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1 c/graphgrow-filter.c

#inc lude <complex . h>
#inc lude <math . h>
#inc lude <s t d i o . h>
#inc lude <s t d l i b . h>

5

#inc lude <s n d f i l e . h>
#inc lude <GL/glew . h>
#inc lude <GLFW/gl fw3 . h>

10 #inc lude ” g r a ph g r ow f i l t e r v e r t . g l s l . c”
#inc lude ” g r a ph g r ow f i l t e r f r a g . g l s l . c”
#inc lude ” shader . h”

s t r u c t f i l t e r {
15 s t r u c t shader shader ;

s t r u c t { GLint u f i r s t p a s s , u spectrum , u bins , u length , u speed , u gain , ⤦
Ç u scaleA , u sca l eB ; } uniform ;

s t r u c t { GLint u f i r s t p a s s , u spectrum ; GLfloat u bins , u length , u speed , ⤦
Ç u gain , u scaleA , u sca l eB ; } value ;

GLuint vao ;
GLuint tex [ 2 ] ;

20 GLuint fbo [ 2 ] ;
i n t which ;
complex f l o a t spectrum [ 4 0 9 6 ] ;

} ;

25 void f i l t e r i n i t ( s t r u c t f i l t e r ∗ f ) {
s h a d e r i n i t (&f−>shader , g r aphg r ow f i l t e r v e r t , g r a ph g r ow f i l t e r f r a g ) ;
glUseProgram ( f−>shader . program ) ;
shader uni form ( f , u f i r s t p a s s ) ;
shader uni form ( f , u spectrum ) ;

30 shader uni form ( f , u b ins ) ;
shader uni form ( f , u l ength ) ;
shader uni form ( f , u speed ) ;
shader uni form ( f , u ga in ) ;
shader uni form ( f , u sca leA ) ;

35 shader uni form ( f , u sca l eB ) ;
f−>value . u b ins = 4096 ;
f−>value . u l ength = 1 ;
f−>value . u speed = 100 ;
f−>value . u ga in = 0 . 9 9 ;

40 shader update f ( f , u b ins ) ;
shader update f ( f , u l ength ) ;
shader update f ( f , u speed ) ;
shader update f ( f , u ga in ) ;
glGenVertexArrays (1 , &f−>vao ) ;

45 glBindVertexArray ( f−>vao ) ;
glGenTextures (2 , f−>tex ) ;
g lAct iveTexture (GL TEXTURE0 + 0) ;
glBindTexture (GL TEXTURE 1D, f−>tex [ 0 ] ) ;
glTexImage1D (GL TEXTURE 1D, 0 , GL RGB32F, f−>value . u b ins / 2 , 0 , GL RGB, ⤦

Ç GL FLOAT, 0) ;
50 glTexParameteri (GL TEXTURE 1D, GL TEXTURE MIN FILTER, GL LINEAR MIPMAP LINEAR)⤦

Ç ;
g lTexParameteri (GL TEXTURE 1D, GL TEXTURE MAG FILTER, GL LINEAR) ;
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g lAct iveTexture (GL TEXTURE0 + 1) ;
glBindTexture (GL TEXTURE 1D, f−>tex [ 1 ] ) ;
glTexImage1D (GL TEXTURE 1D, 0 , GL RGB32F, f−>value . u b ins / 2 , 0 , GL RGB, ⤦

Ç GL FLOAT, 0) ;
55 glTexParameteri (GL TEXTURE 1D, GL TEXTURE MIN FILTER, GL LINEAR MIPMAP LINEAR)⤦

Ç ;
g lTexParameteri (GL TEXTURE 1D, GL TEXTURE MAG FILTER, GL LINEAR) ;
glGenFramebuffers (2 , f−>fbo ) ;
GLenum bufs = GLCOLORATTACHMENT0;
glBindFramebuffer (GL FRAMEBUFFER, f−>fbo [ 0 ] ) ;

