Manual

Shader—Evolver

Markus Reinhardt

30. Juli 2004



Inhaltsverzeichnis

1 Shader—Evolver

1.1 Systemrequirements . . . . . . . . . .. e e

1.2 Configurationfiles . . . . . . . . . . ...
1.2.1 settings.cfg . . . . . . . . ..
1.2.2 datatypesxml . . . . . . ...
1.2.3 parameters.xml . . . . . ..
1.2.4 operators.xml . . . . . ..
1.25 template.cg . . . . . . . . .

1.3 Userinterface . . . . . . . . . . ... e
1.31 Commandline (1) .. ... ... . . ... ..
1.3.2 Enterbutton(2) .. ... .. .. .. . ...
1.3.3 Storageregisters(3)und(4) . . . . .. ... oo
1.34 Evolvebutton(5) . . .. ... ... ...
1.35 Undobutton(6) . . . ... ... . . ..
1.3.6 Selectedindividual (7) . . . . .. ... ... ... ... ... ...
1.3.7 Fitnessslider(8) . ... .. ... . ... .. ... .. ... ...,

1.4 Commandlineoptions . . . . . . . . . . . . ... .. e

1.5 Hotkeys . . . . . . . . . . e

1.6 Directorystructure . . . . . . . . . ..

2 Development environment

3 Credits

© 0o~ ;g UTwWww

©o ©

©



1 Shader—Evolver

1.1 System requirements
Minimal system:

¢ Intel Pentium/Celeron or AMD Athlon/Duron or m compatibléhv1200 MHz

e 128 MB RAM

e Graphicsboard supporting the OpenGL extension GL_ARB_VER PROGRAM
and GL_NV_register_combinér@Geforce 4x and higher) unterstiitzt

Recommended system:

¢ Intel Pentium/Celeron or AMD Athlon/Duron or m compatiblé&m2400 MHz

e 256 MB RAM

e Graphicsboard supporting the OpenGL extension GL_ARB_WER PROGRAM
and GL_ARB_FRAGMENT_PROGRA/M(Geforce FX / Radeon 9500 and higher)

1.2 Configuration files

This tool is designed to leave as much freedoms as possibladocomposition of the ex-

periments. Therefore exist a number of configuration fildsictv may be adapted to the re-
spective requirements. The Shader-Evolver is a tool whadsdot claim to be bug free or
user-friendly. Wrong usage of these files may lead to unptablie program behavior.

1.2.1 settings.cfg

This file contains key/value pairs. Some of these are defigg@Adib others are needed for
the tool to work properly.

e population_size
The size of the population in individuals (shaders). Needsetin the range 1-200.

e genome_size
This value defines the size of one indiviual in integer valugsger numbers lead to
higher variation of the resultion shader programs. Too bagmams may not work on
all graphics hardware.

Thttp://oss.sgi.com projects/ogl-sanple/registry/ ARB/ vertex_program t xt

2 http://oss.sgi.cont projects/ogl-sanple/registry/NV/register_comnbiners.
t xt

Shttp://oss.sgi.con projects/ogl-sanpl e/ registry/ ARB/ vertex_program t xt

4http://oss.sgi.con projects/ogl-sanple/registry/ ARB/ fragment _program t xt



mutation_probability
Defines the probability for mutations. Negativ values gatnsformed as follows:

|mutation_probability|

Pmut = :
genome_size

For every individualmutation_probability| genes are mutated in this case.

crossover_probability
Probability for crossover operation.

selection_method
There are five possible values for this key.
Seehttp://lancet. mt.edu/galib-2.4/APl. htm #sel ecti on

— RANK

— ROULETTEWHEEL
— TOURNAMENT

— UNIFORM

- SRS

- DS

vertex_shader

If this parameter has the value [EVOLVE], the Shader—Ewvotiees evolution on ver-
tex shaders. Otherwise the value has to be a valid vertexesladrce file, which should
be used.

pixel_shader

If this parameter has the value [EVOLVE], the Shader—Ewvaliaes evolution on pixel
shaders. Otherwise the value has to be a valid pixel shaderestile, which should be
used.

Important
Only one of the two keys vertex_shader or pixel_shader avatl to have the value
[EVOLVE].

vertex_shader_config_dir
This is the directory in which files datatypes.xml, paramsetenl, operators.xml and
template.cg, used for vertex shader evolution, are located

pixel_shader_config_dir
This is the directory in which files datatypes.xml, paramsetanl, operators.xml and
template.cg, used for pixel shader evolution, are located



1.2.2 datatypes.xml

This config file is used to prevent, that undefined datatypsuaesl in the following files.
Only values insidet y pe> elements are valid datatypes in operators.xml and parasnatd.
The dataypst ype>OPEN</ t ype> has a special meaning, which will be explained later on
(siehe Kapitel 1.2.4, Seite 6).

