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Learning to write mental ray shaders

1. Shaders and the structure of mental ray
2. Strategy of the new shader book

3. Cross-referencing in the shader book

4. Website support for the book’s software
5. The CDROM included with the book
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Shaders and the structure of mental ray

The mental ray renderer Is a software library
that Is embedded in different interface
applications.
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application mental ray
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application scene file

'

—r standalone
application mental ray
mental ray
application mental ray custom

shaders base shaders shaders




application scene file

'

application ~ —>| .miscene file standalone
mental ray

| i

mental ray
application mental ray custom
shaders base shaders shaders




Xsi scene file

XSl —>| .mi scene file AN RIE
mental ray

mental ray
sibase.so(.dll) mental ray custom
shaders base shaders shaders




.3ds scene file

3ds max —> .mi scene file standalone
mental ray

mental ray
3dsmax*.dll mental ray custom
shaders base shaders shaders




.ma’/.mb scene file

Maya —>[ .mi scene file ]—> standa one
mental ray

mental ray
mayabase.so(.dll) mental ray custom
shaders base shaders shaders




hip scene file

'

Houdini —>| .mi scene file FtAncalone
mental ray

mental ray
Houdini mental ray custom
shaders base shaders shaders




Shaders and the structure of mental ray

Scene data in mental ray Is implemented as a
database.




application scene file

'

application ~ —>| .miscene file standalone
mental ray

| i

mental ray
application mental ray custom
shaders base shaders shaders




application scene file

'

application ~ —>| .miscene file standalone
mental ray

| |

mental ray
application mental ray custom
shaders base shaders shaders




mental ray

scene processing and rendering

T

scene database

shaders




mental ray

scene processing and rendering

T

scene database

options ‘ camera light texture material

instance

shaders




Shaders and the structure of mental ray

Shaders are represented as elements in the
scene database that can modify the
behavior of many phases of the rendering
pipeline.
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scene database

options

camera

state

output

contour store

volume

light

light

texture

material

instance

texture

material

geometry

emitter

contour contrast

environment

inheritance

lens

contour output

displace

shadow

volume

environment

contour

photon

photonvol

lightmap




Specular Diffuse
Light

O Light

Refraction | _—& Reflection

Caustics Caustics Indirect

Diffuse



focus plane

: focus point

blur_radiusl

Y

focus plane distance



options "opt"
object space
contrast .1
samples -1 2
‘frame buffer 0 "+rgba"k”

‘frame buffer 1 "+rgba"FhH

end options

w1l <1 A

1. Create frame buffers in memory

2. Get and put frame buffer pixels

[\

Memory

framebuffer o

miBoolean shader( ... )

{

miColor a, b, c,

framebuffer 1

/[ SNSCANN

/ /\\\\

//Ami_fb_put{state, 0, &a)d
|mi_fb_get{state, 0, &b);
//;Hd fb put(state, 1, &c}d
%ml fb_get(state, 1, &d);|
camera "cam"
output: "fb0" "tif"
"buffer 0.tif"
~Ny|output "fbl" "tif"
"buffer 1.tif"
output "rgba" "tif"

"standard rgba.tif"

end camera

3. Write frame buffers to file
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Strategy of the new shader book

Beginning shader programmers needed a
tutorial to complement the mental ray
reference handbooks.
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Strategy of the new shader book

The order of shader presentation in the new
book Is based on how we see, not on how
the underlying software Is organized.
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Scene

Named shader

Named shader

Material

Shader

Shader name

Shader name

i
<

Scene file

shader "shader depth"
"depth fade" (
"near” 10;
"far" -10

shader "shader front"
"front bright" (
“tint" 1.05 1.05 1.05

)

material "front depth"

"scaled color" (

"base color" = |"shader front"

"scale factor" = |"shader depth"

)

end material

Grririnan




Result type

Interface parameters

Shader definition

Shader definition

Root shader

Primary root statement

Phenomenon name

ﬁ-

declare phenomenon l

color||"front depth"| (

color
»|scalar

Fltintll ;

" nearll r
" far n

scalar

)

shader "front"
"front bright" (

"tint" = interface "tint"

)

shader "depth"

"depth fade" (
"near" = interface "near",
"far" = interface "far"

)

shader "combine"”

"scaled color" (
"base color"” = "front",
"scale factor"™ = "depth"

)

—}|root = "combine"

end

declare




1. Shader name

2. Return type —

Ea

A J

miBoolean||lone color| ( miColor *result|,<

miState *state

3. Result

rw

struct one color *params| )€—
6. Parameter {
' . —t———>miColor *color = mi eval color(&params->color);
evaluation = =
result->r = color->r;
7. Result _|result->g = color->g;
computation “|result->b = color->b;
result->a = color->a;

8. Status return =

— return mMiTRUE;

4. State
— 5. Parameters
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Cross-referencing in the shader book

Marginal references point to the first two
books.
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Anatomy of 2

Pro;

Rend 272, 11.1. Declarations

Shader
nn and Linking

6. Commanids

16 2 The structure of the scene

instance "main-camera”

"camera"
transform
0o 00
0 1 00
0 0 1 0
0 0-9% 1

end instance

Figure 2.11: A camera instance with an alternate text format

If you are writing an application that generates .mi scene files directly, you are free to format the
scene file text in the manner that best expresses the structure implied by the application.

2.6 Grouping the elements in the scene

We’'ve only defined a single instance, but there can be any number in the scene file. Instances
can be organized into hierarchies of any complexity using instance groups. Before we begin to
render the scene, we will need to specify the top-level group that will contain all the instances to
be rendered. In our simple scene, we’ve only instanced a square, so the top-level instance group
will only contain the square and camera instances. Defining the instgroup block follows the
common pattern: a reserved word (instgroup), the name for the block, additional information
appropriate for the type of block, and the final end statement.

instgroup "root”
"main-camera" "yellow-sguare"
end imnstgroup

Figure 2.12: The root instance group for scene containing the elements to be used in rendering

To construct an object hierarchy, an instgroup block can contain other instance groups as well
as other objects. In modeling applications, a hierarchy is often a natural way to represent large
structures, and this organization in the application can be represented in the scene database with
the instgroup element.

2.7 Scene file commands

All the previous examples showed the various elements that can be contained in the scene file.
The scene file can also contain commands that do not define elements but tell mental ray to
perform an action at the point in the scene file where the command occurs.

For example, to use a shader in a scene file we need to do two things:
1. Load the compiled shader into memory when rendering begins; and

2. Declare the data types of the shader and its parameters so that its use later in the scene file
can be correctly parsed.

In the scene file, shader loading and declaration are usually done using the 1ink and $include
commands, respectively. For example, to use the one_color shader in our simple scene, these
commands are included at the beginning of the file:
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To construct an object hierarchy, an instgroup block can contain other instance groups as well
as other objects. In modeling applications, a hierarchy is often a natural way to represent large
structures, and this organization in the application can be represented in the scene database with
the instgroup element.

2.7 Scene file commands

All the previous examples showed the various elements that can be contained in the scene file.
The scene file can also contain commands that do not define elements but tell mental ray to
perform an action at the point in the scene file where the command occurs.

For example, to use a shader in a scene file we need to do two things:
1. Load the compiled shader into memory when rendering begins; and

2. Declare the data types of the shader and its parameters so that its use later in the scene file
can be correctly parsed.

In the scene file, shader loading and declaration are usually done using the link and $include
commands, respectively. For example, to use the one_color shader in our simple scene, these
commands are included at the beginning of the file:
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Cross-referencing in the shader book

An Index of topics In the first two books point
to references in the new book.
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Throughout this book, marginal references to the first two volumes of mental ray documenta-
tion, Volume I: Rendering with mental ray and Volume II: Programming mental ray point to
further information about the current topic. This index lists the pages in this book that discuss
the topics of Volumes I and I, sorted by section title.
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Shader code examples in the text point to the
full source code listing In Appendix B.
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188 14 Reflection

struct glossy reflection {
miscalar shi

}:

micolor *result, mistate *state, struct glossy reflection *params )

{

L
2
3
4
5 miBoolean glossy reflection (
6
E
8

mivector reflection dir;

9 miScalar s ¥ = *mi eval scalar(&params->shiny):
10 mi_reflection dir glossy(&reflection dir, state, shiny);
11
12 if (!mi_trace reflection(result, state, &reflection dir))
13 mi_trace enviromment(result, state, &reflection_dir);
14
15 return miTRUE;
16 3}

Figure 14.11: Shader source of glossy_reflection (p.513)

Once we've acquired the value of parameter shiny in line 9, the structurc of main part of the
shader in lines 10-13 is the same as specular reflection. In line 10 we determine the glossy
reflection direction. Or rather, we should say that we determine one possible glossy dircction.
The dircction values determined by mi_raflection dir_glossy arc chosen somewhere within
the cone determined by the shiny parameter. That “somewhere” is important; mental ray
determines successive values of the glossy direction so that the rays arc well distributed within
the cone. (We'll talk more about this in the next section.)

As in the specular_reflaction shader, if the reflected ray did not strike another object or the
trace dcpt]‘l would be exceeded, we use the color of the environment in line 13 for the result of
our shader.

options "opt"
object space
samples 0 2
contrast .1 .1 .1
trace depth 5
end options

material ~"reflec
"glossy reflection” (
nshiny" 3 )
end material

Figure 14.12: Glossy reflection

A single ray sent for cach glossy reflection produces the grainy look in Figure 14.12. Our
contrast valuc in the options block is .1 .1 .1. Will increasing the quality of the render by
lowering the contrast valuc help with grainy look of our glossy reflection? We'll set the contrast
to .01 .01 .01 to find out.
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1 struct glossy reflection {
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8 miVector reflection dir;
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513

specular reflection

Page 184

declare shader
color "specular_reflection" ()
version 1
apply material

end declare

#include “shader.h"
int specular_reflection_version(void) { returm 1; }
miBoolean specular_reflection (
miColor #result, miState +state, void sparams )
{
miVector reflaction_directiom;
mi_reflection_dir(kreflection_direction, statel};

if (!mi_trace_reflection(result, state, &reflection_directiom))
mi_trace_environment(result, state, &reflection_direction);

roturn miTRUE;

glossy reflection

Page 188

declare shader
color "glossy_reflectiom” (
scalar "shiny" default 5 )
version 1
apply material
end declare

#include "shader.h"

struct glossy_reflection {
miScalar shiny;

};

int glossy_reflection_version{void} { return 1; }

miBoolean glossy_reflection (
miColor sresult, miState +state, struct glossy_reflection +params
£
miVector reflection_dir;
miScalar shiny = =mi_eval_ scalar (kparams->shiny);
mi_reflection dir glossy(&reflection_dir, state, shiny);

if (!mi_trace_reflaction(result, state, &reflectiom_dir))
mi_trace_environment(result, state, &reflection_dir);

return miTRUE;