60 glFramebufferTexture1D (GL FRAMEBUFFER, GLCOLORATTACHMENT0, GL TEXTURE 1D, f⤦
Ç −>tex [ 0 ] , 0) ;

g lDrawBuffers (1 , &bufs ) ;
g lBindFramebuffer (GL FRAMEBUFFER, f−>fbo [ 1 ] ) ;
glFramebufferTexture1D (GL FRAMEBUFFER, GLCOLORATTACHMENT0, GL TEXTURE 1D, f⤦

Ç −>tex [ 1 ] , 0) ;
g lDrawBuffers (1 , &bufs ) ;

65 glViewport (0 , 0 , f−>value . u b ins / 2 , 1) ;
}

void f i l t e r k e r n e l ( s t r u c t f i l t e r ∗ f , double t ) {
f−>value . u sca leA = 1 . 0/4 . 0 + t ∗ ( 1 . 0 / 2 . 0 − 1 . 0 / 4 . 0 ) ;

70 f−>value . u sca l eB = sq r t (2 ) ∗ ( 1 . 0 / 2 . 0 − f−>value . u sca leA ) ;
shader update f ( f , u sca leA ) ;
shader update f ( f , u sca l eB ) ;
g lC l ea rCo lo r (0 , 0 , 0 , 0) ;
g lBindFramebuffer (GL FRAMEBUFFER, f−>fbo [ 0 ] ) ;

75 g lC l ea r (GL COLOR BUFFER BIT) ;
glBindFramebuffer (GL FRAMEBUFFER, f−>fbo [ 1 ] ) ;
g lC l ea r (GL COLOR BUFFER BIT) ;
i n t which = 0 ;
f o r ( i n t pass = 0 ; pass < 20 ; ++pass ) {

80 f−>value . u f i r s t p a s s = pass == 0 ;
shader update i ( f , u f i r s t p a s s ) ;
f−>value . u spectrum = which ;
shader update i ( f , u spectrum ) ;
g lAct iveTexture (GL TEXTURE0 + which ) ;

85 glGenerateMipmap (GL TEXTURE 2D) ;
glBindFramebuffer (GL FRAMEBUFFER, f−>fbo [ 1 − which ] ) ;
glDrawArrays (GL LINES , 0 , 2) ;
which = 1 − which ;

}
90 g lReadPixe l s (0 , 0 , f−>value . u bins , 1 , GL RG, GL FLOAT, f−>spectrum ) ;

f−>spectrum [ 2 0 48 ] = 0 ;
f o r ( i n t k = 1 ; k < 2048 ; ++k) {

f−>spectrum [4096 − k ] = con j f ( f−>spectrum [ k ] ) ;
}

95 }

const double p i = 3.141592653589793 ;

i n t main ( i n t argc , char ∗∗ argv ) {
100 ( void ) argc ;

( void ) argv ;

g l fw I n i t ( ) ;
glfwWindowHint (GLFW CLIENT API, GLFW OPENGL API) ;
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105 glfwWindowHint (GLFWCONTEXTVERSIONMAJOR, 3) ;
glfwWindowHint (GLFWCONTEXT VERSIONMINOR, 3) ;
glfwWindowHint (GLFW OPENGL PROFILE, GLFWOPENGL CORE PROFILE) ;
glfwWindowHint (GLFWOPENGLFORWARDCOMPAT, GL TRUE) ;
GLFWwindow ∗window = glfwCreateWindow (512 , 16 , ”graphgrow− f i l t e r ” , 0 , 0) ;

110 glfwMakeContextCurrent (window) ;
glewExperimental = GL TRUE;
g l ew In i t ( ) ;
g lGetError ( ) ; // d i s ca rd common e r r o r from glew

115 s t r u c t f i l t e r f i l t e r ;
f i l t e r i n i t (& f i l t e r ) ;

