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1 .gitignore

GL
g l f
g l i

5 glm
s r c /glm
s r c / ru f f −render −gl − fp32
s r c / ru f f −render −gl − fp64

2 README

g i t c l one g i t : // ogl −samples . g i t . s ou r c e f o r g e . net / g i t r o o t / ogl −samples / ogl −samples
g i t c l one http :// code . mathr . co . uk/ ru f f −render −g l . g i t
cd ru f f −render −g l
ln −s . . / ogl −samples / ex t e rna l /glew −1 .7 . 0/ in c lude /GL/

5 ln −s . . / ogl −samples /common/ g l f /
ln −s . . / ogl −samples / ex t e rna l / g l i −0 . 3 . 1 . 0 / g l i /
ln −s . . / ogl −samples / ex t e rna l /glm −0 . 9 . 2 . 4 / glm/
cd s r c
mkdir −p glm/ gtc

10 touch glm/ gtc /random . hpp
make
# 32 b i t f l o a t (OpenGL 3 . 3 )
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. / ru f f −gl −render − fp32
# 64 b i t f l o a t (OpenGL 4 . 0 )

15 . / ru f f −gl −render − fp64

3 src/fp32/colour.frag

#ver s i on 330 core
p r e c i s i o n highp f l o a t ;

#de f i n e POSITION 0
5 #de f i n e COLOR 3

#de f i n e FRAGCOLOR 0

in block {
vec4 Color ;

10 } In ;

layout ( l o c a t i o n = FRAGCOLOR, index = 0) out vec4 Color ;

void main ( ) {
15 Color = In . Color ;

}

4 src/fp32/colour.vert

#ver s i on 330 core
p r e c i s i o n highp f l o a t ;

#de f i n e POSITION 0
5 #de f i n e COLOR 3

#de f i n e FRAGCOLOR 0

uniform mat4 MVP;

10 uniform vec3 i n t e r i o r ;
uniform vec3 border ;
uniform vec3 e x t e r i o r ;

l ayout ( l o c a t i o n = POSITION) in vec4 Pos i t i on ;
15 l ayout ( l o c a t i o n = COLOR) in vec4 Color ;

out block {
vec4 Color ;

} Out ;
20

void main ( ) {
f l o a t n = Color . x ;
f l o a t d = Color . y ;

// f l o a t a = Color . z ;
25 vec4 c = vec4 ( i n t e r i o r , 1 . 0 ) ;

i f (n > 0 . 0 ) {
f l o a t k = clamp (0 . 5 + 0 .5 ∗ l og2 ( 0 . 5 ∗ d) , 0 . 0 , 1 . 0 ) ;
c . rgb = mix ( border , e x t e r i o r , k ) ;

}
30 g l P o s i t i o n = MVP ∗ Pos i t i on ;

Out . Color = c ;
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}

5 src/fp32/cook.vert

#ver s i on 330 core
p r e c i s i o n highp f l o a t ;

#de f i n e POSITION 0
5 #de f i n e COLOR 3

#de f i n e FRAGCOLOR 0

layout ( l o c a t i o n = POSITION) in vec4 Pos i t i on ;
layout ( l o c a t i o n = COLOR) in vec4 Color ;

10

out block {
vec4 Color ;
vec4 Pos i t i on ;

} Out ;
15

const f l o a t er2 = 65536 . 0 ;

uniform f l o a t i t e r s ;
uniform f l o a t s c a l e ;

20

void main ( ) {
vec2 c = Pos i t i on . xy ;
vec2 z = Color . xy ;
vec2 dz = Color . zw ;

25 f l o a t zx2 = z . x ∗ z . x ;
f l o a t zy2 = z . y ∗ z . y ;
f l o a t z2 = zx2 + zy2 ;
f l o a t z2xy = 2 .0 ∗ z . x ∗ z . y ;
f l o a t dz2 = dz . x ∗ dz . x + dz . y ∗ dz . y ;

30 f l o a t n = 1 .0 + i t e r s − l og2 ( l og ( z2 ) / log ( er2 ) ) ;
f l o a t d = log ( z2 ) ∗ s q r t ( z2 / dz2 ) / s c a l e ;
f l o a t a = atan ( z . y , z . x ) ;

Out . Pos i t i on = Pos i t i on ;
Out . Color = vec4 (n , d , a , 1 . 0 ) ;

35 }

6 src/fp32/escape.geom

#ver s i on 330 core
#extens i on GL ARB separate shader objects : enable
p r e c i s i o n highp f l o a t ;

5 #de f i n e POSITION 0
#de f i n e COLOR 3
#de f i n e FRAGCOLOR 0

layout ( po in t s ) in ;
10 l ayout ( points , max ver t i c e s = 1) out ;

layout ( l o c a t i o n = POSITION) in vec4 OutPosit ion [ 1 ] ;
l ayout ( l o c a t i o n = COLOR) in vec4 OutColor [ 1 ] ;
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15 uniform bool escape ;

out block {
vec4 Pos i t i on ;
vec4 Color ;

20 } Out ;

const f l o a t er2 = 4 . 0 ;

void main ( ) {
25 vec2 z = OutColor [ 0 ] . xy ;

f l o a t zx2 = z . x ∗ z . x ;
f l o a t zy2 = z . y ∗ z . y ;
f l o a t z2 = zx2 + zy2 ;

i f ( escape == ! ( z2 < er2 ) ) {
30 Out . Pos i t i on = OutPosit ion [ 0 ] ;