}
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declare shader
color "specular_reflection" ()
version 1
apply material

end declare

#include “shader.h"
int specular_reflection_version(void) { returm 1; }
miBoolean specular_reflection (
miColor #result, miState +state, void sparams )
{
miVector reflaction_directiom;
mi_reflection_dir(kreflection_direction, statel};

if (!mi_trace_reflection(result, state, &reflection_directiom))
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roturn miTRUE;

glossy reflection

Page 188

declare shader
color "glossy_reflectiom” (
scalar "shiny" default 5 )
version 1
apply material
end declare

#include "shader.h"

struct glossy_reflection {
miScalar shiny;

};

int glossy_reflection_version{void} { return 1; }

miBoolean glossy_reflection (
miColor sresult, miState +state, struct glossy_reflection +params
£
miVector reflection_dir;
miScalar shiny = =mi_eval_ scalar (kparams->shiny);
mi_reflection dir glossy(&reflection_dir, state, shiny);

if (!mi_trace_reflaction(result, state, &reflectiom_dir))
mi_trace_environment(result, state, &reflection_dir);

return miTRUE;

}
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specular reflection Pagc 184

declare shader
color "specular_reflection" ()

#include “shader.h"
int specular_reflection_version(void) { returm 1; }

miBoolean specular_reflection (
miColor #result, miState +state, void sparams )

{
miVector reflaction_directiom;
mi_reflection_dir(kreflection_direction, statel};
if (!mi_trace_reflection(result, state, &reflection_directiom))
mi_trace_environment(result, state, &reflection_direction);
roturn miTRUE;
}
glossy reflection Page 188

declare shader
color "glossy_reflectiom” (
scalar "shiny" default 5 )
version 1
apply material
end declare

#include "shader.h"

struct glossy_reflection {
miScalar shiny;

};

int glossy_reflection_version{void} { return 1; }

miBoolean glossy_reflection (

miColor sresult, miState sstate, struct glossy_reflection +params )
£

miVector reflection_dir;

miScalar shiny = =mi_eval_ scalar (kparams->shiny);

mi_reflection dir glossy(&reflection_dir, state, shiny);

if (!mi_trace_reflaction(result, state, &reflectiom_dir))
mi_trace_environment(result, state, &reflection_dir);

return miTRUE;
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declare shader
color "glossy_reflection" (
scalar "shiny" default 5 )
version 1
apply material
end declare

#include '"shader.h"

struct glossy_reflection {
miScalar shiny;

};
int glossy_reflection_version(void) { return 1; }

miBoolean glossy_reflection (
miColor *result, miState *state, struct glossy_reflection *params )

{
miVector reflection_dir;
miScalar shiny = *mi_eval_scalar(&params->shiny);
mi_reflection_dir_glossy(&reflection_dir, state, shiny);
if ('mi_trace_reflection(result, state, &reflection_dir))

mi_trace_environment (result, state, &reflection_dir);

return miTRUE;

}
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declare shader
color "glossy_reflection" (
scalar "shiny" default 5 )
version 1
apply material
end declare

#include '"shader.h"

struct glossy_reflection {
miScalar shiny;

};
int glossy_reflection_version(void) { return 1; }
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miColor *result, miState *state, struct glossy_reflection *params )

{
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if ('mi_trace_reflection(result, state, &reflection_dir))

mi_trace_environment (result, state, &reflection_dir);

return miTRUE;

}



glossy reflection Page 188

declare shader
color "glossy_reflection" (
scalar "shiny" default 5 )
version 1
apply material
end declare

#include '"shader.h"

struct glossy_reflection {
miScalar shiny;

};
int glossy_reflection_version(void) { return 1; }

miBoolean glossy_reflection (
miColor *result, miState *state, struct glossy_reflection *params )

{
miVector reflection_dir;
miScalar shiny = *mi_eval_scalar(&params->shiny);
mi_reflection_dir_glossy(&reflection_dir, state, shiny);
if ('mi_trace_reflection(result, state, &reflection_dir))

mi_trace_environment (result, state, &reflection_dir);

return miTRUE;

}



Cross-referencing in the shader book

Source code listings in Appendix B point back
to the code’s description in the text.
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declare shader
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version 1
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end declare
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apply material
end declare

#include "shader.h"

struct glossy_reflection {
miScalar shiny;

};

int glossy_reflection_version{void} { return 1; }

miBoolean glossy_reflection (
miColor sresult, miState +state, struct glossy_reflection +params
£
miVector reflection_dir;
miScalar shiny = =mi_eval_ scalar (kparams->shiny);
mi_reflection dir glossy(&reflection_dir, state, shiny);

if (!mi_trace_reflaction(result, state, &reflectiom_dir))
mi_trace_environment(result, state, &reflection_dir);

return miTRUE;

}
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specular reflection

declare shader
color "specular_reflection" ()
version 1
apply material

end declare
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#include “shader.h"
int specular_reflection_version(void) { returm 1; }
miBoolean specular_reflection (
miColor #result, miState +state, void sparams )
{
miVector reflaction_directiom;
mi_reflection_dir(kreflection_direction, statel};

if (!mi_trace_reflection(result, state, &reflection_directiom))
mi_trace_environment(result, state, &reflection_direction);

roturn miTRUE;

glossy reflection

declare shader
color "glossy_reflectiom” (
scalar "shiny" default 5 )
version 1
apply material
end declare

Page 188

#include "shader.h"

struct glossy_reflection {
miScalar shiny;

};

int glossy_reflection_version{void} { return 1; }

miBoolean glossy_reflection (
miColor sresult, miState +state, struct glossy_reflection +params
£
miVector reflection_dir;
miScalar shiny = =mi_eval_ scalar (kparams->shiny);
mi_reflection dir glossy(&reflection_dir, state, shiny);

if (!mi_trace_reflaction(result, state, &reflectiom_dir))
mi_trace_environment(result, state, &reflection_dir);

return miTRUE;

}




188 14 Reflection

1 struct glossy reflection {

2 miScalar shi ¥

3

4

5 miBoolean glossy reflection (

& micolor *result, mistate *state, struct glossy reflection *params )

o

T i

g mivector reflection dir;

9 miScalar s ¥ = *mi eval scalar(&params->shiny):
10 mi_reflection dir glossy(&reflection dir, state, shiny);
11
12 if (!mi_trace reflection(result, state, &reflection dir))
13 mi_trace enviromment(result, state, &reflection_dir);
14
15 return miTRUE;
16 3}

Figure 14.11: Shader source of glossy_reflection (p.513)

Once we've acquired the value of parameter shiny in line 9, the structurc of main part of the
shader in lines 10-13 is the samc as spacular reflaction. In linc 10 we determinc the glossy
rctlcction direction. T rathcr, we should say that we defcrmine one possible glossy dircction.
The dircction values determined by mi_raflection dir_glossy arc chosen somewhere within
the cone determined by the shiny parameter. That “somewhere” is important; mental ray
determines successive values of the glossy direction so that the rays arc well distributed within
the cone. (We'll talk more about this in the next section.)

As in the specular_reflaction shader, if the reflected ray did not strike another object or the
trace dcpt]‘l would be exceeded, we use the color of the environment in line 13 for the result of
our shader.

options "opt"
object space
samples 0 2
contrast .1 .1 .1
trace depth 5
end options

material ~"reflec
"glossy reflection” (
nshiny" 3 )
end material

Figure 14.12: Glossy reflection

A single ray sent for cach glossy reflection produces the grainy look in Figure 14.12. Our
contrast valuc in the options block is .1 .1 .1. Will increasing the quality of the render by
lowering the contrast valuc help with grainy look of our glossy reflection? We'll set the contrast
to .01 .01 .01 to find out.




Cross-referencing in the shader book

Utility functions encapsulate lower-level
detalls and make shader code clearer.

IA Corporation. @a



66 7 Color from position

material "depth"

"depth fade tint" {
"mear” 1.325,
"mear_egolor" 1 1 .5,
rfar* -1.15,

"far color® 0 0 .5 )
end material

Figure 7.7: Blending between two colors based on the z coordinate of a point on a surface

7.3 Clarifying the shader with auxiliary functions

Defining auxiliary functions can clarify the method being uscd in the shader. In this chapter
wc “ bCS_ﬂﬂ to d\.\{'lOP a ]lbl’l] \ ".'l]r '\.U'\Illl[’\ hJTlLUOnb t]'l"lt W l“ I'I)'ll\C' t]'l{' SE["‘.ECL‘ICS Oi’ Eh(.‘ Sh:'ld{'l’s
clearer from their code. All of these functions will be named with a ]:H(‘l‘\ of miaux ("mental
images auxiliary,” in the same spirit as the mi_# functions in the mental ray library), and will be
consolidated in a library.

Prog 307, 3.26. Functi
Shaders

First we’ll define a function to rescale a valuc from onc range to another, so that the proportional
rclationships of the new values match those of the original:

or.'g inal range

,// I\\\.x
\;\“‘*I proportional fit

to new range

Figure 7.8: Converting from one scale to another

This basic function will be uscful when we want define a relationship between scales of arbitrary
type, like the mapping from the near and far parameter values to a normalized range of 0.0 to

1.0
1 double miaux fit(
2 double v, double cldmin, double oldmax, double newmin, double newmax)
ER
L return newmin + ((v - oldmin) / (oldmax - oldmin)) * (newmax - newmin);
51

Figure 7.9: Function miaux_fit

Since we're blending two colors bascd on a weighting factor, we'll define a function to perform
this color blending:
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hair_geo_gv_texture 543

p->vd *mi_eval vector (fparams->v4);
p-rapproximation = *mi_eval_integer(&params->approxi
p->degres +mi_aval_integer(kparams->dagrae);

miaux_define_hair_object(
p—>name, hair_geo_4v_bbox, p, result, hair geo_4v_callback);

raturn miTRUE;

}
miBoolean hair_gec_4v_callback(miTag tag, void sparams)

miHair_list =shair_list;

miScalar =hair_scalars;

miGeoIndex =hair_indices;

hair geo 4v .t *p = (hair geo 4v_t =)params;

int hair commt = 1, hair scalar count = 4 # 3 + 1;

mi_api_incremental(miTRUE);

miaux_define_hair_ object(p->name, hair geo_4v_bbox, p, NULL, NULL)};
list = mi_api_hair_begin();

list->approx = p-»approximation;

hair_list->degres = p->degres;

mi_api_bair_info(0, °’r’, 1);

hair_scalars = mi_api_hair scalars begin(hair scalar_ count);
shair_scalars++ = p->radius;
miaux_append_hair_vertex(&hair_scalars, &p—>vi);
miaux_append_hair vertex(khair scalars, &p—>v2);
miaux_append_hair_vertex(khair_scalars, kp->v3};
miaux_append_hair vertex(khair scalars, &kp->vd);

mi_api_hair scalars_end(hair scalar_count);

hair_indices = mi_api_hair_hairs_begin{hair_count + 1};
hair_indices[0] = 0;

hair_indices[1] = hair_scalar_ count;

mi_api_bair hairs_end();

mi_api_bhair_end();
mi_api_schject_end();

return miTRUE;