SF INFO s f i n f o = { 0 , 48000 , 2 , SF FORMATWAV | SF FORMAT FLOAT, 0 , 0 } ;
SNDFILE ∗ s f f i l e = s f open (” graphgrow− f i l t e r . wav” , SFM WRITE, &s f i n f o ) ;

120

f o r ( i n t frame = 0 ; frame < 750 ; ++frame ) {
f i l t e r k e r n e l (& f i l t e r , 0 . 5∗ (1 − cos ( p i ∗ frame /750 .0 ) ) ) ;
s f w r i t e f f l o a t ( s f f i l e , ( f l o a t ∗) &f i l t e r . spectrum [ 0 ] , f i l t e r . va lue . u b ins )⤦

Ç ;
}

125

s f c l o s e ( s f f i l e ) ;
r e turn 0 ;

}

2 c/graphgrow filter frag.glsl

#ver s i on 330 core

const f l o a t p i = 3.141592653589793 ;
const f l o a t twopi = 2 .0 ∗ pi ;

5 const f l o a t SR = 48000 . 0 ;

uniform bool u f i r s t p a s s ;
uniform sampler1D u spectrum ;
uniform f l o a t u b ins ;

10 uniform f l o a t u l ength ;
uniform f l o a t u speed ;
uniform f l o a t u ga in ;
uniform f l o a t u sca leA ;
uniform f l o a t u sca l eB ;

15 uniform f l o a t u o f f s e tA ;
uniform f l o a t u o f f s e tB ;

in f l o a t i b i n ;

20 out vec3 o re sponse ;

vec2 c i s ( f l o a t t ) {
re turn vec2 ( cos ( t ) , s i n ( t ) ) ;

}
25

vec2 cmul ( vec2 a , vec2 b) {
re turn vec2 ( a . x ∗ b . x − a . y ∗ b . y , a . x ∗ b . y + a . y ∗ b . x ) ;

}
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30 vec2 cpow( vec2 a , f l o a t b) {
re turn pow( l ength ( a ) , b ) ∗ c i s ( atan ( a . y , a . x ) ∗ b) ;

}

void main ( ) {
35 f l o a t rms = sq r t ( t exe lFetch ( u spectrum , 0 , 11) . z ) ;

f l o a t f r e q = SR ∗ i b i n / u b ins ;
f l o a t phase = f r e q ∗ u l ength / u speed ;
i f ( u f i r s t p a s s ) {

vec2 OUTPUT = pow( u gain , u l ength ) ∗ c i s ( twopi ∗ phase ) ;
40 o re sponse = vec3 (OUTPUT, dot (OUTPUT, OUTPUT) ) ;

r e turn ;
}
vec2 u = pow( u gain , u sca leA ∗ u l ength ) ∗ c i s ( twopi ∗ u sca leA ∗ phase ) ;
vec2 v = pow( u gain , u sca l eB ∗ u l ength ) ∗ c i s ( twopi ∗ u sca l eB ∗ phase ) ;

45 {
f l o a t bin2 = i b i n ∗ u sca leA ;
vec2 u2 = cpow( tex ture ( u spectrum , bin2 / u b ins ) . xy/rms , u sca leA ) ;
i f ( ! ( ( u2 . x == 0 && u2 . y == 0) | | i snan ( u2 . x ) | | i snan ( u2 . y ) | | i s i n f ( u2 . x )⤦

Ç | | i s i n f ( u2 . y ) ) ) { u = u2 ; }
}

50 {
f l o a t bin2 = i b i n ∗ u sca l eB ;
vec2 v2 = cpow( tex ture ( u spectrum , bin2 / u b ins ) . xy/rms , u sca l eB ) ;
i f ( ! ( ( v2 . x == 0 && v2 . y == 0) | | i snan ( v2 . x ) | | i snan ( v2 . y ) | | i s i n f ( v2 . x )⤦

