces and a distance.

- Functions that enquire about or affect the state of one of the plug-in s objectsin the

scene. Usually, these are unnecessary if the plug-in stores its state as parametersin
ParamBlock?2s, which are already accessible externally, but in cases were thisis not
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done or certain kinds of state are not cleanly accessible viathe ParamBlock?2 system,
extra functions may be published by the plug-in. These usually take an instance of one
of the plug-ins objects as one of their parameters, and should be independent of any
Ul mode, for example, they should not require that the object being manipulated be
the current focus in the Command Panel.

- Ul action functions. These basically provide a programmatic way of "pressing”
buttons and keysin the Ul for a plugin and are specifically meant to be Ul modal.
They take no parameters, since these are defined by the current state in the Ul. For
example, the vertex delete action function for an Editable Mesh object would operate
on the current vertex selection for the current object in the Modify panel. Aswell as
being automatically exposed in the scripter like other published functions, Action
functions are automatically entered into the ActionTable system. It basically holds all
the commands and actions that may be bound to hotkeys or added to menus or put in
buttons on atoolbar using the Custom User Interface (CUI) system, so that by
publishing your action functions using the FnPub system, you are making them
automatically available for binding to hotkeys and placing in menus and tool bar
buttons. Action functions are treated specially in the FnPub system, and have extra
descriptor data for things like menu item text, tooltip text, enable predicates, etc.

27.1. The FP mechanism

The Function Publishing API consists of two main components, a function descriptor system
and a function calling mechanism. The function descriptor is pretty similar to the COM .idl
file (interface definition language) it is an instance of the class FPInterfaceDesc. The function
calling mechanism is pretty similar to the COM interface I Dispatch.

One or more interfaces are generated by your plug-in at your discretion. It can be useful to
group functions together in separated interfaces. All interfaces will inherit from the
FPInterface class.

Y ou can use these interfaces to call the functions or use the calling mechanism and call the
function using an ID and atable of parameters. Thisis similar to the IDispatch::Invoke
command.

Each interface is defined in aunique way by an Interface ID. It issimilar to the class ID.

And each function of the interface has a unique identifier called a FunctionID which is
basically the same idea than the BlockID and ParamID used in the ParamBlock?2 class.
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27.1.1. Interfaces organization

They are organized in 3 separated code sections.
- Thepublic interface set in a header file apart.
- Theinterface implementation and virtual functionsin a.cpp file.
- Theinterface descriptionin a.cpp file.

2 kinds of interface are available :FPStaticInterface and FPMixinInterface.

Thefirst is used for interfaces that can be seen as global static functions. That is that these
functions are not linked to a specific object.

The second interface category is used to publish part of al functions that are linked to a
specific object, so it won't work without having this object created.

Note :

If you choose to use the FPStaticlnterface, you will have to give its functions all parameters
necessary to perform their operation.

Example : for afunction that modifies a Mesh in some way, you will need to passavalid
Mesh pointer to the function.

If you had used the FPMixinInterface linked to a Mesh object, it could directly act on this
Mesh.

Example of published interface in aheader file:

/llnterface |ID
#def i ne BOOSTEDUNWRAP_| NTERFACE I nterface | D(0x47f 64915, 0x35f57490)

[IMxin interface
cl ass | BoostedUnwap : public FPM xinlnterface

{ .
publi c:
I/ function |Ds
enum { unwrap_edit, unw ap_deconnectuv, unw ap_resizetexture};
BEG N_FUNCTI ON_MAP
VFN _O( unwrap_edit , 1 PressEdit );
VFN_O( unwrap_deconnect uv , 1 Deconnect WV ;
VFN_1( unwrap_resizetexture , iResizeTexture, TYPE BOOL );
END_FUNCTI ON_MAP
FPI nt er f aceDesc* Get Desc();
virtual void iPressEdit (voi d) = 0;
virtual void iDeconnect UV (voi d) = 0;
virtual void iResizeTexture (BOOL resize) = 0;

i

Thisinterface is aFPMixinlnterface because it is implemented inside a Modifier.
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In the previous example, you can see that the definition of the interfaceis set in ablock
beginning with the macros BEGIN_FUNCTION_MAP and ended by
END_FUNCTION_MAP. Thisiswhereis the description of our published function.

VFEN_O meansthisisafunction that returns void and takes O parameters
VFN_1 meansthisisafunction that returns void and takes 1 parameters, the parameter is of

type BOOL.

And we have the interface description and the 3 pure virtual function to implement in our

class.

So hereiswhat we define in our modifier from this FP interface :

cl ass UnwapMbd : public Mdifier, public |BoostedUnw ap

{

Etc ...

}

publi c:

/1 From Cl ass | Boost edUnwr ap
virtual void iPressEdit (void);
virtual void iDeconnect W (voi d);

virtual void i ResizeTexture (BOOL resize);

/1 Function Publishing method (Mxin Interface)
Basel nterface* Getlnterface(lnterface_ID id)

if (id == BOOSTEDUNWRAP_| NTERFACE)
return (1 BoostedUnw ap*)this;
el se
return FPM xi nl nterface:: Getlnterface(id);

We define the virtual function in our interface as well as the virtual function Getinterface by
specifying which interface we can get from our modifier.

Thisis because you can use Animatable::GetInterface to retrieve a specific interface on a
particular object.
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And findly, in a.cpp file from our modifier project stands our interface description :

/1 Function Publishing descriptor for Mxin interface

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

static FPInterfaceDesc boostedunw ap_interface

BOOSTEDUNWRAP_| NTERFACE, _T("I nternal Boost edUnw ap"), 0, &unwrapDesc,
FP_M XI N,
| Boost edUnwr ap: : unwap_edit, T("Edit"), 0, TYPE VAOD, 0, 1,
_T("object"), 0, TYPE_REFTARG

| Boost edUnwr ap: : unwr ap_deconnectuv, _T("DeconnectUW/'), 0, TYPE VA D,
0, 1, _T("object"), 0, TYPE_REFTARG

| Boost edUnwr ap: : unwr ap_resi zetexture, _T("ResizeTexture"), O,
TYPE_VO D, 0, 1, _T("object"), 0, TYPE_REFTARG

end

)

/1 Get Descriptor method for Mxin Interface

// kkkkkhkkhkkhkhkhkkkkhkkhkhkhkhkhkkkhkhkhkhkikhkhkkkkkhkkhkikikhkkkkk*
FPI nt erf aceDesc* | Boost edUnwr ap: : Get Desc()

return &boostedunw ap_interface;

}
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28. Additional resources

- Articleson Gamasutra:
0 « Choosing Between Utility and Modifier Plug-Ins
for 3D Studio Max » by David Lanier.
http://www.gamasutra.com/features/20000614/lanier 01.htm

0 "From Direct3D to 3D Studio Max" by Loic Baumann
http://www.gamasutra.com/features/19980320/baumann_01.htm

0 “Whered It Go? It Was Just Here!
Managing Assets for the Next Age of Real-Time Strategy Games” by Herb
Marsdlas : http://www.gamasutra.com/features/20010221/marselas pfv.htm

- Web dites:
0 ADN Sparks, the program for Autodesk developers:
http://www.autodesk.com/adnsparks

0 SARL David Lanier 3D : http://www.dl3d.com for tools developers forums

0 Resources about 3D Studio Max programming on SARL David Lanier 3D
forums : http://dl3d.free.fr/phpBB2/viewtopic.php?=436 (alot more online...)
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