Out . Color = OutColor [ 0 ] ;
EmitVertex ( ) ;
EndPrimitive ( ) ;

}
35 }

7 src/fp32/escape.vert

#ver s i on 330 core
p r e c i s i o n highp f l o a t ;

#de f i n e POSITION 0
5 #de f i n e COLOR 3

#de f i n e FRAGCOLOR 0

layout ( l o c a t i o n = POSITION) in vec4 Pos i t i on ;
layout ( l o c a t i o n = COLOR) in vec4 Color ;

10

out vec4 OutPosit ion ;
out vec4 OutColor ;

void main ( ) {
15 OutPosit ion = Pos i t i on ;

OutColor = Color ;
}

8 src/fp32/iterate.vert

#ver s i on 330 core

#de f i n e POSITION 0
#de f i n e COLOR 3

5 #de f i n e FRAGCOLOR 0

layout ( l o c a t i o n = POSITION) in vec4 Pos i t i on ;
layout ( l o c a t i o n = COLOR) in vec4 Color ;

10 out block {
vec4 Color ;
vec4 Pos i t i on ;
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} Out ;

15 const f l o a t er2 = 65536 . 0 ;

void main ( ) {
vec2 c = Pos i t i on . xy ;
vec2 z = Color . xy ;

20 vec2 d = Color . zw ;
f l o a t zx2 = z . x ∗ z . x ;
f l o a t zy2 = z . y ∗ z . y ;
f l o a t z2 = zx2 + zy2 ;
f l o a t z2xy = 2 .0 ∗ z . x ∗ z . y ;

25 // i f ( z2 < er2 ) {
f l o a t zdzx = z . x ∗ d . x − z . y ∗ d . y ;
f l o a t zdzy = z . x ∗ d . y + z . y ∗ d . x ;
f l o a t dx = 2 .0 ∗ zdzx + 1 . 0 ;
f l o a t dy = 2 .0 ∗ zdzy ;

30 f l o a t zx = zx2 − zy2 + c . x ;
f l o a t zy = z2xy + c . y ;

Out . Pos i t i on = Pos i t i on ;
Out . Color = vec4 ( zx , zy , dx , dy ) ;

}

9 src/fp64/colour.frag

#ver s i on 400 core
#extens i on GL ARB vertex attr ib 64bit : enable

#de f i n e POSITION 0
5 #de f i n e COLOR 3

#de f i n e FRAGCOLOR 0

in block {
vec4 Color ;

10 } In ;

layout ( l o c a t i o n = FRAGCOLOR, index = 0) out vec4 Color ;

void main ( ) {
15 Color = vec4 ( In . Color ) ;

}

10 src/fp64/colour.vert

#ver s i on 400 core
#extens i on GL ARB vertex attr ib 64bit : enable

#de f i n e POSITION 0
5 #de f i n e COLOR 3

#de f i n e FRAGCOLOR 0

uniform dmat4 MVP;

10 uniform vec3 i n t e r i o r ;
uniform vec3 border ;
uniform vec3 e x t e r i o r ;
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l ayout ( l o c a t i o n = POSITION) in dvec4 Pos i t i on ;
15 l ayout ( l o c a t i o n = COLOR) in dvec4 Color ;

out block {
vec4 Color ;

} Out ;
20

void main ( ) {
f l o a t n = f l o a t ( Color . x ) ;
f l o a t d = f l o a t ( Color . y ) ;

// double a = Color . z ;
25 vec4 c = vec4 ( i n t e r i o r , 1 . 0 ) ;

i f (n > 0 . 0 ) {
f l o a t k = clamp (0 . 5 + 0 .5 ∗ l og2 ( 0 . 5 ∗ d) , 0 . 0 , 1 . 0 ) ;
c . rgb = mix ( border , e x t e r i o r , k ) ;

}
30 g l P o s i t i o n = vec4 (MVP ∗ Pos i t i on ) ;

Out . Color = c ;
}

11 src/fp64/cook.vert

#ver s i on 400 core
#extens i on GL ARB vertex attr ib 64bit : enable

#de f i n e POSITION 0
5 #de f i n e COLOR 3

#de f i n e FRAGCOLOR 0

layout ( l o c a t i o n = POSITION) in dvec4 Pos i t i on ;
layout ( l o c a t i o n = COLOR) in dvec4 Color ;

10

out block {
dvec4 Color ;
dvec4 Pos i t i on ;

} Out ;
15

const f l o a t er2 = 65536 . 0 ;

uniform double i t e r s ;
uniform double s c a l e ;

20

void main ( ) {
dvec2 c = Pos i t i on . xy ;
dvec2 z = Color . xy ;
dvec2 dz = Color . zw ;

25 double zx2 = z . x ∗ z . x ;
double zy2 = z . y ∗ z . y ;
double z2 = zx2 + zy2 ;
double z2xy = 2 .0 ∗ z . x ∗ z . y ;
double dz2 = dz . x ∗ dz . x + dz . y ∗ dz . y ;

30 double n = 1 .0 + i t e r s − double ( log2 ( l og ( f l o a t ( z2 ) ) / l og ( er2 ) ) ) ;
double d = double ( l og ( f l o a t ( z2 ) ) ) ∗ s q r t ( z2 / dz2 ) / s c a l e ;
double a = double ( atan ( f l o a t ( z . y ) , f l o a t ( z . x ) ) ) ;

Out . Pos i t i on = Pos i t i on ;
Out . Color = dvec4 (n , d , a , 1 . 0 ) ;
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35 }