Ç | | i s i n f ( v2 . y ) ) ) { v = v2 ; }
}

55 vec2 INPUT = vec2 ( 1 . 0 , 0 . 0 ) ;
// edge l o s s e s
vec2 a = u , b = v , c = v , d = v , e = v , f = u , g = u , h = u ;
// node va lue s
vec2 z = vec2 ( 0 . 0 , 0 . 0 ) ;

60 vec2 A = z , B = z , C = z , D = z , E = z , F = z , G = z , H = z ;
// f i x ed po int i t e r a t i o n
f o r ( i n t k = 0 ; k < 512 ; ++k) {

// s c a l e by degree
A /= 1 . 0 ;

65 B /= 3 . 0 ;
C /= 3 . 0 ;
D /= 3 . 0 ;
E /= 3 . 0 ;
F /= 1 . 0 ;

70 G /= 1 . 0 ;
H /= 1 . 0 ;
// accumulate ne ighbours
vec2 An = cmul ( a , B) + INPUT;
vec2 Bn = cmul ( a , A) + cmul (b , C) + cmul ( e , E) ;

75 vec2 Cn = cmul (b , B) + cmul ( c , D) + cmul ( f , F) ;
vec2 Dn = cmul ( c , C) + cmul (d , E) + cmul (h , H) ;
vec2 En = cmul ( e , B) + cmul (d , D) + cmul ( g , G) ;
vec2 Fn = cmul ( f , C) ;
vec2 Gn = cmul ( g , E) ;

80 vec2 Hn = cmul (h , D) ;
// s tep
A = An;
B = Bn ;
C = Cn;

7
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85 D = Dn;
E = En ;
F = Fn ;
G = Gn;
H = Hn;

90 }
// output
vec2 OUTPUT = H;
o re sponse = vec3 (OUTPUT, dot (OUTPUT, OUTPUT) ) ;

}

3 c/graphgrow-filter.pd

#N canvas 1984 133 1920 1022 10 ;
#X obj 101 100 bng 15 250 50 0 empty empty empty 17 7 0 10 −262144
−1 −1;
#X obj 101 122 openpanel ;

5 #X obj 100 168 s o und f i l e r ;
#N canvas 1055 276 454 660 f f t 0 ;
#X obj 19 17 block ˜ 4096 4 1 ;
#X obj 28 50 i n l e t ˜ ;
#X obj 28 72 ∗˜ ;

10 #X obj 31 334 r f f t ˜ ;
#X obj 32 368 ∗˜ ;
#X obj 32 396 −˜;
#X obj 62 372 ∗˜ ;
#X obj 95 371 ∗˜ ;

15 #X obj 127 371 ∗˜ ;
#X obj 40 305 t ab r e c e i v e ˜ window ;
#X obj 95 399 +˜;
#X obj 31 465 r i f f t ˜ ;
#X obj 31 487 ∗˜ ;

20 #X obj 31 509 ou t l e t ˜ ;
#X obj 343 23 i n l e t ;
#X obj 343 45 / 4096 ;
#X obj 343 67 i n t ;
#X obj 234 188 ∗ 4096 ;

25 #X obj 65 171 t ab r e c e i v e ˜ ramp ;
#X f loatatom 374 102 5 0 0 0 − − − , f 5 ;
#X obj 97 430 /˜ 1 ;
#X obj 30 422 /˜ 1 ;
#X obj 226 339 +˜;

30 #X obj 185 337 +˜;
#X obj 313 155 i n t ;
#X obj 288 131 t f f ;
#X obj 300 198 −;
#X obj 268 261 t b f ;

35 #X obj 268 283 1 ;
#X obj 268 305 −;
#X obj 185 301 ∗˜ 0 ;
#X obj 223 300 ∗˜ 0 ;
#X obj 330 308 ∗˜ 0 ;

40 #X obj 368 307 ∗˜ 0 ;
#X obj 382 201 ∗ 4096 ;
#X obj 249 49 i n l e t ˜ ;
#X obj 249 71 snapshot ˜ ;
#X obj 199 50 bang ˜ ;

