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Advances in Cross-Platform Shader Authoring
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As GPU’s and rendering algorithms become more powerful
It becomes increasingly more difficult and more costly to:

e create and maintain shader assets with currently
available shading languages

e share shader assets between different media/content
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mental mill and its underlying MetaSL shading language
provide the solution to this problem with:

« Visual shader creation and programming SDK
« High-level shader representation

Based on the object-oriented programming paradigm,
together mental mill and MetaSL provide mechanisms for:

» Abstraction
- Modularity
e Encapsulation
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Abstraction: MetaSL
- General purpose, high-level shading language

a7
L1 woid maini)
a9 [
50 /{ Bample the haight and center on 0.0 (scaled down too)
51 Scalar b = texiD(height tex, texture coordinate[l].xy) .m:
32 h = h*amcunt - amount*0.5;
53
4 £ Tha wisw direction in tangent spacae.
55 Vectord wtan = tangent_space[D] *direction:
56
57 ff parturb the vertex coords. Move thes taMturs torward tha ays whan
58 f{ the height is negative and away whem positive
9 Vecterd uy = texture_ccordinate(l) . xy:
&0 av.x == vian.x'h;
B (31 Wy == wran.prh;
! b &2
u &3 ff get the normal from the mnormal map
E4 ¥eotord m = (temdD(norm_tex, iﬂ-‘lﬂ S FUBLE- AP
(4]
.11 ff tranaform the normal out of tamgent spacs and re-normalize
m L] 67 aoraal = pormalice (A*tangent_spaca[0]):
= &8
D = &9 J/f diffuss and spocular results from lighting
— ] 0 Color diffuse = Color{0.0.0,0);
E 71 Coler specular = Color{0.0,0,0):
72
: 3 73 1/ iterate over scens lights
_ i1 Light_itezatsr light;
3 75 foreach (light)
=] T8 i
E Lk Vactord vhalf = normalime(light.direction - direction):
N = 1] Veotord illum = illumination(
L £ light.dot_nl, dotincrmal, vhalf), specular_shininess);
(=] a0 diffuse #= illas.y * light.centribution;
2 Bl specular #= illum.rx * light.contribution * specular_color:
- | a3 I
> E 83
[
l T < NVIDIA.
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Abstraction: MetaSL

« General purpose, high-level shading language

e Provides language mechanisms that:

- allow the same MetaSL shader to be used:
- on different hardware platforms (CPU/GPU)
e in different contexts (film, games, graphics...)
- with different rendering algorithms

- take advantage of advancements in:

e GPU’s
e rendering algorithms
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Abstraction: mental mill
« Visual shader creation/programming environment

e Provides the ability to create shader graphs rather
than specify low-level programming details that
encourage artists to experiment without:

« specifying implementation details
e depending on programmers
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Abstraction: mental mill
- Visual shader creation/programming environment
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Modularity: mental mill
« Visual shader creation/programming environment

e Provides atomic nodes of MetaSL code that can be
combined in a shader graph that allows the artist to
build complex shader effects from:

 other shaders
« functions
- state modifiers
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Shader graph of atomic MetaSL nodes
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Encapsulation: mental mill
« Visual shader creation/programming environment

- Provides Phenomena" to enclose a shader graph into
a single shader to:

« simplify parameter lists
e protect a developed look
e reuse in creating complex shader graphs
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Encapsulation: mental mill

Shiny plastic 2 m|
[ [ diffuse color __ [fef

o
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mental mill

- Platform independent shader development library
that provides tools to:

e parse MetaSL into an Abstract Syntax Tree (AST)

- write back-end translators/compilers

e create a graphical user interface
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mental mill

e The shader development library comprises:
Ul components:
« Shader graph and Phenomenon editor
- Shader parameter editor
- MetaSL editor and debugger
e Shader library browser
e Translator/compiler components:
e Shader graph
e Phenomenon
-« MetaSL
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MetaSL

= Abstract shader representation:
e Similar to C++
- Familiar shader types:
e Displacement
e Surface
e Light
e Volume
e Environment
e Lens
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MetaSL

= Abstract shader representation:

e Shader class

e Input and output parameters

e Main method and other shader methods

e Shader state variables and functions

shader My_shader
My shader 1 0o {

input:
Color color(1,1,1,1);

output:
Color result;

void main()

Vector3 n = transform_normal(
color "internal”, "camera”, normal);
result = color * saturate(n.z);

}

images®
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MetaSL Code | OEM Application/mental mill GUI
MetaSL, Phen, and Graph Compilers
Back-end Plug-in Interface
Intermediate languages Cg HLSL GLSL C++ (mental ray) Other
Native Compilers

Rendering

mental mill data flow overview

< NVIDIA.
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mental mill
« Visual shader creation/programming environment
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Phong shader in MetaSL render

Illumination phong 1
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Debugger “get info’
]

Illumination phong 1

SLm

r: 0.0092 g: 0.0089 b: 00075 a: 1.0000
| luminosity: g.opas _I

range:l 0.0000 | 1.0000

| outofrange: clamp € highlight €
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Illumination phong 1

surfaces with glossy properties, such as plastics and tiles,

< NVIDIA.