12 src/fp64/escape.geom

#ver s i on 400 core
#extens i on GL ARB separate shader objects : enable
#extens i on GL ARB vertex attr ib 64bit : enable

5 #de f i n e POSITION 0
#de f i n e COLOR 3
#de f i n e FRAGCOLOR 0

layout ( po in t s ) in ;
10 l ayout ( points , max ver t i c e s = 1) out ;

layout ( l o c a t i o n = POSITION) in dvec4 OutPosit ion [ 1 ] ;
l ayout ( l o c a t i o n = COLOR) in dvec4 OutColor [ 1 ] ;

15 uniform bool escape ;

out block {
dvec4 Pos i t i on ;
dvec4 Color ;

20 } Out ;

const double er2 = 4 . 0 ;

void main ( ) {
25 dvec2 z = OutColor [ 0 ] . xy ;

double zx2 = z . x ∗ z . x ;
double zy2 = z . y ∗ z . y ;
double z2 = zx2 + zy2 ;

i f ( escape == ! ( z2 < er2 ) ) {
30 Out . Pos i t i on = OutPosit ion [ 0 ] ;

Out . Color = OutColor [ 0 ] ;
EmitVertex ( ) ;
EndPrimitive ( ) ;

}
35 }

13 src/fp64/escape.vert

#ver s i on 400 core
#extens i on GL ARB vertex attr ib 64bit : enable
#extens i on GL NV gpu shader5 : enable

5 #de f i n e POSITION 0
#de f i n e COLOR 3
#de f i n e FRAGCOLOR 0

layout ( l o c a t i o n = POSITION) in dvec4 Pos i t i on ;
10 l ayout ( l o c a t i o n = COLOR) in dvec4 Color ;

out dvec4 OutPosit ion ;
out dvec4 OutColor ;
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15 void main ( ) {
OutPosit ion = Pos i t i on ;
OutColor = Color ;

}

14 src/fp64/iterate.vert

#ver s i on 400 core
#extens i on GL ARB vertex attr ib 64bit : enable

#de f i n e POSITION 0
5 #de f i n e COLOR 3

#de f i n e FRAGCOLOR 0

layout ( l o c a t i o n = POSITION) in dvec4 Pos i t i on ;
layout ( l o c a t i o n = COLOR) in dvec4 Color ;

10

out block {
dvec4 Color ;
dvec4 Pos i t i on ;

} Out ;
15

const double er2 = 65536 . 0 ;

void main ( ) {
dvec2 c = Pos i t i on . xy ;

20 dvec2 z = Color . xy ;
dvec2 d = Color . zw ;
double zx2 = z . x ∗ z . x ;
double zy2 = z . y ∗ z . y ;
double z2 = zx2 + zy2 ;

25 double z2xy = 2 .0 ∗ z . x ∗ z . y ;
double zdzx = z . x ∗ d . x − z . y ∗ d . y ;
double zdzy = z . x ∗ d . y + z . y ∗ d . x ;
double dx = 2 .0 ∗ zdzx + 1 . 0 ;
double dy = 2 .0 ∗ zdzy ;

30 double zx = zx2 − zy2 + c . x ;
double zy = z2xy + c . y ;

Out . Pos i t i on = Pos i t i on ;
Out . Color = dvec4 ( zx , zy , dx , dy ) ;

}

15 src/Makefile

LIBS = −lGLEW − l g l u t
CCFLAGS = − I . − I . . −Wall −pedant ic −Wextra −O3 −march=nat ive −ggdb

a l l : r u f f −render −gl − fp32 ru f f −render −gl − fp64
5

ru f f −render −gl − fp32 : ru f f −render −g l . cc
g++ $ (CCFLAGS) −DFP=32 −o ru f f −render −gl − fp32 ru f f −render −g l . cc $ (LIBS)

ru f f −render −gl − fp64 : ru f f −render −g l . cc
10 g++ $ (CCFLAGS) −DFP=64 −o ru f f −render −gl − fp64 ru f f −render −g l . cc $ (LIBS)
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16 src/ruff-render-gl.cc

/∗
ru f f −render −g l −− GPU ac c e l e r a t ed t i l e r ende re r f o r r u f f
(C) 2011 Claude Heiland −Allen <claude@mathr . co . uk>

5 based on :

// ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
// OpenGL Transform Feedback Separated
// 06/04/2010 − 22/06/2011

10 // ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
// Christophe Ricc i o
// ogl −samples@g− t ruc . net
// ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
// G−Truc Creat ion

15 // www. g− t ruc . net
// ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

∗/

20 #inc lude <g l f / g l f . hpp>

#i f n d e f FP
#de f i n e FP 64
#end i f

25

#i f (FP == 32)
#de f i n e SHADER DIR ” fp32 /”
const i n t major = 3 ;
const i n t minor = 3 ;

30 typede f glm : : vec4 vec4 ;
typede f glm : : mat4 mat4 ;
const mat4 IDENTITY = mat4 ( 1 . 0 f ) ;
typede f f l o a t f l t ;
#de f i n e g lVe r t exAt t r ibPo in t e r ( a , b , c , d , e ) g lVer t exAtt r ibPo in te r ( a , b ,GL FLOAT, c , d⤦

Ç , e )
35 #de f i n e g lUni formMatr ix4fv glUni formMatrix4fv

#de f i n e g lUni fo rm1f g lUni form1f
#e l s e
#i f (FP == 64)
#de f i n e SHADER DIR ” fp64 /”