8
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45 #X obj 249 93 ∗ ;
#X obj 316 42 bng 15 250 50 0 empty empty empty 17 7 0 10 −262144 −1
−1;
#X obj 378 124 + 1 ;
#X obj 378 146 i n t ;

50 #X obj 381 174 min 0 ;
#X obj 419 100 − 1 ;
#X obj 234 163 min 0 ;
#X obj 174 213 tabread4 ˜ re ;
#X obj 198 235 tabread4 ˜ im ;

55 #X obj 340 226 tabread4 ˜ re ;
#X obj 350 246 tabread4 ˜ im ;
#X connect 1 0 2 0 ;
#X connect 2 0 3 0 ;
#X connect 3 0 4 0 ;

60 #X connect 3 0 7 0 ;
#X connect 3 1 6 0 ;
#X connect 3 1 8 0 ;
#X connect 4 0 5 0 ;
#X connect 5 0 21 0 ;

65 #X connect 6 0 5 1 ;
#X connect 7 0 10 0 ;
#X connect 8 0 10 1 ;
#X connect 9 0 2 1 ;
#X connect 9 0 12 1 ;

70 #X connect 10 0 20 0 ;
#X connect 11 0 12 0 ;
#X connect 12 0 13 0 ;
#X connect 14 0 15 0 ;
#X connect 15 0 16 0 ;

75 #X connect 16 0 19 0 ;
#X connect 16 0 38 1 ;
#X connect 16 0 43 0 ;
#X connect 17 0 45 1 ;
#X connect 17 0 46 1 ;

80 #X connect 18 0 45 0 ;
#X connect 18 0 46 0 ;
#X connect 18 0 47 0 ;
#X connect 18 0 48 0 ;
#X connect 20 0 11 1 ;

85 #X connect 21 0 11 0 ;
#X connect 22 0 7 1 ;
#X connect 22 0 6 1 ;
#X connect 23 0 8 1 ;
#X connect 23 0 4 1 ;

90 #X connect 24 0 26 1 ;
#X connect 24 0 44 0 ;
#X connect 25 0 26 0 ;
#X connect 25 1 24 0 ;
#X connect 26 0 27 0 ;

95 #X connect 26 0 32 1 ;
#X connect 26 0 33 1 ;
#X connect 27 0 28 0 ;
#X connect 27 1 29 1 ;
#X connect 28 0 29 0 ;

100 #X connect 29 0 31 1 ;
#X connect 29 0 30 1 ;

9
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#X connect 30 0 23 0 ;
#X connect 31 0 22 0 ;
#X connect 32 0 23 1 ;

105 #X connect 33 0 22 1 ;
#X connect 34 0 47 1 ;
#X connect 34 0 48 1 ;
#X connect 35 0 36 0 ;
#X connect 36 0 38 0 ;

110 #X connect 37 0 36 0 ;
#X connect 38 0 25 0 ;
#X connect 38 0 40 0 ;
#X connect 39 0 16 0 ;
#X connect 40 0 41 0 ;

115 #X connect 41 0 42 0 ;
#X connect 42 0 34 0 ;
#X connect 43 0 42 1 ;
#X connect 43 0 44 1 ;
#X connect 44 0 17 0 ;

120 #X connect 45 0 30 0 ;
#X connect 46 0 31 0 ;
#X connect 47 0 32 0 ;
#X connect 48 0 33 0 ;
#X r e s t o r e 98 232 pd f f t ;

125 #X obj 365 136 tab l e re ;
#X obj 118 350 dac ˜ ;
#X obj 267 186 tab l e window 4096 ;
#X obj 267 217 loadbang ;
#X msg 267 239 4096 ;