#] Diffuse Color | e T L
Diffuse Scalar | 2| ¢ coyrignt 1986-2008 by mental images Gabd, Fasamenstr. 81, D-10623 Barlin,
3| »
Pl l ' I I l Specular Color  J§  ,f . S —
O g S ad e r Specular g_'ﬁ'_'r_l 5| dimport <mi_msl_shased msl>
Specular niness &
s normal 1 : :nuc Illumination_phong
9| inpue:
M etaS L Cod e 10 Celar diffuse eceler = Coler(l.1.1,1)
11 1
1z display_name {“Tiffuse Golor®): e
13 hard_sange (Colex(0,0,0,0) Codertd,2,1,3))
14 deseription{ "The celsr used to tint the Diffuss Reflectance Celss.” |: diffuse [+
15§ specular_|s
16| Scelar diffuse_scalar = 0.7
17 i 1m—
18 display_name(“Diffuse Sealar®): Lo
19 hard_range(Scalse (0] Sealaz (1)) : diffuse_color
20 description{ "The intsnsity of the light diffusely reflected from * specular_shininess
:; . “this surface.® }; _s%lﬁ._
23| Color mspecular_color = €oleril,1,1,1) diffuse_scalar
24| 0 specular_scalar
a8 display_name("Specular Color<): sum
26 hard_rangs (Color(0,0,0,00 Celor(l,1,1,1)) ¢ ~specular eolor
7 description{ "The coler used to tint the Spaculsr Reflectance " Dhivnnilolal? |
28 ~coloE.” ): diraction
| s normal
30| Scalar spscular_scalar = 0.0
nl g
n display_nams(“ipscular Scalas®);
33 hard_range(Scalar (0)  Sealar (1)) :
1 dsscription{ "Ths intsmsity of ths spscular light reflsctions from *
35 “this surface.” }:
| s
37
38| Scalar spacular_shinissss = 15.0
wl
a display_nama(“Spscular Shininess”];
a1 sofe_rangs (Scalar (0), Sealae (1000)
“_ a2 deseripeisn{ "The wideh of specular highlights scrsss the *
LE] “eurface.” |
wl
as
46| surpar:
47| color sum:
m o | cotor dittuse;
= 9| Color specslar:
—4 50
D - 51| void main()
= E
0o 33| diffuss wgeler(e0.0.8:
: 54 specular = Coles(0,0,0,08)
55
(= ] 56 Color R = diffuse_color * diffuse_scalar:
o . Color Rs = specular_color * spscular_scalar;
58
- 58 /1 normalize components
e 60 Color teap = Rd + Ra;
: &1 Scalsr mawc = max (max(teap.r. temp.g) . temp.b)
wy 82 AF (mamesl.0) |
— 63 Rd /= mamc;
L1 = : R = maxc:
)
[ o
(=] 6 Vectord wdir = directiecn:
(=]
N
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Illumination phong 1 a0

g g::m g‘:r = diffuse_color * diffuse_scalar; T

Ph O n g S h ad e r | Specular Color = specular_color * specular_scalar; specular [e
niness lemp

H lize components e

Color temp = Rd + Rs;
debug mode f:a:l‘.:;:n:;:coT Tnx{mx{t-mp.r,nnp.g] ,temp.b) ;
Rd /= maxc;
evaluate RS ;
Rs

Vector3 wdir = direction; maxe

// enumerate lights

Light_iterator light;

foreach (light)

{

Scalar cos = saturate(light.dot_nl);
if (cos > 0.0) {

diffuse += (cos / PI) * light.contributiecn; 1‘3-‘;;;:::—”'”—

specular_shininess

Scalar s = mi_phong_specular (light.direction,
wdir, normal, specular_ shininess);
specular += (s * cos) * light.contributien:
}
}

diffuse *= Rd; spacular
specular *= Rs; diffuse_scalar

Specular_scalar
sum
f// irradiance term specular_color

Irradiance options irradiance options; direction

= = . [ normal |
irradiance_options.set_importance (diffuse_ scalar); farma
diffuse += Rd/PI * irradiance(irradiance_options);

diffuse.a = 1.0;
specular.a = 1.0;
sum = diffuse + specular;

< NVIDIA.
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Phong shader

debug mode
evaluate specular

images®

Illumination phong 1 o0
o] Diffuse Caolor = Al * A . sSum

Diffuse Scalar k diffuse_color diffuse_scalar; diffuse |e

Specular Color = specular_color * specular_scalar; specular [e

Color temp = Rd + Rs;