40 const i n t major = 4 ;
const i n t minor = 0 ;
typede f glm : : dvec4 vec4 ;
typede f glm : : dmat4 mat4 ;
const mat4 IDENTITY = mat4 ( 1 . 0 ) ;

45 typede f double f l t ;
#de f i n e g lVe r t exAt t r ibPo in t e r ( a , b , c , d , e ) g lVertexAttr ibLPointer ( a , b ,GL DOUBLE, d⤦

Ç , e )
#de f i n e g lUni formMatr ix4fv glUniformMatrix4dv
#de f i n e g lUni fo rm1f glUniform1d
#e l s e

50 #er r o r unknown FP
#end i f
#end i f
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typede f vec4 po int [ 2 ] ;
55

namespace
{

std : : s t r i n g const SAMPLENAME = ”OpenGL Mandelbrot Set ” ;
std : : s t r i n g const VERT SHADER SOURCE ITERATE(SHADER DIR ” i t e r a t e . ve r t ”) ;

60 std : : s t r i n g const VERT SHADER SOURCE ESCAPE (SHADER DIR ” escape . ve r t ”) ;
s td : : s t r i n g const GEOM SHADER SOURCE ESCAPE (SHADER DIR ” escape . geom”) ;
std : : s t r i n g const VERT SHADER SOURCE COOK (SHADER DIR ”cook . ve r t ”) ;
s td : : s t r i n g const VERT SHADER SOURCE COLOUR (SHADER DIR ” co lour . ve r t ”) ;
s td : : s t r i n g const FRAG SHADER SOURCE COLOUR (SHADER DIR ” co lour . f r a g ”) ;

65

i n t const SAMPLE SIZE WIDTH(256) ;
i n t const SAMPLE SIZE HEIGHT(256) ;
i n t const SAMPLE MAJOR VERSION(major ) ;
i n t const SAMPLE MINOR VERSION(minor ) ;

70

g l f : : window Window( glm : : i v e c2 (SAMPLE SIZE WIDTH, SAMPLE SIZE HEIGHT) ) ;

GLs ize i const VertexCount (SAMPLE SIZE WIDTH ∗ SAMPLE SIZE HEIGHT) ;
GLuint i t e r a t e e s = VertexCount ;

75 bool f i r s tD i s p l a y = true ;
i n t i t e r a t i o n c oun t = 0 ;
f l t cx = 0 ;
f l t cy = 0 ;
f l t r = 2 ;

80 f l t p i x e l s pa c i n g = f l t (4 ) / SAMPLE SIZE WIDTH;

GLuint IterateProgramName (0) ;
GLuint IterateArrayBufferName (0) ;
GLuint IterateVertexArrayName (0) ;

85

GLuint EscapeProgramName (0) ;
GLuint EscapeArrayBufferName (0) ;
GLuint EscapeVertexArrayName (0) ;
GLint EscapeUniformEscape (0 ) ;

90

GLuint CookProgramName (0) ;
GLuint CookArrayBufferName (0) ;
GLuint CookVertexArrayName (0) ;
GLint CookUniformIters (0 ) ;

95 GLint CookUniformScale (0 ) ;

GLuint ColourProgramName (0) ;
GLuint ColourArrayBufferName (0) ;
GLuint ColourVertexArrayName (0) ;

100 GLint ColourUniformMVP (0) ;
GLint Co lourUni fo rmInter io r (0 ) ;
GLint ColourUniformBorder (0 ) ;
GLint ColourUni formExter ior (0 ) ;

105 GLuint Query (0 ) ;

}//namespace

bool in itProgram ( )
110 {
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bool Val idated = true ;

// Create program ’ i t e r a t e ’
// i f ( Val idated )

115 {
GLuint VertexShaderName = g l f : : c reateShader (GL VERTEX SHADER, ⤦

Ç VERT SHADER SOURCE ITERATE) ;

IterateProgramName = glCreateProgram ( ) ;
glAttachShader ( IterateProgramName , VertexShaderName ) ;

120 g lDe le teShader (VertexShaderName ) ;

GLchar const ∗ S t r i ng s [ ] = {” block . Pos i t i on ” , ” block . Color ”} ;
g lTransformFeedbackVaryings ( IterateProgramName , 2 , St r ings , ⤦

Ç GL INTERLEAVED ATTRIBS) ;
glLinkProgram ( IterateProgramName ) ;

125

Val idated = Val idated && g l f : : checkProgram ( IterateProgramName ) ;

/∗
// BUG AMD 10.12

130 char Name [ 6 4 ] ;
memset (Name, 0 , 64) ;
GLs ize i Length (0 ) ;
GLs ize i S i z e (0 ) ;
GLenum Type (0 ) ;

135

glGetTransformFeedbackVarying (
IterateProgramName ,
0 ,
64 ,

140 &Length ,
&Size ,
&Type ,
Name) ;

145 Val idated = Val idated && ( S i z e == 1) && (Type == GL flt VEC4 ) ;
∗/

}

150 // Create program ’ escape ’
// i f ( Val idated )
{

GLuint VertexShaderName = g l f : : c reateShader (GL VERTEX SHADER, ⤦
Ç VERT SHADER SOURCE ESCAPE) ;

GLuint GeometryShaderName = g l f : : c reateShader (GLGEOMETRY SHADER⤦
Ç , GEOM SHADER SOURCE ESCAPE) ;