1
Function Page
miaux_init_bbox 598
mianx_adjust_bbox 598
migux_set_vector 590
miaux_describe bbox 398
miaux_define hair object 5938
miaur_tag to_string 590

miaux_append hair vertex 598
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p->vd = *=mi_eval vector (fparams->v4);
p->approximation = *mi_eval_integer(&params->approximation);
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p—>name, hair_geo_4v_bbox, p, result, hair geo_4v_callback);

raturn miTRUE;
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list = mi_api_hair_begin();

list->approx = p-»approximation;

hair_list->degres = p->degres;

mi_api_bair_info(0, °’r’, 1);

hair_scalars = mi_api_hair scalars begin(hair scalar_ count);
shair_scalars++ = p->radius;

miaux_append_hair vertex(&hair scalars, &p->vi);
miaux_append_hair vertex(khair scalars, &p—>v2);
miaux_append_hair_vertex(khair_scalars, kp->v3};
miaux_append_hair vertex(khair scalars, &kp->vd);

mi_api_hair scalars_end(hair scalar_count);

hair_indices = mi_api_hair_hairs_begin{hair_count + 1};
hair_indices[0] = 0;

hair_indices[1] = hair_scalar_ count;

mi_api_bair hairs_end();

mi_api_bhair_end();
mi_api_schject_end();

return miTRUE;
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miaux_define hair object 5938
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miBoolean hair_geo_4v_callback(miTag tag, void *params)
{

miHair_list *hair_list;

miScalar *hair_scalars;

miGeoIndex *hair_indices;

hair_geo_4v_t *p = (hair_geo_4v_t *)params;

int hair_count = 1, hair_scalar_count =4 * 3 + 1;

mi_api_incremental (miTRUE) ;

miaux_define_hair_object(p->name, hair_geo_4v_bbox, p, NULL, NULL);
hair_list = mi_api_hair_begin();

hair_list->approx = p->approximation;

hair_list->degree = p->degree;

mi_api hair infe(O, "¥?, 1);

hair_scalars = mi_api_hair_scalars_begin(hair_scalar_count);
*hair_scalars++ = p->radius;
miaux_append_hair_vertex(&hair_scalars, &p->vil);
miaux_append_hair_vertex(&hair_scalars, &p->v2);
miaux_append_hair_vertex(&hair_scalars, &p->v3);
miaux_append_hair_vertex(&hair_scalars, &p->v4);
mi_api_hair_scalars_end(hair_scalar_count) ;

hair_indices = mi_api_hair_hairs_begin(hair_count + 1);
hair_indices[0] = 0;

hair_indices[1] hair_scalar_count;
mi_api_hair_hairs_end();

mi_api_hair_end();
mi_api_object_end();

return miTRUE;




miBoolean hair_geo_4v_callback(miTag tag, void *params)
{

miHair_list *hair_list;

miScalar *hair_scalars;

miGeoIndex *hair_indices;

hair_geo_4v_t *p = (hair_geo_4v_t *)params;

int hair_count = 1, hair_scalar_count =4 * 3 + 1;

mi_api_incremental (miTRUE) ;

miaux_define_hair_object(p->name, hair_geo_4v_bbox, p, NULL, NULL);
hair_list = mi_api_hair_begin();

hair_list->approx = p->approximation;

hair_list->degree = p->degree;

mi_api hair infe(O, "¥?, 1);

hair_scalars = mi_api_hair_scalars_begin(hair_scalar_count);
*hair_scalars++ = p->radius;
miaux_append_hair_vertex(&hair_scalars, &p->vil);
miaux_append_hair_vertex(&hair_scalars, &p->v2);
miaux_append_hair_vertex(&hair_scalars, &p->v3);
miaux_append_hair_vertex(&hair_scalars, &p->v4);
mi_apil_hailr_scalars_end(hair_scalar_count),;

hair_indices = mi_api_hair_hairs_begin(hair_count + 1);
hair_indices[0] = 0;

hair_indices[1] hair_scalar_count;
mi_api_hair_hairs_end();

mi_api_hair_end();
mi_api_object_end();

return miTRUE;
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1

p->vd = eval_vector (Eparams->v4);
p->approximation = al_integer (kparams->approximation);
p->degres = *mi_aval_integer(kparams->degrae);

miaux_define_hair_object(
p—>name, hair_geo_4v_bbox, p, result, hair geo_4v_callback);

raturn miTRUE;

miBoolean hair_gec_4v_callback(miTag tag, void sparams)

miHair_list =shair_list

miScalar =hair_scalars;

miGeoIndex =hair_indices;

hair geo 4v .t *p = (hair geo 4v_t =)params;

int hair commt = 1, hair scalar count = 4 # 3 + 1;

mi_ani_dincramental {miTRUED:

miaux_define hair object(p->name, hair gec_ 4v_bbox, p, NULL, NULL

0317 118U = E1_apl _O&a1r_Degini),
hair_list->approx = p->approximation;
hair_list->degres = p->degres;
mi_api_bair_info(0, °’r’, 1);

hair_scalars = mi_api_hair scalars begin(hair scalar_ count);
shajir gcalars+s = p->radip=:

miaux_append_hair vertex(&hair scalars, &p->vi);
miaux_append_hair vertex(khair scalars, &p—>v2);
miaux_append_hair_ tex(khair_scalars, &p->v3};
miaux_append_hair_wartex(khair scalars, &p->vd);

m1_apl _0alT scalaTs end(0alr s T_COuntj,

hair_indices = mi_api_hair_hairs_begin{hair_count + 1};
hair_indices[0] =

hair_indices[i] hair_scalar_count;

mi_api_bair hairs_end();

mi_api
mi_api_schject_end();

return miTRUE;

Function Page
miaux_init_bbox 598
mianx_adjust_bbox 598
migux_set_vector 590
miaux_describe bbox 398
miaux_define hair object 5938
miaur_tag to_string 590

miaux_append hair vertex 598
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miaux_append_hair vertex(&hair scalars, &p->vi);
miaux_append_hair vertex(khair scalars, &p—>v2);
miaux_append_hair_vertex(khair_scalars, kp->v3};
miaux_append_hair vertex(khair scalars, &kp->vd);

mi_api_hair scalars_end(hair scalar_count);

hair_indices = mi_api_hair_hairs_begin{hair_count + 1};
hair_indices[0] = 0;

hair_indices[1] = hair_scalar_ count;

mi_api_bair hairs_end();

mi_api_bhair_end();
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return miTRUE;
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hair_indices = mi_api_hair_hairs_begin(hair_count + 1);

hair_indices[0] = O;

hair_indices[1] = hair_scalar_count;

mi_api_hair_hairs_end();

mi_api_hair_end () ;
mi_api_object_end();

return miTRUE;

Function

miaux_1init_bbox
miaux_adjust_bbox
miaux_set_vector
miaux_describe_bbox
miaux_define hair object
miaux_tag_to_string
miaux_append_hair vertex

Page
598
598
590
598
598
590
598



hair_indices = mi_api_hair_hairs_begin(hair_count + 1);

hair_indices[0] = O;

hair_indices[1] = hair_scalar_count;

mi_api_hair_hairs_end();

mi_api_hair_end () ;
mi_api_object_end();

return miTRUE;

Function
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miaux_define hair object
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return mi_api_object_end();

Chapter 20 — Modeling hair

wvoid miaux_define_hair_cbject(
miTag name_tag. misux_bbox_function bbox_function, void *params,
miTag *gecshader_result, miApi_object_callback callback}

miTag tag;

milbject *obj;

char *name = misux_tag_to_stringi{name_tag, "::hair");

obj = mi_api_object_begini(mi_mem_strdup(name));

obj-»visible = miTRUE;

obj-*shadow = obj-*reflection = obj-*refraction = 3;

bbox_function(obj, params);

if (geoshader_result != NULL &k callback != NULL) {
mi_api_object_callback{callback, params};
tag = mi_api_object_end();
mi_gecshader_add_result{gecshader_result, tag):
obj = (mibbject *)mi_scene_edit{tag);
obj->geo.placeholder_list.type = miOBJECT_HAIR;
mi_scene_edit_end{tag);

¥
wvoid miaux_describe_bbox(miDbject *ohj)
mi_progress("Object bbox: YE.NE.NE %L 0ENE",

->bbox_min.x, obj->bbor_min. obj->bbox_min.z,
obj—>bbox_max.x, obj—>bbox_max.y., obj->bbox_max.z);

:
void miaux_adjust_bbox (miObject #obj. miVector #*v, miScalar extra)

miVector v_extra, vmin, vmax:
miauwr_set_vector(kv_sertra, extra, sxtra, extral;
mi_vector_sub(kvmin, v, Ev_extra):
mi_vector_add(fwmax, v, &v_ertra);
mi_vector_min(&obj->bbox_min, &obj->bbox_min, &wmi
mi_vector_max (kobj->bbox_max, &kobj->bbox_mex, &vmax);

¥

woid miaur_init_bbox(miDbject #*obj)
1

obj-*bbox_min. miHUGE_SC
obj->bbox_min. niHUGE_SC
obj-*bbox_min. niHUGE_SCAl
obj->*bbox_max.x -miHUGE_S!

obj-*bbox_max.
obj->bbox_max.

-miHUGE_SCALIR;
¥

woid miaux_append_hair_vertex(miScalar **scalar_array, miVector *v)
{

{*scalar_array) [0] = v->x;
{*scalar_array) [1]
{*scalar_array)[2]
*3calar_array += 3;

1

void miaur_append_hair_data(
miScalar ##scalar_array, miVector #v, miScalar positiom,
miScalar root_radius, miColor *root, miScalar tip_radius, miColor =tip }

(*scalar_array) [0]
{*scalar_array) [1]
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return mi_api_object_end();
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woid miaux_append_hair_vertex(miScalar **scalar_array, miVector *v)
{
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1
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(*scalar_array) [0]
{*scalar_array) [1]




void miaux_adjust_bbox(miObject *obj, miVector *v, miScalar extra)

{

miVector v_extra, vmin, vmax;

miaux_set _vector(&v_extra, extra, extra, extra);
mi_vector_sub(&vmin, v, &v_extra);
mi_vector_add(&vmax, v, &v_extra);
mi_vector_min(&obj->bbox_min, &obj->bbox_min, &vmin);
mi_vector_max (&obj->bbox_max, &obj->bbox_max, &vmax);

}

void miaux_init_bbox(miObject *obj)

{

miHUGE_SCALAR;
= miHUGE_SCALAR;
= miHUGE_SCALAR;
= -miHUGE_SCALAR;
= —-miHUGE_SCALAR;
= -miHUGE_SCALAR;

obj->bbox_min.
obj—->bbox_min.
obj—->bbox_min.
obj->bbox_max.
obj->bbox_max.
obj—->bbox_max.
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Croess-referencing in the shader book

Example renderings are displayed with the
relevant portion of the scene file that
produced them.
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Prog 114, 2.7.4. Materials

54 5 Asingle color

Store contour shader returns multiple values. (See Figure 10.7.)

