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Introduction— Contents of mental mill

Introduction

mental mill€ is an innovative new approach to shader creation which allows users to concentrate their
efforts on realizing imagined images. It supports:

Creation of shaders without programming
Graphical shader debugging and optimization
Repurposing and reuse of shaders

Artists and programmers who write shaders for video games, visual effects, feature animation, design
visualization, etc., face many more challenges than the creative aspects of producing them. Shading
languages tend to be technical, and the resulting shader code difficult to analyze. Moreover, shaders
typically depend on a particular shading language and platform, which means that work cannot be used in
other contexts. These factors not only limit productivity, but also the settings in which the results can be
used. mental mill is the solution to these problems.

The foundation of mental mill is the MetaSL™ shading language, a simple yet expressive language which
acts as a hub of shader generation. The MetaSL compiler that is part of mental mill has a plug-in front-end
for parsers of other languages and a plug-in back-end to support any target platform. The extensibility
of the compiler means that shaders are protected against other languages becoming obsolete and also that
shaders can be reused in a variety of settings.

mental mill not only allows users to write shaders which transfer easily, but also encourages the creation of
compact components called Metanodes™ , which can be combined into shader networks and Phenomena™
to create more complicated, visually interesting shaders. The mental mill Graphical User Interface (GUI)
provides a visual representation of these shader networks for easy and intuitive manipulation. In fact,
the GUI eliminates the need to work directly with code. Shader writers can use it to create, debug and
optimize shaders.

Contents of mental mill

mental mill is available in two forms. The mental mill Application demonstrates mental mill capabilities
and provides standalone operation of the mental mill technology, while the mental mill Libraries support
integration of mental mill into third party applications. The libraries can be used to customize the look
and feel of the GUI, such as the appearance of elements and their behaviors, and to expose mental mill
capabilities appropriate for the application. A summary of the mental mill Libraries is shown below.

mental mill Libraries

mental mill GUI library mental mill Compiler library
Phenomenon and
Phenomeljon Graph Metanode Library
Editor
Browser
MetaSL Language Phenomenon Shader
Compiler Graph Compiler
Code Editor Shader Render
and IDE Parameter Preview
Editor Window
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Introduction— Contents of mental mill

Since the libraries are comprised of components, an integration need only use the portions of mental mill
that apply. The mental mill Libraries are divided into the GUI Library, which allows Phenomena to be
depicted and manipulated in a customized fashion, and the Compiler Library, which can be used to compile
MetaSL shaders targeted at one or more platforms simultaneously. The Compiler Library also supports
compilation of shader graphs comprised of small shader nodes into flat, monolithic shaders, which reduces
shader-to-shader call overhead to a negligible level.

The following diagram illustrates the flow of data through mental mill. The Phenomenon graph editor
facilitates the creation and editing of MetaSL code and Phenomenon descriptions, which are archived in a
Phenomenon and Metanode library. The MetaSL code and Phenomenon descriptions are given as input
to the MetaSL compiler, which compiles them into shaders in various intermediate languages. The native
compilers for the target platforms compile the intermediate language into machine language which is used
to render on those platforms.

Phenomenon and Metanode library

T MetaSL code and
¢ Phenomenon descriptions
mental mill

Phenomenon Graph Editor

‘ MetaSL code and
¢ Phenomenon descriptions

mental mill
MetaSL and Phenomenon Compiler

Intermediate language
CgFX, HLSL FX, GLSL, Cell SPU,

C++, and future languages
v v v v ¢|

Native Compilers

oL
v v v v v

| Rendering |

Machine language

The mental mill Application and mental mill Libraries are described in more detail later in this document.
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Introduction— Solutions presented by mental mill

MetaSL: The foundation of mental mill
The MetaSL shading language offers advantages such as:

Compact and highly readable syntax
Unification of all shading languages, present and future, in one meta language
Platform independence

These advantages save development time, protect against loss due to obsolescence of shading languages,
and allow shader results to be used on different types of platforms.

MetaSL offers built-in data types, a standard set of math functions and operations, familiar programming
constructs, a mechanism for expressing shader results as a series of components instead of a single color
value, and support for Bidirectional Reflectance Distribution Functions (BRDFs). In addition, MetaSL
provides swizzling, which can re-order and duplicate components of a vector while reading or writing it.
MetaSL also supports techniques, which are a variation of shader implementation that is used when it is
desirable to execute different code in hardware and software contexts.