155

EscapeProgramName = glCreateProgram ( ) ;
glAttachShader (EscapeProgramName , VertexShaderName ) ;
glAttachShader (EscapeProgramName , GeometryShaderName ) ;
g lDe le teShader (VertexShaderName ) ;

160 g lDe le teShader (GeometryShaderName ) ;

GLchar const ∗ S t r i ng s [ ] = {” block . Pos i t i on ” , ” block . Color ”} ;
g lTransformFeedbackVaryings (EscapeProgramName , 2 , St r ings , ⤦
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Ç GL INTERLEAVED ATTRIBS) ;
glLinkProgram (EscapeProgramName ) ;

165

Val idated = Val idated && g l f : : checkProgram (EscapeProgramName ) ;
/∗

// BUG AMD 10.12
char Name [ 6 4 ] ;

170 memset (Name, 0 , 64) ;
GLs ize i Length (0 ) ;
GLs ize i S i z e (0 ) ;
GLenum Type (0 ) ;

175 glGetTransformFeedbackVarying (
EscapeProgramName ,
0 ,
64 ,
&Length ,

180 &Size ,
&Type ,
Name) ;

Val idated = Val idated && ( S i z e == 1) && (Type == GL flt VEC4 ) ;
185 ∗/

}
// Get v a r i a b l e s l o c a t i o n s
// i f ( Val idated )
{

190 EscapeUniformEscape = glGetUniformLocation (EscapeProgramName , ”⤦
Ç escape ”) ;

Val idated = Val idated && ( EscapeUniformEscape >= 0) ;
}

195 // Create program ’ cook ’
// i f ( Val idated )
{

GLuint VertexShaderName = g l f : : c reateShader (GL VERTEX SHADER, ⤦
Ç VERT SHADER SOURCE COOK) ;

200 CookProgramName = glCreateProgram ( ) ;
glAttachShader (CookProgramName , VertexShaderName ) ;
g lDe le teShader (VertexShaderName ) ;

GLchar const ∗ S t r i ng s [ ] = {” block . Pos i t i on ” , ” block . Color ”} ;
205 glTransformFeedbackVaryings (CookProgramName , 2 , St r ings , ⤦

Ç GL INTERLEAVED ATTRIBS) ;
glLinkProgram (CookProgramName) ;

Val idated = Val idated && g l f : : checkProgram (CookProgramName) ;
/∗

210 // BUG AMD 10.12
char Name [ 6 4 ] ;
memset (Name, 0 , 64) ;
GLs ize i Length (0 ) ;
GLs ize i S i z e (0 ) ;

215 GLenum Type (0 ) ;
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glGetTransformFeedbackVarying (
CookProgramName ,
0 ,

220 64 ,
&Length ,
&Size ,
&Type ,
Name) ;

225

Val idated = Val idated && ( S i z e == 1) && (Type == GL flt VEC4 ) ;
∗/

}
// Get v a r i a b l e s l o c a t i o n s

230 // i f ( Val idated )
{

CookUniformIters = glGetUniformLocation (CookProgramName , ” i t e r s⤦
Ç ”) ;

CookUniformScale = glGetUniformLocation (CookProgramName , ” s c a l e⤦
Ç ”) ;

Val idated = Val idated && ( CookUniformIters >= 0) && (⤦
Ç CookUniformScale >= 0) ;

235 }

// Create program ’ co lour ’
// i f ( Val idated )

240 {
GLuint VertexShaderName = g l f : : c reateShader (GL VERTEX SHADER, ⤦

Ç VERT SHADER SOURCE COLOUR) ;
GLuint FragmentShaderName = g l f : : c reateShader (GL FRAGMENT SHADER⤦

Ç , FRAG SHADER SOURCE COLOUR) ;

ColourProgramName = glCreateProgram ( ) ;
245 glAttachShader (ColourProgramName , VertexShaderName ) ;

glAttachShader (ColourProgramName , FragmentShaderName ) ;
g lDe le teShader (VertexShaderName ) ;
g lDe le teShader (FragmentShaderName ) ;

250 glLinkProgram (ColourProgramName ) ;
Val idated = Val idated && g l f : : checkProgram (ColourProgramName ) ;

}
// Get v a r i a b l e s l o c a t i o n s
i f ( Val idated )

255 {
ColourUniformMVP = glGetUniformLocation (ColourProgramName , ”MVP⤦

Ç ”) ;
Co lourUni fo rmInter io r = glGetUniformLocation (ColourProgramName , ⤦

Ç ” i n t e r i o r ”) ;
ColourUniformBorder = glGetUniformLocation (ColourProgramName , ”⤦

Ç border ”) ;
ColourUni formExter ior = glGetUniformLocation (ColourProgramName , ⤦

Ç ” e x t e r i o r ”) ;
260

Val idated = Val idated && (ColourUniformMVP >= 0) && (⤦
Ç ColourUni fo rmInter io r >= 0) && ( ColourUniformBorder >= 0) ⤦
Ç && ( ColourUni formExter ior >= 0) ;

}
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re turn Val idated && g l f : : checkError (” initProgram ”) ;
265 }

void in i tVertexArray1 (GLuint ∗name , GLuint arr , const char ∗ e r r ) {
g l f : : checkError (” iva 1”) ;

glGenVertexArrays (1 , name) ;
270 g l f : : checkError (” iva 2”) ;

glBindVertexArray (∗name) ;
g l f : : checkError (” iva 3”) ;

g lB indBuf f e r (GL ARRAY BUFFER, ar r ) ;
g l f : : checkError (” iva 4”) ;