5.4 Using a shaderin a material

To usc shader one_color to render a scenc, we supply values for its paramecters and include in it
a matcrial. In Figurc 5.8, shader ona_coler is included anonymously in three different materials
for the three object instances.

material "yellow®
"one_color" |
"color"

end material

-
-
=

materi *blue"
"one_color" |
"color" .4 .41 )
end material

material "red"
"one_color" |
"color™ 1 .4 .4
end material

Figure 5.8: A single color for the entire object defined by shader one_color in the material

Throughout the book, we'll be rendering images like Figurc 5.8 using the shaders developed in
cach chapter. Accompanying the image will be a fragment of the scene file that describes how
the shader is used, or includes other parts of the scene file that will affect the final image. All the
rendered imagges arc collected in Appendix A beginning on page 457 and scrve as a visual index
to the various techniques we'll develop.

5.5 Shader programming style

To simplify the structural diagram of shader one_color, the three arguments to the shader
function were placed on different lincs. To shorten the source code cxamples throughout the
book, most shaders will be shown with their arguments all on the same linc.

miBoolean one_color (

micolor *result, miState *state, struct one color *params )
I

micolor *color = mi_eval color(&params->color);

resu

t->a = color->a;
return miTRUE;

Figure 5.%: Putting the standard shader arguments on a single line

But we can go further than just rearranging the code to shorten it. The size of a variable of type
miColor is known by the compiler in advance (a C struct containing a field for each of the red,
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material "red"
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Figure 5.8: A single color for the entire object defined by shader one_color in the material

Throughout the book, we’ll be rendering images like Figure 5.8 using the shaders developed in
each chapter. Accompanying the image will be a fragment of the scene file that describes how




354 21 The environment of the scene
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Figure 21.33: Color curves specified in the scene file for shader color_ramp

21.6 Environment shaders for cameras and objects

Different environment shaders can be used for the camera and object instances. For any object

instance without an environment shader, the camera’s environment shader will be used as the

default.

shader "red_sunset"
"color_ramp" |

"colors™ [ 0.3 0.2 0.1 0.0,
0.1 0.05 0.0 0.49,
0.4 0.3 0.0 0.5,
1.0 1.0 0.0 0.51,
l.¢ 0.2 0.0 0.55,
0.1 0.2 0.6 0.7,
0.12 0.05 0.2 1.0 1 )

shader "pink sunset"
"color_ramp" |

"golors® [ 0.3 0.2 0.1 0.0,
0.1 0.05 0.0 0.49,
0.4 0.3 0.1 0.50,
l.¢ 1.0 0.8 0.51,
l.¢ 0.6 0.4 0.55,
0.1 0.2 0.6 0.7,
0.05 0.1 0.2 1.0 713}

camera "cam"
cutput "rgba" "tif" "enviromment 6.%if"
focal 1.5
aperture 1.5
aspect
resolution 300 300
environment
= "red sunset"
end camesra

material "corinthian material"
"specular reflection™ ()
enviromnment = "pink sunset"

end material

Figure 21.34: Different environment shaders used for the camera and object
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default.
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"color_ramp" |

"golors® [ 0.3 0.2 0.1 0.0,
0.1 0.05 0.0 0.49,
0.4 0.3 0.1 0.50,
l.¢ 1.0 0.8 0.51,
l.¢ 0.6 0.4 0.55,
0.1 0.2 0.6 0.7,
0.05 0.1 0.2 1.0 713}

camera "cam"
cutput "rgba" "tif" "enviromment 6.%if"
focal 1.5
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aspect
resolution 300 300
environment
= "red sunset"
end camesra

material "corinthian material"
"specular reflection™ ()
enviromnment = "pink sunset"

end material

Figure 21.34: Different environment shaders used for the camera and object




shader "red sunset"”
"color ramp" (
"eolors" [ 0.3 0.2 0.1 0.0,
0.1 0.05 0.0 0.49,
D4 D3 0.0 0.5,
10 10 00 081,
1.0 0.2 0.0 0.55;
0.1 0.2 0.6 0.7,
6.1% 0.65 .2 1.6 7§
shader "pink sunset"
"color ramp" (
"ecolors" [ 0.3 0.2 0.1 0.0,
0.1 0.05 0.0 0.49,
0.4 0.3 0.1 0.50,
s .0 0.8 0B,
1.0 0.6 0.4 D0.55,
Dl D2 Bab: D,
0.05 0.1 0.2 1.0 ] )
camera "cam"
output "rgba" "tif" "environment 6.tif"
focal 1.5
aperture 1.5
aspect 1
resolution 300 300
environment
= "red sunset"
end camera
material "corinthian material"
"specular reflection" ()
environment = "pink sunset"
end material

Figure 21.34: Ditferent environment shaders used for the camera and object




end material

shader |"red sunset"”
"color ramp" (
"colors" [ 0.3
0.1
0.4
1.0
1.0
0.1
0.12
shaderl"pink_sunset"
"color ramp '
"colors" [ 0.3
0.1
0.4
1.0
1.0
0.1
0.05
camera "cam"
output "rgba" "tif"
focal 1.5
aperture 1.5
aspect 1
resolution 300 300
environment

= "red sunset"

end camera

OO0 oK OOoOOoO
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b1 0.8,

5 0.0 0.49,

0.0 0.5,
6.0 051,
0.0 0.55,
0.6 0.7,

5 0.2 1.8 19
g .1 0.0,
05 0.0 0.49,
3 0.1 0.50,
0o 0.8 0.51,
6 0.4 0.55,
¥ Db B
1 0.2 1.0 1)

"environment 6.tif"

material "corinthian material"

"specular reflection"

I—LI_ .

environment|= "pink sunset"

Figure 21.34: Ditferent environment shaders used for the camera and object




Croess-referencing in the shader book

The picture index in Appendix A provides
pointers back to the section in which the
rendered picture was discussed.
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Appendix A

Rendered scene files

This appendix contains rendered images from the scenc files used as examples throughout the
book labeled with the page number on which the image appears.

Chapter 5 — A single color

Page 54

Chapter 6 — Color from orientation

Ae]Av] A

Page 59 Page 59 Page 62










16.5 Visualizing the photon map 235

is transmitted in line 16, the incoming cnergy is attenuated by the transparcncy parameter in
lines 12-13. The refraction direction in lines 14-15 is calculated by mi_refractiondir in
the same manner as the refraction shaders of C]‘mptcr 15. Here, however, we're not samplin;._’,
the scene with a new ray, but sending a photon in the refraction dircction to represent the
transmission of light cnergy.

Adding global illumination brightens the lower parts of the objects as light from the caustics arc

now included in the total light calculation.

options "opt®
object space
comtrast .1 .1 .11
samples -1 2
shadow on
displace on
max displace .2
globillum on
globillum accuracy 500 2
caustic on
caustic accuracy 500 .1
end options

material "refract"
*specular_refraction” (
"index of_ refraction® 1.5 )
displace
"displace_ripple" (
"center” .2 .5 0,
"frequency" 20,
"amplitude" .01 )
"displace ripple" (
"center” .8 .8 0,
rfrequency" 20,
"amplitude" .01 )
"displace ripple" (
center® .8 .2 0,
"frequency" 20,
ramplitude" .01 )

photon
"transmit specular photon" (
wdex of refraction® 1.5 )

end material

Figure 16.28: Caustics and global illumination used together

16.5 Visualizing the photon map

In Chapter 6, “Color from oricntation,” we madc a shader that converted the surface normal
into a color. A vector isn't a color, after all, but by treating it as onc we arc able to visualize
the oricntation of the surface. This could be a very uscful technique when we are checking for
possible problems in the construction of our geometric models.

In a similar vein, we can set the g]ob:ﬂ llumination options to values that would not be uscful
for producing final imagery, but can help us understand the way that the photon tracing process
distributes photons to construct the photon map for its usc in rendering,

In the photon tracing phase, the energy of a light emitting photons is divided up equally among

RC Photon




Cross-referencing in the shader book

The textual index includes references to
shader and function names.
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Index

Symbols

+ (pixel interpolation), 422
= (shader reference), 30

# (comment character), 29

A
altitude, 340
ambient light, 151

ambient occlusion, 28 238
angle
of incidence, 183
of reflection, 183
of view, 399
anisotropic, 160
API library functions, 51, 52, 61

mi_api hair begin, 294-29, 300, 301, 305—

307, 312, 313, 3
LX)
mi_api hair_end, 294-296, 300, 301, 305-
07, 312, 313, 321, 322, 325, 328,
3
mi_api hair hairs begin, 294-2%, 300,
301, 305-307, 312, 313, 321, 322,
325
mi_api hair hairs_end, 294-296, 300, 301,
305-307, 312, 313, 321, 322, 325
mi_api hair info, 294-296, 300, 301,
3 07, 312, 313, 321, 322, 325

mi_api hair scalars begin, 294-2%6, 300,

301, 305-307, 312, 313, 321, 322,

mi_api hair _scalars_end, 294-2%, 300,
301, 305-307, 312, 313, 321, 322,
325

mi_api_instance begin, 286
mi_api_instance_end, 286
mi_api_cbject_bagin, 274, 281

mi_api_object_end, 274, 294-296. o1,
305-307, 312, 313, 321, 322,
331
mi_api_object_group bagin, 274,
281
mi_api_object_group_end, 274, 281
mi_api_poly_begin_tag, 274
mi_api_poly_end, 274
mi_api_poly_index_add, 274
mi_api_vector xyz_add, 274
mi_api_vertex_add, 274
mi_api_vertex mormal_add, 274
mi_api_vertex_tex_add, 274
mi_call shader x, 386
mi_compute_avg radiance, 221, 225,