130 #X obj 267 261 un t i l ;
#X obj 267 283 f 0 ;
#X obj 313 284 + 1 ;
#X obj 313 306 mod 4096 ;
#X obj 269 331 expr 0 .5 −0.5∗ cos (2 .0∗3 .141592653∗ $ f 1 /4096) ;

135 #X obj 269 309 t f f ;
#X obj 271 392 tabwr i t e window ;
#X obj 96 255 ∗˜ 0 ;
#X f loatatom 174 227 5 0 0 0 − − − , f 5 ;
#X f loatatom 152 398 5 0 0 0 − − − , f 5 ;

140 #X obj 172 248 / 200000;
#X obj 405 189 tab l e ramp 4096 ;
#X obj 281 365 tabwr i t e ramp ;
#X obj 365 158 tab l e im ;
#X msg 216 319 0 ;

145 #X obj 1014 41 bang ˜ ;
#X obj 1014 63 snapshot ˜ ;
#X obj 167 281 env˜ 16384 ;
#X obj 196 377 t f f ;
#X f loatatom 196 399 5 0 0 0 − − − , f 5 ;

150 #X obj 197 357 max ;
#X msg 697 68 0 \ , de s t roy ;
#X obj 649 164 gemhead ;
#X msg 670 327 snap ;
#X obj 670 300 t b a ;

155 #X obj 639 491 separa to r ;
#X obj 1009 492 separa to r ;
#X obj 819 494 separa to r ;
#X obj 737 391 s c a l e 4 ;
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#X obj 753 331 square 4 ;
160 #X obj 655 71 t g l 15 0 empty empty empty 17 7 0 10 −262144 −1 −1 0

1 ;
#X obj 670 254 t a a ;
#X obj 639 600 s c a l e ;
#X obj 819 600 s c a l e ;

165 #X obj 1009 600 s c a l e ;
#X obj 1242 494 separa to r ;
#X obj 1241 582 s c a l e ;
#X obj 639 663 square 1 ;
#X obj 825 664 square 1 ;

170 #X obj 1013 668 square 1 ;
#X obj 1238 658 square 1 ;
#X f loatatom 1014 85 5 0 0 0 − − − , f 5 ;
#X obj 1016 108 expr 1.0/4.0+0.5∗(1 − cos (3 .141592653∗ $ f 1 ) ) ∗ ( 1 . 0 /2 . 0 −1 . 0/4 . 0 )
;

175 #X obj 1012 160 expr sq r t ( 2 . 0 ) ∗ (1 .0/2 .0 − $ f 1 ) ;
#X f loatatom 1058 133 5 0 0 0 − − − , f 5 ;
#X f loatatom 1045 183 5 0 0 0 − − − , f 5 ;
#X obj 1103 131 s sca leA ;
#X obj 1160 572 r sca leA ;

180 #X obj 1006 234 s sca leB ;
#X obj 1257 204 −;
#X obj 1257 160 t b f ;
#X obj 1258 251 s o f f s e tA ;
#X obj 639 551 translateXYZ −0.5 0 0 ;

185 #X obj 1121 506 r o f f s e tA ;
#X obj 902 521 ∗ −1;
#X obj 820 552 translateXYZ 0 −0.5 0 ;
#X obj 1011 550 translateXYZ −0.5 0 0 ;
#X obj 1244 552 translateXYZ 0 0 .5 0 ;

190 #X obj 1257 182 1 ;
#X obj 1013 134 t f f ;
#X obj 735 461 t a a a a a ;
#X obj 631 699 separa to r ;
#X obj 1001 700 separa to r ;

195 #X obj 811 702 separa to r ;
#X obj 634 799 s c a l e ;
#X obj 814 799 s c a l e ;
#X obj 1004 798 s c a l e ;
#X obj 1234 702 separa to r ;

200 #X obj 1237 801 s c a l e ;
#X obj 631 871 square 1 ;
#X obj 817 872 square 1 ;
#X obj 1005 876 square 1 ;
#X obj 1230 866 square 1 ;