275 g lVe r t exAt t r i bPo in t e r ( g l f : : semantic : : a t t r : : POSITION, 4 , ⤦
Ç GL FALSE, s i z e o f ( po int ) , 0) ;

g l f : : checkError (” iva 5”) ;
g lB indBuf f e r (GL ARRAY BUFFER, ar r ) ;

g l f : : checkError (” iva 6”) ;
g lVe r t exAt t r i bPo in t e r ( g l f : : semantic : : a t t r : :COLOR, 4 , GL FALSE, ⤦

Ç s i z e o f ( po int ) , GLF BUFFER OFFSET( s i z e o f ( vec4 ) ) ) ;
280 g l f : : checkError (” iva 6”) ;

g lB indBuf f e r (GL ARRAY BUFFER, 0) ;
g l f : : checkError (” iva 8”) ;

g lEnableVertexAttr ibArray ( g l f : : semantic : : a t t r : : POSITION) ;
g l f : : checkError (” iva 9”) ;

285 glEnableVertexAttr ibArray ( g l f : : semantic : : a t t r : :COLOR) ;
g l f : : checkError (” iva A”) ;

glBindVertexArray (0 ) ;
g l f : : checkError (” iva B”) ;

g l f : : checkError ( e r r ) ;
290 }

bool in i tVertexArray ( ) {
g l f : : checkError (” in i tVertexArray 0”) ;
in i tVertexArray1 (&IterateVertexArrayName , IterateArrayBufferName , ” iva i t e r a t e⤦

Ç ”) ;
295 in i tVertexArray1 (&EscapeVertexArrayName , EscapeArrayBufferName , ” iva escape⤦

Ç ”) ;
in i tVertexArray1 (&CookVertexArrayName , CookArrayBufferName , ” iva cook ”) ;
in i tVertexArray1 (&ColourVertexArrayName , ColourArrayBufferName , ” iva co l our⤦

Ç ”) ;
r e turn g l f : : checkError (” in i tVertexArray ”) ;

}
300

void in i tAr rayBu f f e r 1 (GLuint ∗name , const char ∗ err , void ∗data ) {
g lGenBuf fers (1 , name) ;

g lB indBuf f e r (GL ARRAY BUFFER, ∗name) ;
g lBuf fe rData (GL ARRAY BUFFER, s i z e o f ( po int ) ∗ VertexCount , data , ⤦

Ç GL DYNAMIC COPY) ;
305 g lB indBuf f e r (GL ARRAY BUFFER, 0) ;

g l f : : checkError ( e r r ) ;
}

void resetView ( ) {
310 point ∗ po s i t i o n s = ( po int ∗) c a l l o c (1 , s i z e o f ( po int ) ∗ VertexCount ) ;

po int ∗p = po s i t i o n s ;
f o r ( i n t i = 0 ; i < SAMPLE SIZE WIDTH; ++i ) {

f l t x = cx + ( i − SAMPLE SIZE WIDTH/2) ∗ r / (SAMPLE SIZE WIDTH/2) ;
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f o r ( i n t j = 0 ; j < SAMPLE SIZE HEIGHT; ++j ) {
315 f l t y = cy + ( j − SAMPLE SIZE HEIGHT/2) ∗ r / (SAMPLE SIZE HEIGHT/2) ;

∗p [ 0 ] = vec4 (x , y , f l t ( 0 ) , f l t ( 1 ) ) ;
p++;

}
}

320 g l f : : checkError (” view 1”) ;
g lB indBuf f e r (GL ARRAY BUFFER, IterateArrayBufferName ) ;

g l f : : checkError (” view 2”) ;
glBufferSubData (GL ARRAY BUFFER, 0 , s i z e o f ( po int ) ∗ VertexCount , p o s i t i o n s ) ;

g l f : : checkError (” view 3”) ;
325 g lB indBuf f e r (GL ARRAY BUFFER, 0) ;

g l f : : checkError (” view 4”) ;
f r e e ( p o s i t i o n s ) ;
i t e r a t i o n c oun t = 0 ;
i t e r a t e e s = VertexCount ;

330 }

bool i n i tAr rayBu f f e r ( )
{

g l f : : checkError (” i n i tAr rayBu f f e r 0”) ;
335 void ∗ zero = c a l l o c (1 , s i z e o f ( po int ) ∗ VertexCount ) ;

i n i tAr rayBu f f e r 1 (&IterateArrayBufferName , ” iab i t e r a t e ” , ze ro ) ;
f r e e ( zero ) ;

i n i tAr rayBu f f e r 1 (&EscapeArrayBufferName , ” iab escape ” , NULL) ;
i n i tAr rayBu f f e r 1 (&CookArrayBufferName , ” iab cook ” , NULL) ;

340 i n i tAr rayBu f f e r 1 (&ColourArrayBufferName , ” iab co l our ” , NULL) ;
re turn g l f : : checkError (” i n i tAr rayBu f f e r ”) ;

}

void c l i c k ( i n t button , i n t s tate , i n t x , i n t y ) {
345 i f ( ! s t a t e ) {

cx += (x − SAMPLE SIZE WIDTH /2) ∗ r / (SAMPLE SIZE WIDTH /2) ;
cy += (SAMPLE SIZE HEIGHT/2 − y ) ∗ r / (SAMPLE SIZE HEIGHT/2) ;
i f ( ! button ) {

r /= 2 ;
350 p i x e l s pa c i n g /= 2 ;

} e l s e {
r ∗= 2 ;
p i x e l s pa c i n g ∗= 2 ;