279

mi_eval *, 50, 51, 68

mi_fatal, 328, 331, 347-349

mi_fb_put, 424, 428, 430

mi_flush_cache, 267

mi_geoshader_add result, 274, 281, 284,
286

mi_get_contour_line, 102

mi_img _get_color, 441, 430

mi_img put-color, 441, 445, 450

mi_lookup_color_texture, 84, 85, 254,
267

mi_matrix_copy, 286

mi_matrix_ident, 286

mi_matrix_invert, 286

mi_matrix_rotate, 405

mi_mem allocate, 294-296, 300, 301, 305-
307, 312, 313, 321, 322, 325, 328, 331
343, 344, H45

mi_mem release, 321, 322, 325, 343, 34,
445

mi_opacity_set, 70, 74, 179, 308

mi_output_image close, 441, 445,
450

mi_output_imaga open, 441, 445, 450

mi_par_aborted, 441, 445, 450

mi_phen clone, 286

]




shader source code

add_colors, 431, 580

ambient_occlusion, 240, 526

ambient_occlusion_cutoff, 24.
527

annotate, 450, 583

average_radiance, 225, 523

average radiance_options, 229,
524

blinn, 158, 502

bump_ripple, 264,

bump._texture, zfe,,,534 Index references to
bunp-vave, 261, >J1 shader source code

bump_wave_uv, 262, 53
c_contour, 101, 48 8
c_contrast, 99, 487/
c_output, 102, 488
c_store, 97, 487
c_tessellate, 107, 490
c_toon, 115, 493
channel_ramp, 347-349, 558
chrome_ramp, 343, 344, 557

color_ramp, 352, 353, 56
cook_torrance, 159, 503
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state
commonly used fields, 57
conceptual categories, 57
fields in miState

state->bary, 60, 111, 292
state—>bary[1],293,313
state->camera, 5/

state->camera->x_resolution,
406

state->camera->y_resolution,
406

state->child, 60

state->derivs[0], 316

state->dir, 60, 61, 133, 136, 155, 340, 358, |ndex references 1o

362, 370, 400, 402, 407, 416, 418 _
state—>dlst,6 146, 147, 358, 359, 366 (j
370, 374 renaering state
state->dot_nd, 58-61, 114, 164
state->environment, 60
state->face, 60
state->instance, 60
state->inv_normal, 60
state->ior, 60, 202
state->ior_in, 60, 202
state->label, 60
state->light_instance, 60, 135
state->material, 60
state->normal, 60, 61, 155, 248, 260, 261,
263, 265, 266, 319




API library tunctions, 51, 52, 61
mi_api_hair begin, 294-296, 300, 301, 305—
307,312, 313, 321, 322, 325, 328,
331
mi_api_hair_end, 294-296, 300, 301, 305-
307, 312, 313, 3’1,323, JT 328,

331
mi_api_hair_hairs_begin,294—?96,TOD,
301, 305-307, 312, 313, 321, 322,

325
mi apl_halr_halrs _end, 294-296, 300, 301,
305-307, 312, 313, 321, 322, 3 25
mi_apl_halr 1nfo 294-296, 300, 301,
305-307, 312, 313, 321, 322, 325

mi_apl_halr scalars_begln ‘94 EQ_3OD
301, 305-307, 312, 313, 321,
325

-

mi_api hair scalars_ end,2@4—?9( 300
301, 305-307, 312, 313, 321,
325

mi_api_ incremental,294—?96,300,301
305-307, 312, 313, 321, 322, 325, 328,
331

mi_api_instance_begin, 286

mi_api_instance_end, 286

mi_api_object_begin, 274, 281

Index references to
APl function calls



U

unit density, 361

unit square, 12 Index references to

utility functions

miaux_add_blinn_specular_component, 157, Utl I Ity fu nCtI ons
592

miaux_add_color, 593




63

miaux_add_cook torrance_specular_component,

158, 592

miaur _add diffuse_component, 149,
59

miaunx add_diffuse hair_component, 317,
599

miaux_add_1ight_color, 427, 606
miaux_add mock_specular_component, 162,
594
miaux_add multiplied colors, 596
miaux_add phong specular_component, 154,
592
miaux_add random_triangle, 279,
597
miaux_add_scaled_color, 110, 150,
591
miaux_add_specular_hair_component, 317,
599
miaux_add_transparent_color, 380,
604
miaux_add transparent_hair_component,
317,599
miaux_add vertex, 279, 597
miaux add ward specular_component, 161,
592
miaux_adjust_bbox, 293, 598
miaux_all_channels_equal, 73, 590
miaux_alpha blend, 607
miaux_alpha blend colors, 380, 604
miaux_altitude, 340, 602
miaux_append hair_data, 306, 598
miaux_append hair_vertex, 301, 598
miaux_blend, 66, 589
miaux blend channels, 73, 589
miaux blend colors, 67, 589
miaux_blend transparency, 333,
601
miaux brighten rim, 164, 594
miaux_clamp, 599
miaux_clamp _color, 600
miaux_color_chanmal_avarags, 596
miauy_color_compare, 444, 607
miaux color_fit, 333, 602
miaux_copy-color, 599
miaux_copy_frame buffer, 446
miaux_current_light_tag, 135, !
miaux _define hair_object, 2%
miaux_density_falloff, 375, 604
miaux_describe_bbox, 293, 598
miaux distance, 605
miaux divide_color, 606
miaux divide_colors, 606
miaux Tit, 66, 141, 589

miaux_fit_clamp, 593

miaur_fractiomal occlusion at_point,
379, 604

miaux_fracticnal shader_occlusion at_point,
385, 605

miaux_from camera space, 416, 606

miaux_hair data file bounding box, 328,
601

miaux_hair spiral, 324, 600

miaux_init_bbox, 293, 598

miaux_interpelated_color_lookup, 351,

603
miaux_interpelated lookup, 342,
602
miaux_invert_chanmels, 74, 590
miaux_light_array, 151, 591

miaux_light_exponent, 146
miaux_light_spread, 135, 591
miaux_load fontimage, 448, 608
miaux_march point, 362, 603
miaux_max, 599
miaux_mltiply color, 596
miauxr_multiply_colors, 593
miaux_object_from file, 284, 597
miaux_offset_spread from 1light, 136,
59
miaux_opacity_set_channels
miaux_parent_exists, 201, 5
miaux_perpendicular_point, 323,
600
miaux_piecewise_color_sinusoid, 351,
603
miaux_piecewise_sinusoid, 342,
602
miaux_pixel neighborhood, 444,
607
miaux_point_along vector, 362, 603
miaux_point_between, 323, 6K
miaux_point_inside, 392, 605
miaux_quantize, 113, 591
miauy_random point_in umit_sphere, 278,
597
miaux_random point_on_sphera, 322,
600
miaux_random range, 278, 597
miaux_ray_is_entering, 201, 595
miaux_ray_is entering material, 199,
595
miaux_ray_is transmissive, 201,
595
miaux read hair data file, 329,
601
miaux read volume block, 390, 605

599
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®oo Writing mental ray shaders

& < http:/ /www.writingshaders.com /index.htm . G

Writing mental ray shaders
A perceptual introduction

This website provides additional resources for the book Writing mental ray shaders: A perceptual introduction. It
includes all the shader source code and scene files described in the book, available for you to download. These
pages will also help you understand where and how the shaders are used in the example scenes throughout the
book. In the page for a shader, the scenes that use it are linked; conversely, in the page for a scene, the shadets
used by that scene are linked. The book’s bibliography is also duplicated here, but with the addition of links to
the original papers and books that it references. I am also adding material beyond what is covered in the book to
this site, including teaching materials as well as additional shaders that extend ideas presented in the book or
based on new shader ideas suggested by readers. The book includes a CDROM that contains a complete
version of mental ray

Andy Kopra

mental images
Background

Getting started

The book’s CDROM

Downloading examples from the book
Shaders

Shader compilation on various platforms

Shader source files

Additional shaders

A few notes on programming style
Scenes

Accessing custom shaders during rendering

Scene files

Reference
Teaching materials

Bibliography




Website support for the book’s software

The “Background’ section Is an overview of
the resources provided by the website and
how you can use them.
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Getting started

z < http:/ fwww.writingshaders.com /getting_started.html =a-

Getting started Home
The good news is that mental ray shaders are written in the C or C++ programming languages. Unfortunately, the bad news is that ... mental ray
shaders are written in C or C++. But let’s focus on the good part: Since the shaders are in C or C++, everything you know about programming in
those languages, and all the libraries that you’ve written or have acquired, can potentially be useful in mental ray shader programming. However,
the way that you compile C/C++ code varies in its details across different operating systems, and getting this right can be a frustrating hurdle right
at the beginning. The installation of mental ray and your custom shaders are also dependent upon the structure of the file system. I've included a
lot of information in this website to deal with these issues. I hope this page will help clarify the big picture so that you don’t get lost in the details
right off the bat.

Compiling shaders

The page “Shader compilation on vatious platforms™ describes the various pieces required to compile the shaders in the book.

Individual shader examples
*.Cc
*.Ccpp

Utility functions
miaux.h
miaux.c

Compilation

Linux and Mac 05 X

Makefile

Windows

Runtime shaders

Linux and Mac 05 X
*.80

Windows
*.dll

Common geometry shaders *.bat ‘

newblocks.cpp
matrix.h
matrix.cpp
mrpoly.h
mrpoly.cpp

N

Compiling the shaders in the book from their source files

The book organizes the shader code in a simple way: each shader is almost always defined in its own file. (I say “almost always” because contour
shading is divided into four processes, each represented by a separate shader. I’'ve organized one set of related contours shaders in a single file in
Chapter 10 of the c_tessellate shadet.)

Many shaders also use utility functions from the “miaux” library, written for the book and designed as an auxiliary set to complement the “mi”
library supplied with mental ray.

(13 »”
- LT

I also defined a few simple shapes as geometry shaders in file “newblocks.cpp”. The “newblocks™ shaders depend up a library of C++ classes

<

i



eno Downloading examples from the book

<> I ¢ ] |=<I [ + | .4 http:/ /www.writingshaders.com/download.html

Downloading examples from the book Home

The shaders and scenes in Writing mental ray shaders can be examined and downloaded individually in the shaders and scenes pages. For convenience,
you can download all the files in a single zip file.

Shader code and scene files |[WMRS_source_april_2008.zip | Directory contents

The zip file expands to a directory that contains two subdirectoties, shaders and scenes. This directory structute is also used in the training classes
offered by mental images.

For information on shader compilation, see “Shader compilation on various platforms.” For information on using custom shaders, see “Accessing
custom shaders during rendering.”
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Downloading examples from the book Home

The shaders and scenes in Writing mental ray shaders can be examined and downloaded individually in the shaders and scenes pages. For convenience,
you can download all the files in a single zip file.

Shader code and scene files | WMRS_source_april_2008.zig|Directory contents

The zip file expands to a directory that contains two subdirectoties, shaders and scenes. This directory structute is also used in the training classes
offered by mental images.