Scalar maxc = max (max(temp.r,temp.g),temp.b);
if (maxe>1.0) {

Rd /= maxe;

Rs /= maxc;

}
Vector3 wdir = direction;

// enumerate lights
Light_iterator light;
foreach (light)
{
Scalar cos = saturate(light.dot_nl);
if (cos > 0.0) {
diffuse += (cos / PI) * light.contributiecn;

Scalar s = mi_phong_specular (light.direction,
vdir, normal, specular shininess):

}
}

diffuse *= Rd;
specular *= Rs;

f// irradiance term

Irradiance_options irradiance_options;
irradiance_options.set_importance (diffuse_scalar);
diffuse += Rd/PI * irradiance(irradiance_options);

diffuse.a = 1.0;
specular.a = 1.0;
sum = diffuse + specular;

diffuse
diffusa_color

specular_shininess

specular
diffuse_scalar
specular_scalar

specular_color

direction

normal

< NVIDIA.
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Illumination phong 1 oo
o] Diifuse Color | = * . sum
[ Diffuse Scalar diffuse_ color * diffuse scalar; S ts

spacular |s

3 ::r’ﬂ:” lize components

Ph O n S h ad e r Semde Color_ = specular_coler * specular_scalar;
: et

T emp = Rd + Rs;

Scal = { (temp.r, t .g) ,temp.b) ;
debug mode Sorine masc = mak ok (tanp. £, np.

Rd /= maxc;

evaluate specular*RS 2a /o maxc;

Vector3 vdir = direction;

// enumerate lights
Light_iterator light;
foreach (light)
{
Scalar cos = saturate(light.dot_nl);
if (cos > 0.0) {
diffuse += (cos / PI) * light.contributien;

Scalar s = mi_phong_specular (light.direction,
vdir, normal, specular_shininess);
spacular += (s * cos) * light.contribution;
}
}

diffuse *= Rd;
// irradiance term

Irradiance options irradiance_options;
irradiance_options.set_importance(diffuse_scalar);

+ light
temp
BT E—
wdir
Rs
maxc
diffuse

diffuse_coler

specular_shininess

specular
diffuse_scalar
specular_scalar

sum

specular_color
rection

diffuse += RA/PI * irradiance(irradiance_options);

diffuse.a = 1.0;
spacular.a = 1.0;
sum = diffuse + specular;

normal

< NVIDIA.
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Add a texture to the Phong shader

E
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mental ray preview renderer plug-in

© 2008 NVIDIA Corporation.
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Add a reflection to the Phong shader
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Create a Phenomenon

{128
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Shiny Plastic Phenomenon

Shiny plastic 2 m|
[ [ diffuse color __ [fef

o
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Shiny Plastic Phenomenon in shader graph

Texture lookup 2d 100

N

MNormals make normal 1 oo
result o

ol ait
Texture lookup 2d 2000

| Colo
_
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Debugger “‘get info’

Texture loockup 2d 100

Texture lookup 2d 2000 Normals make normal 1

1| Color
range 0005 | [ 10000
outof range: O camp @ repest
source space:|world [
wector bype:|directional -

vector size: —J;

THE WORLD OF VISUAL COMPUTING
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Debugger “‘get info’

Texture lookup 2d 2010 Normals make normal 1

=1 0L5617 y: -0.5158z: 0.6462
lenath: 10000 _|

i8] Colo
preview image:|color ;I
-1.0000 ILUWU

© 2008 NVIDIA Corporation.
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Generator_water shader

Generator_water_3

| noise_kexkure IunFiItered_nu:uise_nn:lrmaI.u:In:Is |
| sea_height_tesxture Isea_ﬂnnr_height.dds |
. |sea_floor_kexture Isea_ﬂnnr.dds |
| Water Color

I 4 il # || 055532
' 4 tior| P | | 0.55558
i '1 tress F 0,36

| Primarsy n:u:uIn:lr

| IGreen,l'EiIue J

Depth Scale 1| [ 2 | I 0.3

i lll Wave Speed 1| }”I:I.IIIE
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Flood shader - using Generator_water

[T e e T T T
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The problem of writing a new shader asset for:

» every platform

 different contexts

- rapidly advancing hardware

 evolving rendering algorithms

Is solved with the abstract, high-level shading language

MetaSL and mental mill’s library of tools that create and
translate shaders to all platforms.
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|

mental mill

 Artist Edition:
e Bundled with FX Composer 2.5
- Without MetaSL editing and debugging

- Standard Edition:
e Integrated shader editing and debugging tools
e Back-end plug-ins for 3ds Max, Maya,XSI, Catia,
SolidWorks, mental ray, C++, and FX Composer

e Integrator Edition:
 Component libraries for integration into:

« Design and DCC applications

e shader pipelines

- Sample code
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demonstration of mental mill workflow
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