}
355 resetView ( ) ;

}
}

bool begin ( )
360 {

bool Val idated = true ;
Val idated = Val idated && g l f : : checkGLVersion (SAMPLE MAJOR VERSION, ⤦

Ç SAMPLE MINOR VERSION) ;
Val idated = Val idated && g l f : : checkExtens ion (”GL ARB viewport array ”) ;
Val idated = Val idated && g l f : : checkExtens ion (”⤦

Ç GL ARB separate shader objects ”) ;
365

/∗
i n t sep = 0 ;
i n t i l v = 0 ;
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g lGet Intege rv (GLMAXTRANSFORMFEEDBACK SEPARATECOMPONENTS, &sep ) ;
370 g lGet Intege rv (GLMAXTRANSFORMFEEDBACK INTERLEAVEDCOMPONENTS, &i l v ) ;

p r i n t f (”%d %d\n” , sep , i l v ) ;
∗/

glClampColor (GL CLAMP VERTEX COLOR, GL FALSE) ;
375 glClampColor (GL CLAMP READ COLOR, GL FALSE) ;

glClampColor (GLCLAMPFRAGMENTCOLOR, GL FALSE) ;

g l f : : checkError (” begin 1”) ;
glGenQueries (1 , &Query ) ;

380 g l f : : checkError (” begin 2”) ;
i f ( Val idated )

Val idated = initProgram ( ) ;
g l f : : checkError (” begin 3”) ;

i f ( Val idated )
385 Val idated = in i tAr rayBu f f e r ( ) ;

g l f : : checkError (” begin 4”) ;
i f ( Val idated )

Val idated = in i tVertexArray ( ) ;
g l f : : checkError (” begin 5”) ;

390

resetView ( ) ;

r e turn Val idated && g l f : : checkError (” begin ”) ;
}

395

bool end ( )
{
/∗ // FIXME

glDe leteVertexArrays (1 , &TransformVertexArrayName ) ;
400 g lDe l e t eBu f f e r s (1 , &TransformArrayBufferName ) ;

glDeleteProgram (TransformProgramName ) ;

g lDe le teVertexArrays (1 , &FeedbackVertexArrayName ) ;
g lDe l e t eBu f f e r s (1 , &FeedbackArrayBufferPositionName ) ;

405 g lDe l e t eBu f f e r s (1 , &FeedbackArrayBufferColorName ) ;
glDeleteProgram (FeedbackProgramName ) ;

∗/
g lDe l e t eQue r i e s (1 , &Query ) ;

410 re turn g l f : : checkError (” end ”) ;
}

void t imer1 ( i n t v ) {
g lutPostRed i sp lay ( ) ;

415 }

void d i sp l ay ( )
{
f o r ( i n t r epea t s = 0 ; r epea t s < 10 ; ++repea t s ) {

420

// Compute the MVP (Model View Pro j e c t i on matrix )
mat4 Pro j e c t i on = glm : : ortho ( cx − r , cx + r , cy − r , cy + r ) ;
mat4 View = IDENTITY;
mat4 Model = IDENTITY;

425 mat4 MVP = Pro j e c t i on ∗ View ∗ Model ;
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// Set the d i sp l ay viewport
glViewport (0 , 0 , Window . S i z e . x , Window . S i z e . y ) ;

430 i f ( i t e r a t i o n c oun t == 0) {
// Clear c o l o r bu f f e r with red

g lC l ea rCo lo r ( 1 . 0 f , 0 . 0 f , 0 . 0 f , 1 . 0 f ) ;
g lC l ea r (GL COLOR BUFFER BIT) ;
g l f : : checkError (” c l e a r ”) ;

435 }

// Disab le r a s t e r i s a t i o n , v e r t i c e s p ro c e s s i ng only !
g lEnable (GL RASTERIZER DISCARD) ;

440 // i t e r a t e
{

glUseProgram ( IterateProgramName ) ;
// dst

/∗
445 void glBindBufferRange ( GLenum target ,

GLuint index ,
GLuint bu f f e r ,
GLintptr o f f s e t ,
GLs i ze ip t r s i z e ) ;

450 ∗/
glBindBuf ferBase (GL TRANSFORMFEEDBACKBUFFER, 0 , ⤦

Ç EscapeArrayBufferName ) ;
// glBindBufferRange (GL TRANSFORMFEEDBACKBUFFER, 1 , ⤦

Ç EscapeArrayBufferName , s i z e o f ( vec4 ) , s i z e o f ( po int ) ∗ VertexCount ) ;
// g lBindBuf ferBase (GL TRANSFORMFEEDBACKBUFFER, 1 , ⤦

Ç EscapeArrayBufferColorName ) ;
// s r c

455 glBindVertexArray ( IterateVertexArrayName ) ;
// do i t

glBeginTransformFeedback (GL POINTS) ;
glDrawArrays (GL POINTS, 0 , i t e r a t e e s ) ;
glEndTransformFeedback ( ) ;

460 glBindBuf ferBase (GL TRANSFORMFEEDBACKBUFFER, 0 , 0) ;
// g lBindBuf ferBase (GL TRANSFORMFEEDBACKBUFFER, 1 , 0) ;

glBindVertexArray (0 ) ;
g l f : : checkError (” i t e r a t e ”) ;

}
465 // keep unescaped

GLuint unescaped = 0 ;
{

glUseProgram (EscapeProgramName ) ;
g l f : : checkError (” unescaped 1”) ;