For information on shader compilation, see “Shader compilation on various platforms.” For information on using custom shaders, see “Accessing
custom shaders during rendering.”
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Contents of WMRS_source_april _2008.zip Home U

Archive: WMRS source_april 2008.zip
Length Date Time Name
0 04-22-08 23:52 WMRS_source_april_ 2008/
0 04-22-08 22:45 WMRS_source_april_ 2008/scenes/
2012 04-22-08 22:45 WMRS_source_april_ 2008/scenes/ambocclude_1l.mi
2013 04-22-08 22:45 WMRS_source_april_ 2008/scenes/ambocclude_2.mi
2063 04-22-08 22:45 WMRS_source_april_ 2008/scenes/ambocclude_3.mi
5135 04-22-08 22:45 WMRS_source_april_ 2008/scenes/atmosphere_1l.mi
5273 04-22-08 22:45 WMRS_source_april_2008/scenes/atmosphere_2.mi
5272 04-22-08 22:45 WMRS_source_april_ 2008/scenes/atmosphere_3.mi
5620 04-22-08 22:45  WMRS_source_april_ 2008/scenes/atmosphere_4.mi
5672 04-22-08 22:45  WMRS_source_april_ 2008/scenes/atmosphere_5.mi
5679 04-22-08 22:45 WMRS_source_april 2008/scenes/atmosphere_6.mi
5682 04-22-08 22:45 WMRS_source_april 2008/scenes/atmosphere_7.mi
12591274 04-22-08 22:45 WMRS_source_april 2008/scenes/bubbles.tif
2901 04-22-08 22:45 WMRS source_april 2008/scenes/buffer 1l.mi
3175 04-22-08 22:45 WMRS source_april 2008/scenes/buffer 2.mi
3710 04-22-08 22:45 WMRS source april 2008/scenes/buffer 3.mi
4344 04-22-08 22:45 WMRS source april 2008/scenes/buffer 4.mi
6080 04-22-08 22:45 WMRS_source_april 2008/scenes/buffer_ 5.mi
1310 04-22-08 22:45 WMRS_source_april 2008/scenes/bump_1l.mi
1367 04-22-08 22:45  WMRS_source_april 2008/scenes/bump_2.mi
1334 04-22-08 22:45 WMRS_source_april 2008/scenes/bump_3.mi
1450 04-22-08 22:45 WMRS_source_april 2008/scenes/bump_4.mi
1374 04-22-08 22:45 WMRS_source_april 2008/scenes/bump_5.mi
1582 04-22-08 22:45 WMRS_source_april 2008/scenes/bump_7.mi
3284 04-22-08 22:45 WMRS_source_april_2008/scenes/caustics_l.mi
3882 04-22-08 22:45 WMRS_source_april_ 2008/scenes/caustics_2.mi
3928 04-22-08 22:45 WMRS_source_april_ 2008/scenes/caustics_3.mi
135464 04-22-08 22:45 WMRS_source_april 2008/scenes/colorstrip.tif
19376 04-22-08 22:45 WMRS_source_april 2008/scenes/contours_10.mi
20316 04-22-08 22:45 WMRS_source_april 2008/scenes/contours_1ll.mi
19324 04-22-08 22:45 WMRS_source_april 2008/scenes/contours 12.mi
19750 04-22-08 22:45 WMRS_source april 2008/scenes/contours 13.mi
20559 04-22-08 22:45 WMRS source april 2008/scenes/contours 14.mi
20580 04-22-08 22:45 WMRS source april 2008/scenes/contours 15.mi
20586 04-22-08 22:45 WMRS_source_april 2008/scenes/contours_1l6.mi
46560 04-22-08 22:45 WMRS_source_april 2008/scenes/contours_2.mi
46766 04-22-08 22:45 WMRS_source_april 2008/scenes/contours_3.mi
47048 04-22-08 22:45 WMRS_source_april 2008/scenes/contours_4.mi
50416 04-22-08 22:45 WMRS_source_april 2008/scenes/contours_5.mi
50410 04-22-08 22:45 WMRS_source_april_ 2008/scenes/contours_6.mi
50565 04-22-08 22:45 WMRS_source_april 2008/scenes/contours_7.mi i
894 04-22-08 : 4 AMRS s0O e _apri 008/scenes/contours 8.mi

<




Website support for the book’s software

The “Shaders” section contains a catalog of
all the shaders in the book, along with
Instructions for compilation on various
platforms.
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Shader source files Home

This page contains links to the the source code for all the shadets in Writing mental ray shaders, organized by chaptet. The source code can also be
downloaded from a single ZIP file described in the “Downloading examples from the book™ page.

Besides the source code for all the shaders, the ZIP file also contains a shader library called “newblocks” that contains geometry shaders used in
many of the scenes in the book. (These shaders are used for the construction of scene objects and are not part of the book’s discussion of geometry
shaders. I plan to include techniques for procedural object construction in the “Additional shaders” page.)

The shader catalog

All the shaders of the book are listed below by chapter, divided by the five major parts in the book. For each shader page, the declaration in .mi
syntax is listed first, followed by the full C source code. The declaration and C code are themselves links to an unformatted file that can be
downloaded individually. You can also copy and paste individual sections of those pages.

If the shader contains miaux auxiliary functions (as introduced in Chapter 7 with shader depth_fade_tint_2), they are listed after the shader
source code. For convenience, the miaux functions used in the shader are contained in a separate file that for which the page also provides a link.
However, all miaux utility functions are declared together in miaux.h and defined in miaux.c.

To see all the scene files in which a shader is used, click on the “Scenes” link in the upper right corner of the shader source code page. For
example, shader one_color is used in many scenes in the book, as you can see in this page.

A description of shader compilation is contained in the page “Shader compilation on various platforms.” The DLLEXPORT macto is declared in the
mental ray header file shader.h. This macro is is required for compilation on Microsoft “Windows,” but is ignored during compilation under
other operating systems.

Part 2: Color

Chapter 5: A single color

one_color

Chapter 6: Color from orientation

front bright
front_bright dot
normals_as_colors

Chantar 7 Calar fram nacitinn
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Chapter 8: The transparency of a surface

transparent
transparent modularized

Chapter 9: Color from functions

show_uv
show_uv_steps
texture_uv_simple
texture uv

vertex color
summed_noise_color

Chapter 10: The color of edges

c_store

c_contrast
c_contour

c_output
c_tessellate
show_barycentric
front_bright steps
c_toon

lambert steps

Part 3: Light

Chapter 11: Lights

point light
point_light shadow
spotlight
soft_spotlight
sinusoid_soft spotlight
point light falloff

hapte : Liaht on 3 rface
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transparent
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Chapter 9: Color from functions

show_uv
show_uv_steps
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vertex color
summed_noise_color

Chapter 10: The color of edges

c_store

c_contrast
c_contour

c_output
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lambert steps

Part 3: Light

Chapter 11: Lights

point light
point_light shadow
spotlight
soft_spotlight
sinusoid_soft spotlight
point light falloff
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Shader point_light shadow Scenes  Home

Click on the filename to display or download the file.

point_light_shadow.mi

declare shader
color "point_ light shadow" (
color "light color" default 1 1 1 )
version 1
apply light
end declare

point_light_shadow.c
#include "shader.h"
struct point light shadow {
miColor light color;
DLLEXPORT
int point_light shadow_version(void) { return 1; }
DLLEXPORT
miBoolean point_light shadow (

miColor *result, miState *state, struct point_light_ shadow *params )
{

*result = *mi_eval_color(&params->light_color);
return mi_trace_shadow(result, state);

22 April 2008 2320403
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Click on the filename to display or download the file.

point_light_shadow.mi

declare shader
color "point_ light shadow" (
color "light color" default 1 1 1 )
version 1
apply light
end declare

point_light_shadow.c
#include "shader.h"
struct point light shadow {
miColor light color;
DLLEXPORT
int point_light shadow_version(void) { return 1; }
DLLEXPORT
miBoolean point_light shadow (

miColor *result, miState *state, struct point_light_ shadow *params )
{

*result = *mi_eval_color(&params->light_color);
return mi_trace_shadow(result, state);
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Scenes using shader point light shadow Home
Click on the chapter title to see all the scenes in that chapter. Click on a filename to display or download that scene file.

Chapter 10: The color of edges

contours_4.mi
contours_15.mi
contours_1l6.mi

Chapter 11: Lights

L4

lights 4.mi
lights 8.mi

Chapter 12: Light on a surface

shading 1l.mi
shading_2.mi
shading 3.mi
shading_4.mi
shading_5.mi
shading 6.mi
shading_7.mi

Chapter 13: Shadows

shadows_1.mi
shadows_2.mi
shadows_A.mi
shadows_B.mi
shadows_C.mi
shadows_Cl.mi
shadows_D.mi
shadows_E.mi
shadows_F.mi
shadows_G.mi

Chapter 19: Creating geometric objects

ol I
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Shader lambert Scenes  Home

Click on the filename to display or download the file.

lambert.mi

declare shader
color "lambert" (
color "ambient" default 0 0 O,
color "diffuse"” default 1 1 1,
array light "lights" )
version 1
apply material
end declare

lambert.c

#include "shader.h"
#include "miaux.h"

struct lambert ({

miColor ambient; o
miColor diffuse;
int i light;
int n_light;
miTag light[1l];
};
DLLEXPORT

int lambert_version(void) { return 1; }

DLLEXPORT
miBoolean lambert (

miColor *result, miState *state, struct lambert *params )
{

int i, light count, light sample count;
miColor sum, light color;

miScalar dot nl;

miTag *light;

miColor *diffuse = mi_eval_ color(&params->diffuse);
miaux light_ array(&light, &light_count, state,

&params->i_light, &params->n_light, params->light);
*result = *mi_eval color(&params->ambient);

for (i = 0; i < light_count; i++, light++) ({
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Shader lambert Scenes  Home

Click on the filename to display or download the file.

lambert.mi

declare shader
color "lambert" (
color "ambient" default 0 0 O,
color "diffuse"” default 1 1 1,
array light "lights" )
version 1
apply material
end declare

lambert.c

#include "shader.h"
#include "miaux.h"

struct lambert ({

miColor ambient; o
miColor diffuse;
int i light;
int n_light;
miTag light[1l];
};
DLLEXPORT

int lambert_version(void) { return 1; }

DLLEXPORT
miBoolean lambert (

miColor *result, miState *state, struct lambert *params )
{

int i, light count, light sample count;
miColor sum, light color;

miScalar dot nl;

miTag *light;

miColor *diffuse = mi_eval_ color(&params->diffuse);
miaux light_ array(&light, &light_count, state,

&params->i_light, &params->n_light, params->light);
*result = *mi_eval color(&params->ambient);

for (i = 0; i < light_count; i++, light++) ({
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#include "shader.h"
#include "miaux.h"

struct lambert {
miColor ambient;
miColor diffuse;
int i _light;
int n_light;
miTag light[1l];
}i

DLLEXPORT
int lambert version(void) { return 1; }

DLLEXPORT
miBoolean lambert (

miColor *result, miState *state, struct lambert *params )
{

int i, light_count, light_sample_count;

miColor sum, light color;

miScalar dot nl;

miTag *light;

miColor *diffuse = mi_eval color(&params->diffuse);
miaux light array(&light, &light count, state,

&params->i light, &params->n_light, params->light);
*result = *mi_eval color(&params->ambient);

for (i = 0; i < light count; i++, light++) {
miaux_set channels(&sum, 0);
light_sample count = 0;
while (mi_sample light(&light color, NULL, &dot_nl,
state, *light, &light sample_ count))
miaux_add_diffuse component(&sum, dot_nl, diffuse, &light color);
if (light_sample count)
miaux_add_scaled_color(result, &sum, 1.0/light_sample count);