205 #X obj 631 759 translateXYZ −0.5 0 0 ;
#X obj 907 717 ∗ −1;
#X obj 812 760 translateXYZ 0 −0.5 0 ;
#X obj 1003 758 translateXYZ −0.5 0 0 ;
#X obj 1236 760 translateXYZ 0 0 .5 0 ;

210 #X obj 733 672 t a a a a a ;
#X obj 1149 711 r o f f s e tB ;
#X obj 1008 187 t f f ;
#X obj 1091 249 s o f f s e tB ;
#X obj 1152 780 r sca leB ;

215 #X obj 749 284 separa to r ;

11
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#X obj 737 414 rotateXYZ 0 0 45 ;
#X obj 639 622 rotateXYZ 0 0 45 ;
#X obj 820 620 rotateXYZ 0 0 45 ;
#X obj 1010 630 rotateXYZ 0 0 45 ;

220 #X obj 1239 602 rotateXYZ 0 0 45 ;
#X obj 1091 227 expr $ f 1 ;
#X obj 1257 226 expr $ f 1 ∗ s q r t ( 2 . 0 ) ;
#X obj 737 372 p i x t e x tu r e ;
#X msg 629 388 qua l i t y 2 ;

225 #X obj 630 363 loadbang ;
#X obj 752 309 colorRGB 1 1 1 ;
#X obj 15 112 ∗˜ 2 ;
#X obj 15 134 −˜ 1 ;
#X obj 15 156 abs ˜ ;

230 #X obj 642 119 gemwin 25 ;
#X obj 13 208 no i s e ˜ ;
#N canvas 163 366 454 660 f f t 0 ;
#X obj 19 17 block ˜ 4096 4 1 ;
#X obj 28 50 i n l e t ˜ ;

235 #X obj 28 72 ∗˜ ;
#X obj 31 334 r f f t ˜ ;
#X obj 32 368 ∗˜ ;
#X obj 32 396 −˜;
#X obj 62 372 ∗˜ ;

240 #X obj 95 371 ∗˜ ;
#X obj 127 371 ∗˜ ;
#X obj 40 305 t ab r e c e i v e ˜ window ;
#X obj 95 399 +˜;
#X obj 31 465 r i f f t ˜ ;

245 #X obj 31 487 ∗˜ ;
#X obj 31 509 ou t l e t ˜ ;
#X obj 343 23 i n l e t ;
#X obj 343 45 / 4096 ;
#X obj 343 67 i n t ;

250 #X obj 234 188 ∗ 4096 ;
#X obj 65 171 t ab r e c e i v e ˜ ramp ;
#X f loatatom 374 102 5 0 0 0 − − − , f 5 ;
#X obj 97 430 /˜ 1 ;
#X obj 30 422 /˜ 1 ;

255 #X obj 226 339 +˜;
#X obj 185 337 +˜;
#X obj 313 155 i n t ;
#X obj 288 131 t f f ;
#X obj 300 198 −;

260 #X obj 268 261 t b f ;
#X obj 268 283 1 ;
#X obj 268 305 −;
#X obj 185 301 ∗˜ 0 ;
#X obj 223 300 ∗˜ 0 ;

265 #X obj 330 308 ∗˜ 0 ;
#X obj 368 307 ∗˜ 0 ;
#X obj 382 201 ∗ 4096 ;
#X obj 249 49 i n l e t ˜ ;
#X obj 249 71 snapshot ˜ ;

270 #X obj 199 50 bang ˜ ;
#X obj 249 93 ∗ ;
#X obj 316 42 bng 15 250 50 0 empty empty empty 17 7 0 10 −262144 −1

12
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−1;
#X obj 378 124 + 1 ;

275 #X obj 378 146 i n t ;
#X obj 381 174 min 0 ;
#X obj 419 100 − 1 ;
#X obj 234 163 min 0 ;
#X obj 174 213 tabread4 ˜ re ;