470 g lUni form1i ( EscapeUniformEscape , 0) ;
g l f : : checkError (” unescaped 2”) ;

// dst
g lBindBuf ferBase (GL TRANSFORMFEEDBACKBUFFER, 0 , ⤦

Ç IterateArrayBufferName ) ;
g l f : : checkError (” unescaped 3”) ;

475 // glBindBuf ferBase (GL TRANSFORMFEEDBACKBUFFER, 1 , ⤦
Ç IterateArrayBufferColorName ) ;

g l f : : checkError (” unescaped 4”) ;
// s r c
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glBindVertexArray ( EscapeVertexArrayName ) ;
g l f : : checkError (” unescaped 5”) ;

480 // do i t
glBeginQuery (GL TRANSFORM FEEDBACK PRIMITIVES WRITTEN, Query ) ;

g l f : : checkError (” unescaped 6”) ;
glBeginTransformFeedback (GL POINTS) ;

g l f : : checkError (” unescaped 7”) ;
485 glDrawArrays (GL POINTS, 0 , i t e r a t e e s ) ;

g l f : : checkError (” unescaped 8”) ;
glEndTransformFeedback ( ) ;

g l f : : checkError (” unescaped 9”) ;
glEndQuery (GL TRANSFORM FEEDBACK PRIMITIVES WRITTEN) ;

490 g l f : : checkError (” unescaped A”) ;
glGetQueryObjectuiv (Query , GL QUERY RESULT, &unescaped ) ;

g l f : : checkError (” unescaped ”) ;
}
// pass through escaped

495 GLuint escaped = 0 ;
{

glUseProgram (EscapeProgramName ) ;
g lUni form1i ( EscapeUniformEscape , 1) ;
// dst

500 glBindBuf ferBase (GL TRANSFORMFEEDBACKBUFFER, 0 , ⤦
Ç CookArrayBufferName ) ;

// g lBindBuf ferBase (GL TRANSFORMFEEDBACKBUFFER, 1 , ⤦
Ç CookArrayBufferColorName ) ;
// s r c

glBindVertexArray ( EscapeVertexArrayName ) ;
// do i t

505 glBeginQuery (GL TRANSFORM FEEDBACK PRIMITIVES WRITTEN, Query ) ;
glBeginTransformFeedback (GL POINTS) ;

glDrawArrays (GL POINTS, 0 , i t e r a t e e s ) ;
glEndTransformFeedback ( ) ;
glEndQuery (GL TRANSFORM FEEDBACK PRIMITIVES WRITTEN) ;

510 glGetQueryObjectuiv (Query , GL QUERY RESULT, &escaped ) ;
g l f : : checkError (” escaped ”) ;

}
// cook the e scapee s

{
515 glUseProgram (CookProgramName) ;

g lUn i fo rm1f ( CookUniformIters , ++i t e r a t i o n c oun t ) ;
g lUn i fo rm1f ( CookUniformScale , p i x e l s pa c i n g ) ;
// dst

g lBindBuf ferBase (GL TRANSFORMFEEDBACKBUFFER, 0 , ⤦
Ç ColourArrayBufferName ) ;

520 // glBindBuf ferBase (GL TRANSFORMFEEDBACKBUFFER, 1 , ⤦
Ç ColourArrayBufferColorName ) ;
// s r c

glBindVertexArray (CookVertexArrayName ) ;
// do i t

glBeginTransformFeedback (GL POINTS) ;
525 glDrawArrays (GL POINTS, 0 , escaped ) ;

glEndTransformFeedback ( ) ;
g l f : : checkError (” cook ”) ;

}

530 // re −enable drawing
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g lD i s ab l e (GL RASTERIZER DISCARD) ;

// c o l o u r i z e the cookeds
{

535 glUseProgram (ColourProgramName ) ;
g lUni formMatr ix4fv (ColourUniformMVP , 1 , GL FALSE, &MVP[ 0 ] [ 0 ] ) ;
g lUni form3f ( ColourUni formInter ior , 1 . 0 , 0 . 0 , 0 . 0 ) ;
g lUni form3f ( ColourUniformBorder , 0 . 0 , 0 . 0 , 0 . 0 ) ;
g lUni form3f ( ColourUniformExter ior , 1 . 0 , 1 . 0 , 1 . 0 ) ;

540 glBindVertexArray ( ColourVertexArrayName ) ;
glDrawArrays (GL POINTS, 0 , escaped ) ;

g l f : : checkError (” co l ou r ”) ;
}

i f ( ( i t e r a t i o n c oun t % 1000) == 0) {
545 p r i n t f (”%d\ t%d\ t%d\ t%d\n” , i t e r a t i oncoun t , i t e r a t e e s , escaped , unescaped ) ;

}
i t e r a t e e s = unescaped ;

g l f : : checkError (” d i sp l ay ”) ;
550 i f ( ( i t e r a t i o n c oun t % 100) == 0) {

g l f : : swapBuffers ( ) ;
}

}
glutTimerFunc (1 , timer1 , 1) ;

555 g lut Id l eFunc (0 ) ;
glutMouseFunc ( c l i c k ) ;

}

i n t main ( i n t argc , char ∗ argv [ ] )
560 {

re turn g l f : : run (
argc , argv ,
glm : : i v e c2 ( : : SAMPLE SIZE WIDTH, : : SAMPLE SIZE HEIGHT) ,
: : SAMPLE MAJOR VERSION,

565 : : SAMPLE MINOR VERSION) ;
}
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