}
return miTRUE;
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Click on the filename to display or download the file.

lambert.mi

declare shader
color "lambert" (
color "ambient" default 0 0 O,
color "diffuse"” default 1 1 1,
array light "lights" )
version 1
apply material
end declare

lambert.c

#include "shader.h"
#include "miaux.h"

struct lambert ({

miColor ambient; o
miColor diffuse;
int i light;
int n_light;
miTag light[1l];
};
DLLEXPORT

int lambert_version(void) { return 1; }

DLLEXPORT
miBoolean lambert (

miColor *result, miState *state, struct lambert *params )
{

int i, light count, light sample count;
miColor sum, light color;

miScalar dot nl;

miTag *light;

miColor *diffuse = mi_eval_ color(&params->diffuse);
miaux light_ array(&light, &light_count, state,

&params->i_light, &params->n_light, params->light);
*result = *mi_eval color(&params->ambient);

for (i = 0; i < light_count; i++, light++) ({
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Click on the filename to display or download the file.

lambert.mi

declare shader
color "lambert" (
color "ambient" default 0 0 O,
color "diffuse"” default 1 1 1,
array light "lights" )
version 1
apply material
end declare

lambert.c

#include "shader.h"
#include "miaux.h"

struct lambert ({

miColor ambient; o
miColor diffuse;
int i light;
int n_light;
miTag light[1l];
};
DLLEXPORT

int lambert_version(void) { return 1; }

DLLEXPORT
miBoolean lambert (

miColor *result, miState *state, struct lambert *params )
{

int i, light count, light sample count;
miColor sum, light color;

miScalar dot nl;

miTag *light;

miColor *diffuse = mi eval color(&params->diffuse):
miaux light array(&light, &light_count, state,
&params->i_light, &params->n_light, params->light);

TLCoUlL T Ul ©vdadl CULUL (apalalloTsalllvlicliic ),

for (i = 0; i < light_count; i++, light++) ({
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*result = *mi_eval color(&params->ambient);

for (i = 0; i < light_count; i++, light++) {
miaux_set_channels(&sum, 0);
light_sample_count = 0;
while (mi_sample_light(&light_color, NULL, &dot_nl,
state, *light, &light_sample_count))
miaux_add diffuse_component(&sum, dot_nl, diffuse, &light color);
if (light_sample_count)
miaux_add scaled color(result, &sum, 1.0/light sample count);

}

return miTRUE;

lambert_util.c

void miaux_light array(miTag **lights, int *light count, miState *state,
int *offset param, int *count_ param, miTag *lights_param)

{
int array offset = *mi eval integer(offset param);
*1ight count = *mi_eval integer(count param);
*1lights = mi_eval tag(lights_param) + array offset;
}
void miaux_set_channels(miColor *c, miScalar new_value)
{
¢->r = ¢c->g = ¢->b = c->a = new_value;
}

void miaux_add_diffuse_component(
miColor *result,
miScalar light_and_surface_cosine,
miColor *diffuse, miColor *light_color)

{
result->r += light and surface cosine * diffuse->r * light color->r;
result->g += light and surface cosine * diffuse->g * light color->g;
result->b += light and surface cosine * diffuse->b * light color->b;
}

void miaux_add_scaled_color(miColor *result, miColor *color, miScalar scale)
{

result->r += color->r * scale;

result->g += color->g * scale;

result->b += color->b * scale;

22 April 2008 234007
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*result = *mi_eval color(&params->ambient);

for (i = 0; i < light_count; i++, light++) {
miaux_set_channels(&sum, 0);
light_sample_count = 0;
while (mi_sample_light(&light_color, NULL, &dot_nl,
state, *light, &light_sample_count))
miaux_add diffuse_component(&sum, dot_nl, diffuse, &light color);
if (light_sample_count)
miaux_add scaled color(result, &sum, 1.0/light sample count);

}

return miTRUE;

lambert_util.c

void miaux_light array(miTag **lights, int *light count, miState *state,
int *offset param, int *count_ param, miTag *lights_param)

{
int array offset = *mi eval integer(offset param);
*1ight count = *mi_eval integer(count param);
*1lights = mi_eval tag(lights_param) + array offset;
}
void miaux_set_channels(miColor *c, miScalar new_value)
{
¢->r = ¢c->g = ¢->b = c->a = new_value;
}

void miaux_add_diffuse_component(
miColor *result,
miScalar light_and_surface_cosine,
miColor *diffuse, miColor *light_color)

{
result->r += light_and surface cosine * diffuse->r * light color->r;
result->g += light and surface cosine * diffuse->g * light color->g;
result->b += light and surface cosine * diffuse->b * light color->b;
}

void miaux_add_scaled_color(miColor *result, miColor *color, miScalar scale)
{

result->r += color->r * scale;

result->g += color->g * scale;

result->b += color->b * scale;
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Writing mental ray shaders
A perceptual introduction

This website provides additional resources for the book Writing mental ray shaders: A perceptual introduction. It
includes all the shader source code and scene files described in the book, available for you to download. These
pages will also help you understand where and how the shaders are used in the example scenes throughout the
book. In the page for a shader, the scenes that use it are linked; conversely, in the page for a scene, the shadets
used by that scene are linked. The book’s bibliography is also duplicated here, but with the addition of links to
the original papers and books that it references. I am also adding material beyond what is covered in the book to
this site, including teaching materials as well as additional shaders that extend ideas presented in the book or
based on new shader ideas suggested by readers. The book includes a CDROM that contains a complete
version of mental ray

Andy Kopra

mental images
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Getting started
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Downloading examples from the book
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Shader compilation on various platforms
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A few notes on programming style
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Framebuffers — new strategies and syntax in mental ray 3.6 Home

Chapter 25 demonstrates how rendering components can be saved into separate files using framebuffers. This page describes the simplified scene
file syntax for the definition of framebuffers introduced in mental ray version 3.6 as well as the use of geometry shaders in framebuffer definition.

A review of framebuffer use prior to version 3.6

In releases of mental ray prior to 3.6, framebuffers defined by the user are identified by integer indices, and named simply by preceding the
framebuffer index with the string “fb”. These names are defined in the options block of the scene, for example, in lines 7-9 in this set of options
statements from scene file buffer_5.mi from Chapter 25.

1 options "opt"

2 object space

3 contrast .1 .1 .11

5 samples 0 2

5 finalgather on

6 finalgather accuracy 50 2 .5
7 frame buffer 0 "+rgba"

8 frame buffer 1 "+rgba"

9 frame buffer 2 "+rgba"

0 end options

During rendering, shaders can access framebuffers using the API functions mi_fb_put() and mi_£b_get (). For example, Chapter 25 defines the
shader framebuffer_put that simply passes along the color in the result pointer, but with the side effect of storing the color in a framebuffer
withmi fb put() in line 7:

1 miBoolean framebuffer put(

2 miColor *result, miState *state, struct framebuffer put *params)
3 A

4 *result = *mi_eval_color(&params->color);

5

6 if (state->type == miRAY EYE)

7 mi_fb_put(state, *mi_eval_integer(&params->index), result);
8

9 return miTRUE;

10 }

When rendering is done, framebuffers are written to the files defined by “output statements” in the camera:




Website support for the book’s software

The “Scenes’ section contains a rendered
scene for all the examples in the book.
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Scene files Home

All the scene files for Writing mental ray shaders may be downloaded from the links below, organized by chapter. You can also download the entire

set of scene files and the other files they reference (textures, objects, particle datasets, and voxel datasets) through the “Downloading examples from
the book™ page.

The zip-compressed file contains within it other zip files; the fully uncompressed set of files is quite large (due primarily to the voxel data files from
Chapter 23). The filenames of the comptessed files all end with a .zip extension.

You can also download individual scenes from the links below. The additional files referenced by the scenes are listed at the beginning of each

chapter. Several of the files (the textures, for example) are used throughout the book, but they are listed for each chapter in which they are used for
reference.

Part 1: Structure

Chapter 4: Shaders in the scene

Part 2: Color

Chapter 5: A single color

Chapter 6: Color from orientation
Chapter 7: Color from position

Chapter 8: The transparency of a surface
Chapter 9: Color from functions

Chapter 10: The color of edges

Part 3: Light

Chapter 11: Lights

Chapter 12: Light on a surface
Chapter 13: Shadows

Chapter 14: Reflection

Chapter 15: Refraction

Chapter 16: Light from other surfaces

Part A« Shane 3
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Scene files Home

All the scene files for Writing mental ray shaders may be downloaded from the links below, organized by chapter. You can also download the entire

set of scene files and the other files they reference (textures, objects, particle datasets, and voxel datasets) through the “Downloading examples from
the book™ page.

The zip-compressed file contains within it other zip files; the fully uncompressed set of files is quite large (due primarily to the voxel data files from
Chapter 23). The filenames of the comptessed files all end with a .zip extension.

You can also download individual scenes from the links below. The additional files referenced by the scenes are listed at the beginning of each

chapter. Several of the files (the textures, for example) are used throughout the book, but they are listed for each chapter in which they are used for
reference.

Part 1: Structure

Chapter 4: Shaders in the scene

Part 2: Color

Chapter 5: A single color

Chapter 6: Color from orientation
Chapter 7: Color from position

Chapter 8: The transparency of a surface
Chapter 9: Color from functions

Chapter 10: The color of edges

Part 3: Light

Chapter 11: Lights

Chapter 1Z2: Light on a surface
Chapter 13: Shadows

Chapter 14: Reflection

Chapter 15: Refraction

Chapter 16: Light from other surfaces

Part A« Shane 3
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lambert
point_light

lights_1l.mi

lambert
point_light

lights_2.mi

lambert
one_color

lights_3.mi

lambert
point_light_ shadow
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lambert
point_light

llghts l.mi

lambert
point_light

lights_2.mi

lambert
one_color

lights_3.mi
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point_light_ shadow
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o

# mental ray scene file from "Writing mental ray shaders"”
# http://www.writingshaders.com/scene catalog.html

verbose on

link "lambert.so"
Sinclude "lambert.mi”
link "point light.so"
$include "point light.mi"

options "opt"
object space
contrast .1 .1 .1 1
samples 0 2

end options

light "white_light"
"point_light" ()
origin 2 2 5

end light

instance "light instance"”
"white_light"
end instance

material "brown" opaque

"lambert" (
"diffuse" 1 .95 .7,
"lights" ["light_instance"]

)

end material

material "red" opaque

"lambert" (
"diffuse" 1 .4 .4,
"lights" ["light_instance"]

)

end material

material "yellow" opaque

"lambert" (
"diffuse" 1 1 .4,
"lights" ["light_instance"]

)

end material

material "blue" opaque

"lambert" (
"diffuse" .4 .4 1,
"lights" ["light_instance"]

€

A
v
A




800 Chapter 11: Lights

EB <{ http:/ fwww.writingshaders.com/scene_catalog_files/chapter_11.html O BQ- Google