Listing 1: datatypes.xml

<?xml version="1.0" standalone="yes"?>
<datatypes >

<type >OPEN</type >

<type >float </type >

<type >float3 </type >
</datatypes >

1.2.3 parameters.xml

This configuration file defines the parameter sgtdr anet er >). The scheme is intuitive.

Every parameter needs a name for the variable it represeras ( abl e>), atype &t ype>,
has to be defined in datatypes.xml) and one inital vaduen( t >). This is the value, that the
parameter gets assigned at Cg program initialization.ifilaiization is not needed, because
the variable is already defined in the template for exampl@j t >NONE</ i ni t > needs to
be denoted.

One additional and optional fieldaccess>. To flag output parameteraccess>0UT</ access>
is used. Output parameters are only used once at the end Gftheogram as Ivalues.

Listing 2: parameters.xml

<?xml version="1.0" standalone="yes"?>
<parameters >
<parameter>
<init >NONE</init >
<type>float3 </type >
<variable >v.xyz </variable >
</parameter>
<parameter>
<init>normalize ( mul( modelViewlnverse , IN.normal ).xy3;
</init>
<type>float3 </type >
<variable >normalVec </variable >
</parameter>
<parameter>
<init >dot( normalVec, halfVec );</init>
<type>float </type>
<variable >specular </variable >
</parameter>
<parameter>



<init>lit( diffuse , specular, 32 );</init>
<type>float3 </type >
<variable >lighting </variable >
</parameter>
<parameter>
<init >NONE</init >
<type >float </type >
<variable >animator </variable >
</parameter>
<parameter>
<init >NONE</init >
<type >float3 </type >
<variable >OUT. color0 .xyz </variable >
<access>out </access >
</parameter>
</parameters >

1.2.4 operators.xml

The command set is saved in this XML—file. On singel commatapgér at or >) consists
of a name €nane>) and exactly onegsynt ax>) block containing one command block
(<command>) and nothing else. This is the default syntax.

Listing 3 shows the operatdbv. It has the default synta3%d = %2. This is a intuitive
definition which means, that the first paramefét Y gets assigned the value of the second one
).

This operator also has another syntax defined. In additidretoommand block, it contains
one type definition<t y pe>) for every parameter that this operator needs. Based on tive M
example it means the following:

If the first parameter is of typkl oat and the second on of tydd oat 3, not the default
syntax, bud = 9%2. x is used. The x component of a three dimensional vertex igasdi
to a floating point variable. Additional syntax definitiongyrprevent type mismatches.

The third syntax of the Mov operator shows the contrary casertex gets assigned the va-
lue of a one dimensional value. This shows, that placehslideparameter may occur several
times. Evern® gets replaced by the name of the second parameter. The sigftations are
the place, where the tyg@PEN comes into play.

If one variable may be of arbitrary typet ype>0PEN</ t ype> may be specified. This
may save several syntax definitions in some cases.

Listing 3: operators.xml

<?xml version="1.0" standalone="yes"?>
<operators >
<operator >
<name>Mov</name>
<syntax >
<command>%l = %?2;</command>



</syntax >
<syntax >
<command>%1 = %2.x; </command>
<type >float </type >
<type >float3 </type >
</syntax >
<syntax >
<command>%l = ( %2, %2, %2 ); </command>
<type >float3 </type >
<type >float </type >
</syntax >
</operator >
<operator >
<name>Add </name>
<syntax >
<command>%1 = %1 + %2;</command>
</syntax >
</operator >
</operators >

1.2.5 template.cg

This is the template for every generated shader. The onlpitapt point is, that the tag
%ENERATED SHADER%is contained in this file. The generated vertex/pixel shadeie
is inserted at this position.

Listing 4: template.cg

struct appin {

float4 position : POSITION;
float4 color0 : COLORO;
float4 normal : NORMAL;
float4 texcoord0 : TEXCOORDO;

h

struct vertout {
float4 position : POSITION;
float4 color0 : COLORO;
float4 colorl : COLOR1;
float4 texcoordO : TEXCOORDO;
float4 texcoordl : TEXCOORDI;

h

vertout main( appin IN, uniform float4x4 modelViewProj,
uniform float4x4 modelViewlnverse , uniform float animarto) {
vertout OUT;
float4 v = IN. position;
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Abbildung 1: screenshot of the user interface

/Il die folgenden Marke wird der

/l/ durch das Programmfragment ersetzt.
%GENERATED_SHADERY%

OUT. position = mul(modelViewProj, v );
OUT. texcoordO0 = IN.texcoordO;

OUT. texcoordl = IN.texcoordO ;

return OUT;

1.3 User interface

Figure 1 shows a screenshot of the user interface. In theAfoih all functions will be explai-
ned. Im Folgenden werden die einzelnen Funktionen bedmhrieAgain attention is invited
to the point that this software is not optimized for usatilit is only a tool.