MetaSL is divided into three levels, each of which offers a different amount of expressiveness and suitability
for different rendering algorithms. Level 1, the most general subset of MetaSL, can easily be targeted to
a wide variety of platforms, including hardware. Level 2 is a superset of Level 1 and is more suitable for
software rendering algorithms, such as ray tracing and global illumination, and for rendering on a blend
of software and hardware. Level 3, the most expressive level, is a combination of the C++ language and
some of the syntatic features of the other two levels. Level 3 shaders can execute in software rendering
only. The figure below shows the relationship among the levels.

MetaSL MetaSL * MetaSL
Level 1 Level 2 : Level3

Solutions presented by mental mill

The technology developed in mental mill provides a complete solution set to the difficulties that shader
writers face when programming, debugging and optimizing shaders, and also lifts limitations placed on
how their shaders can be used.
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Introduction— Connections of mental mill to mental ray and RealityServer

Creation of shaders without programming

The mental mill GUI provides a method to construct shaders that does not necessarily involve
programming. Artists can control the shader creation process visually, programmers can use mental mill’s
development environment to create custom Metanode building blocks, and technical directors can create
complex custom shaders from the building blocks and package the results into Phenomena. The mental
mill GUI and development environment are flexible, support users of widely ranging technical and artistic
expertise, and give users extensive control over the shader creation process.

Graphical shader debugging and optimization

The ability to analyze shader flaws, determine causes and find solutions is critical to the shader development
process. mental mill shader creators can debug shaders with a high level visual technique. The mental mill
Application was developed in part to demonstrate the shader debugging system. It uses the same mental
mill Libraries that integrators can use to build the debugger into applications.

Since shaders are so often critical to rendering performance, optimizing them takes on special importance.
Profiling in mental mill will provide analysis at a fine granularity to isolate expensive computations. The
user will be able to see performance in an intuitive graphical representation at the statement and Metanode
levels.

Repurposing and reuse of shaders

Repurposing and reuse of shaders not only give shader writers more options, but also help to preserve
creative work for other settings.

The platform independence of MetaSL means that a shader can be used in a variety of ways, including
offline in software or real-time in hardware. Shaders can also be used in different artistic contexts. For
instance, video games are sometimes developed using licensed content from successful films, or conversely,
feature films are developed on successful video games. While it is an advantage to use the same art assets
for both, until now it has been a challenge to do so because films are made using an entirely different
rendering algorithm than the associated video games. mental mill overcomes this obstacle by allowing the
same MetaSL shaders to be used in both contexts.

Independence from shading languages means that if a shading language becomes obsolete, work done to
develop shaders is not lost. Also, since mental mill encourages a process to construct complex shaders by
using simple components to build shader graphs, work is generally stored in compact Metanodes which
can be reused in other shaders. Even entire sub-trees of a shader graph can be built into a Phenomenon
and packaged as a single node for reuse.

Connections of mental mill to mental ray and RealityServer

mental ray* version 3.6 and higher will access some components of mental mill in order to facilitate
rendering. However, the complete technology of mental mill will continue to be licensed separately. The
next-generation renderers that are part of RealityServer€ will be based on MetaSL and monolithic C++
shaders. The MetaSL compiler contained in mental mill generates executable C++ and hardware shader
code from MetaSL shaders and Phenomena that RealityServer will be able to use.
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mental mill Librariesb Graphical UserInterface (GUI) Library

mental mill Application

The mentalmill Application is astandaloneway to usethe technology of mentalmill. It demonstrateshow
shadercreation, debuggingand optimization canbe done visually and utilizes the sameGUI components
availablein the mental mill Libraries for customization and integration into other applications. A sample
screenshotof the mental mill Application is shown below.

mental mill Libraries

The mental mill Libraries consistof the GUI Library and the Compiler Library. Eachis divided into
componentsfor “exibility .

Graphical UserInterface(GUI) Library

The mentalmill GUI Library providesanintuitive, easy-to-useinterfacefor building sophisticatedshader
graphsand Phenomena.As userswrite MetaSL code,the codeis compiled andthe result seenimmediately
in the shadergraphand preview windows. Userscanstepthrough MetaSL codeusinganinteractive,visual
debuggerto inspectthe valuesof variables.Using the GUI, shadercreatorscanseethe numerical value of
avariable at a speci®edpixel location or multiple numerical valuesof the variable over the surfaceof an
object. Customization of the following is supported:

Shadergraph appearancefor matchingthe style of the application

Mouse-point hit testing via a callbackfunction, in casenode elementsarein different locations
Remappingof any keyboard command

Control of mousebehavior, suchasmapping of mousebuttons

Choice of omission or inclusion of eachtoolbar item

Independentview windows, in any combination, which canreplaceapplication windows

Copyright C 2007 mental images mental mill CFunctional Owerview, doc. 1.12 5