Chapter 11: Lights Previous Next Chapters Home

lambert
point_light

lights_1l.mi

lambert
point_light

lights_2.mi

lambert
one_color

lights_3.mi

lambert
point_light_ shadow




800 Chapter 11: Lights

EB <{ http:/ fwww.writingshaders.com/scene_catalog_files/chapter_11.html O BQ- Google

Chapter 11: Lights Previous Next Chapters Home

lambert
point_light

lights_1l.mi

lambert
point_light

lights_2.mi
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Click on the filename to display or download the file.

lambert.mi

declare shader
color "lambert" (
color "ambient" default 0 0 O,
color "diffuse"” default 1 1 1,
array light "lights" )
version 1
apply material
end declare

lambert.c

#include "shader.h"
#include "miaux.h"

struct lambert ({

miColor ambient; o
miColor diffuse;
int i light;
int n_light;
miTag light[1l];
};
DLLEXPORT

int lambert_version(void) { return 1; }

DLLEXPORT
miBoolean lambert (

miColor *result, miState *state, struct lambert *params )
{

int i, light count, light sample count;
miColor sum, light color;

miScalar dot nl;

miTag *light;

miColor *diffuse = mi_eval_ color(&params->diffuse);
miaux light_ array(&light, &light_count, state,

&params->i_light, &params->n_light, params->light);
*result = *mi_eval color(&params->ambient);

for (i = 0; i < light_count; i++, light++) ({
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Shader point light Scenes  Home

Click on the filename to display or download the file.

point_light.mi

declare shader
color "point light" (
color "light color" default 1 1 1 )
version 1
apply light
end declare

point_light.c
#include "shader.h"
struct point_ light {
miColor light color;
DLLEXPORT
int point_ light version(void) { return 1; }
DLLEXPORT
miBoolean point_light (

miColor *result, miState *state, struct point_light *params )
{

*result = *mi_eval_color(&params->light_color);
return miTRUE;

22 April 2008 234003
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Texture: octatile.tif
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one_color
specular_reflection
texture_uv
point_light

lambert

one_ color
specular_reflection
texture_uv
point_light

reflection_2.mi

lambert

one_color

specular reflection
texture_uv

point light

reflection_3.mi 3
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Website support for the book’s software

The “Reference” section contains slides for
use in teaching and links for the book’s
bibliography.
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Teaching materials

Slides for lectures

Home

If you are a teacher and would like to use Writing mental ray shaders in the classroom, I have reformatted the book’s diagrams and code as a set of
PDF files that can be used in classroom lectures.

Introduction |[WMRS_part0_ introduction april 2008.pdf
Structure WMRS_partl_structure_april_ 2008.pdf
Color WMRS_part2_color_april 2008.pdf

Light WMRS_part3_light_ april 2008.pdf

Shape WMRS_part4_shape april 2008.pdf

Space WMRS_part5_space_april 2008.pdf

Image WMRS_part6_image april 2008.pdf

The lectures use the shaders and scene files from the book as well as some additional matetial you can download.

Additonal lecture resources

WMRS_lectures_extra_april_2008.zip

Examples of the lecture slides

Using shaders in the scene file

Anonymous shaders

Shader called directly in the material

Named shaders

Shader defined for later reference

Shader lists

Accumulation of shader results

Shader graphs

Shaders used as input to other shaders

Phenomena
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Examples of the lecture slides

Using shaders in the scene file

Anonymous shaders

Shader called directly in the material
Named shaders

Shader defined for later reference
Shader lists

Accumulation of shader results
Shader graphs

Shaders used as input to other shaders
Phenomena

Formalized shader graphs

The environment of the scene Environment shaders for cameras and objects

shader “pink_sunset”
*color_ramp*

8" [ 0.3 0.3

Different environment shaders used for the camera and object

Rendering image components Definition and use of frame buffers
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Formalized shader graphs

The environment of the scene Environment shaders for cameras and objects

end mat 1 |

Different environment shaders used for the camera and object

Rendering image components Definition and use of frame buffers

2. Get and put frame buffer pixels |

n an hadar
miColor a, 1] \
sa)s |
Memory

aby s |

0, 1, kc))
pti - 1

) ./// ot (state, 1, bd)1

R L framebuffer o 4 -

"+rgba”}

snd options T Sramebuffer 1 \

1. Create frame buffers in memory

3. Write frame buffers to file

Interaction of the scene file and shaders in the use of frame buffers
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The quality of computer generated images of three-dimensional scenes depends on the shading technique used
to paint the objects on the cathode-ray tube screen. The shading algorithm itself depends in part on the method
for modeling the object, which also determines the hidden surface algorithm. The various methods of object
modeling, shading, and hidden surface removal are thus strongly interconnected. Several shading techniques
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here. Human visual perception and the fundamental laws of optics are considered in the development of a
shading rule that provides better quality and increased realism in generated images.
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HOME From movies to video games, computer-rendered images are pervasive today. Physically Based Rendering introduces the concepts and
AUTHORS theory of photorealistic rendering hand in hand with the source code for a sophisticated renderer. By coupling the discussion of rendering .
algorithms with their implementations, Matt Pharr and Greg Humphreys are able to reveal many of the details and subtleties of these BUV it!

FAQ algorithms. But this book goes further; it also describes the design strategies involved with building real systems—there is much more to
CONTENTS writing a good renderer than stringing together a set of fast algorithms. For example, techniques for high-quality antialiasing must be M {‘

BIBLIOGRAPHY considered from the start, as they have implications throughout the system. The rendering system described in this book is itself highly

REVIEWS readable, written in a style called literate programming that mixes text describing the system with the code that implements it. Literate

ERRATA programming gives a gentle introduction to working with programs of this size. This lucid pairing of text and code offers the most complete @mMazoncom.
DOWNLOADS and in-depth book available for understanding, designing, and building physically realistic rendering systems.

GALLERY For a preview, download Chapter 7, "Sampling and Reconstruction". BARNESS NOBLED

MAILING LISTS

FORUMS News

BUG TRACKING
LINKS

June 28,2008
luxrender, a GPL Open Source fork of pbrt, has released version 0.5 with many new features, including full spectral rendering, bidirectional path
tracing, a hierarchical material and texture system, displacement mapping, and much more.

November 18, 2007
Check out luxrender, a GPL Open Source fork of pbrt. The project seems to be off to a strong start and there are some amazing images in the
gallery.

July 4,2007
The long-awaited 1.03 patch release of pbrt has been released. See the downloads page.

August 12,2006
A number of cool new renderings have been added to the gallery page.

January 9, 2006
Mark Colbert has updated his Maya plugin that exports Maya scenes to pbrt and renders them inside Maya to both support Maya under Windows
and Maya under OS X.

May 17,2005
A Mathematica-to-PBRT exporter has been released. See the downloads page.

April 25,2005
The long-delayed first patch release of the pbrt source code has been released. This release fixes a number of bugs found by readers and the
authors in the first 6 months after the book's publication. See the downloads page for links to the source code and information about the fixes in
this release.

April 25,2005
A new photon mapping plugin, implmenting many improvements to the photon mapping implementation described in the book, has been added to
the plugins page.

February 14,2005
Physically Based Rendering has won an Honorable Mention in in the Computer and Information Science category from the The Professional and

Scholarly Publishing Division of the Association of American Publishers Awards. The award winners in each category were selected for their
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The CDROM included with the book

A fully functional version of mental ray Is
Included on the CDROM.
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Writing mental ray shaders
A perceptual introduction

Install the fully functional mental ray® demo version

This CDROM contains a fully functional version of mental ray and a license that will allow you to run it on your
computet. The installation process will copy mental ray and the SPM licensing software to your file system. If you
are currently attached to the Web, a license will be requested from mental images and sent back to your computer.
You will then be able to render with mental ray.

Enter the CDROM version of the book’s website

The shader source code, scene files, other data, and additional explanations are available on the book’s website at
http:/ /www.writingshaders.com/. This CDROM also contains a copy of the on-line website made when the
book was published. Once you’ve installed the software and license, you can compile the example shaders and
start rendering the scene files with mental ray.

mental images®, mental ray®, menal mill®, MenSL™, Phenomena™, and Phenomenon™ are wrademarks or, in some countries, registered trademarks of mental inages GmbH, Berlin, Germany.

http://www.writingshaders.com/




eno Writing mental ray shaders

CLe)E

& file:///Volumes /mentalray/index.html - Q-

Writing mental ray shaders
A perceptual introduction

Install the fully functional mental ray® demo version

This CDROM contains a fully functional version of mental ray and a license that will allow you to run it on your
computet. The installation process will copy mental ray and the SPM licensing software to your file system. If you
are currently attached to the Web, a license will be requested from mental images and sent back to your computer.
You will then be able to render with mental ray.

Enter the CDROM version of the book’s website

The shader source code, scene files, other data, and additional explanations are available on the book’s website at
http:/ /www.writingshaders.com/. This CDROM also contains a copy of the on-line website made when the
book was published. Once you’ve installed the software and license, you can compile the example shaders and
start rendering the scene files with mental ray.

mental images®, mental ray®, menal mill®, MenSL™, Phenomena™, and Phenomenon™ are wrademarks or, in some countries, registered trademarks of mental inages GmbH, Berlin, Germany.

http://www.writingshaders.com/
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Writing mental ray shaders
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If you want to install mental ray, please read the software license first:

Software End User License

Please select your operating system version from the following list to install mental ray on your computer:
Linux x86

Linux x86-64

Mac OS X (x86, PPC)

Mac OS X 64bit (x86, PPC)

Windows x86 (XP, Vista)

Windows x86-64 (XP64, Vistat4)

Return to main page

mental images®, menl ray®, menal mill®, MeaSL™, Phenomena™, and Phenomenon™ are rrademarks or, in some counrries, registered mrademarks of mental images GmbH, Berlin, Germany.

http://www.writingshaders.com/
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Writing mental ray shaders
A perceptual introduction

This website provides additional resources for the book Writing mental ray shaders: A percetual introduction, It
includes all the shader source code and scene files descrabed in the book, available for you 10 download. These
pages will also help you understand where and how the shaders are used in the example scenes throughout the
book. In the page for a shader, the scenes that use it are linked; conversely, in the page for a scene, the shaders
used by that scene are linked, The book's bibl hy is also duplicated here, but with the addition of links w
the original papers and books that it references. | am also adding material beyond what is covered in the book w0
this site, including teaching materials as well as additional shaders that extend ideas presented in the book or
based on new shader ideas suggested by readers. The book includes a COROM that conmins a complete
wversion of mental ray

Andy Kopra
mental images
Background
Getting started
The book’s COROM
Downloading examples from the book

Shaders

Shader compilation on various platforms

¢1 SpringerV

Shader source files

Additional shaders
A few notes on programming style
Scenes
Accessing custom shaders during rendering
Scene files

Reference
Teaching materials
Bibliography