1.3.1 Command line (1)

Commands may be entered here. Up to now, four commands asilaos

e Store a population:
The command w <fi | ename> stores the complete population (all visible individu-
als) to disk.



e Load a populationen:
The command e <fi | enanme> loads a previously save population into the user in-
terface. The actual population gets discarded.

e Store an individual:
The command ws <fi | enane> stores the selected individual to disk.

e Load an individual:
The command es <fi | enanme> loads a saved individual and replaces the selected
one.

1.3.2 Enter button (2)

Submits the commands entered at (1). Alternatively the <ERY key may be used.

1.3.3 Storage registers (3) und (4)

There are two individual quicksave registers. M1 memorikeselected individual. R1 repla-
ces the selected shader by recalling the saved one. M2 undoR2l@ the same functionality.

1.3.4 Evolve button (5)

This button performs one evolution step. This is not possilblall individuals have a fitness
value of zero. Alternatively the E key may be used.

1.3.5 Undo button (6)

The undo function refers to the evolution. Its possible &taee all previous population till the
initial one.

1.3.6 Selected individual (7)

A red border marks the selected individual.

1.3.7 Fitness slider (8)

This slider allows to set the fitness value of one individual.

1.4 Command line options

Most of the options are defined in the configuration files. €hee only two command line
values.

e -V: shows some verbose runtime information

e -v2: even more verbose runtime information



1.5 Hot keys

The following shortcuts are defined

e W: switch from fullscreen to window display mode

F: switch from window to fullscreen display mode

S: switch shader usage on/off

B: switch skybox rendering on/off

O: switch through three possible objects (plane, spherayju

e C: switch command interpreation mode

1.6 Directory structure

The following shows the directory structure of Shader—ksol
e bin — The runtime files and libraries are located here.

e config— Contains the main configuration file settings.cfg and &althtl directories for
different predefined vertex— and pixel shader configuration
— pixShader— standard pixel shader which simply passes the color value
— pixShader_texture— pixel shader which does some texturing

— pixShader_refract— pixel shader which ought to be used with vertShader_refrac
Calulates light reflections in glass objects.

— vertShader — standard vertex shader. Calculates ModelView transfoomand
passes texture coordinates and color values to the pixéésha

— vertShader_lighting — vertex shader, which calculates lighting.
— vertShader_refract— vertex shader for glass objects.

doc— contains this documentation

generated_shaders- This folder contains temporary at runtime generated gisadbe
filenames are shader0.cg - shaderXX.cg, where XX is the anwactually displayed
shaders. At each program start, old files get overwritten.

gfx — Contains the needed textures.

save— All user saved shaders/populations go to this folder.

— populations — Populations as .pop file. The subdirectountime contains the
populations needed by the undo function.
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— shaders— All saved shaders. Every shader is represented by one lgndavhich
stores the integer values and one .cg file, which contain€thsourcecode and
may be used directly in other applications. The subdirgctantime contains
shaders, which are stored in the quicksave registers.

2 Development environment

Compiler:

gcc for Linux respectively Windows.

IDE:

Dev—C+- for Windows, make for Linux.

Additional modules:
e OpenGL and GLUT libraries
¢ CenterPoint - XML
e GAlib® for evolutionary computing

e Cqg libraries’

3 Credits

Special thanks go to Dr. Marc Ebner and Prof. Dr. Jurgen AlierLehrstuhl fir Informatik
[I" at the University of Wirzburg, Germany. The idea of ugievolutionary computing to ge-
nerate vertex and pixel shaders originated by Dr. Marc E@res software and composition
was worked out by me, Markus Reinhardt, during a three morattical.

For further information, new program versions and commesgkto contact me.
http://shader-evol ver. bi t map-fri ends. de.
mai | to: mrei nhardt @it map-friends. de

Shttp://gcc. gnu. org/

htt p: // ww. bl oodshed. net / dev/

"ht t p: // www. cpoi nt c. com XM/

8http:/ /1 ancet. nit. edu/ ga/

°htt p: // devel oper. nvi di a. con? obj ect/cg_tool kit.htm
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