280 #X obj 198 235 tabread4 ˜ im ;
#X obj 340 226 tabread4 ˜ re ;
#X obj 350 246 tabread4 ˜ im ;
#X connect 1 0 2 0 ;
#X connect 2 0 3 0 ;

285 #X connect 3 0 4 0 ;
#X connect 3 0 7 0 ;
#X connect 3 1 6 0 ;
#X connect 3 1 8 0 ;
#X connect 4 0 5 0 ;

290 #X connect 5 0 21 0 ;
#X connect 6 0 5 1 ;
#X connect 7 0 10 0 ;
#X connect 8 0 10 1 ;
#X connect 9 0 2 1 ;

295 #X connect 9 0 12 1 ;
#X connect 10 0 20 0 ;
#X connect 11 0 12 0 ;
#X connect 12 0 13 0 ;
#X connect 14 0 15 0 ;

300 #X connect 15 0 16 0 ;
#X connect 16 0 19 0 ;
#X connect 16 0 38 1 ;
#X connect 16 0 43 0 ;
#X connect 17 0 45 1 ;

305 #X connect 17 0 46 1 ;
#X connect 18 0 45 0 ;
#X connect 18 0 46 0 ;
#X connect 18 0 47 0 ;
#X connect 18 0 48 0 ;

310 #X connect 20 0 11 1 ;
#X connect 21 0 11 0 ;
#X connect 22 0 7 1 ;
#X connect 22 0 6 1 ;
#X connect 23 0 8 1 ;

315 #X connect 23 0 4 1 ;
#X connect 24 0 26 1 ;
#X connect 24 0 44 0 ;
#X connect 25 0 26 0 ;
#X connect 25 1 24 0 ;

320 #X connect 26 0 27 0 ;
#X connect 26 0 32 1 ;
#X connect 26 0 33 1 ;
#X connect 27 0 28 0 ;
#X connect 27 1 29 1 ;

325 #X connect 28 0 29 0 ;
#X connect 29 0 31 1 ;
#X connect 29 0 30 1 ;
#X connect 30 0 23 0 ;
#X connect 31 0 22 0 ;
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330 #X connect 32 0 23 1 ;
#X connect 33 0 22 1 ;
#X connect 34 0 47 1 ;
#X connect 34 0 48 1 ;
#X connect 35 0 36 0 ;

335 #X connect 36 0 38 0 ;
#X connect 37 0 36 0 ;
#X connect 38 0 25 0 ;
#X connect 38 0 40 0 ;
#X connect 39 0 16 0 ;

340 #X connect 40 0 41 0 ;
#X connect 41 0 42 0 ;
#X connect 42 0 34 0 ;
#X connect 43 0 42 1 ;
#X connect 43 0 44 1 ;

345 #X connect 44 0 17 0 ;
#X connect 45 0 30 0 ;
#X connect 46 0 31 0 ;
#X connect 47 0 32 0 ;
#X connect 48 0 33 0 ;

350 #X r e s t o r e 99 288 pd f f t ;
#X obj 97 311 ∗˜ 0 ;
#X obj 14 264 no i s e ˜ ;
#X msg 176 207 20 ;
#X obj 734 437 colorRGB 0.7 0 .7 0 . 7 ;

355 #X obj 649 193 t a a ;
#X obj 434 625 loadbang ;
#X msg 434 654 f i l e out 0 \ , auto 1 ;
#X obj 407 590 sp i go t ;
#X obj 3 34 bng 15 250 50 0 empty empty empty 17 7 0 10 −262144 −1

360 −1;
#X obj 13 90 v l i n e ˜ ;
#X obj 61 475 w r i t e s f ˜ 2 ;
#X msg 8 412 stop ;
#X msg 57 428 open −bytes 4 out . wav \ , s t a r t ;

365 #X msg 453 539 1 ;
#X msg 441 563 0 ;
#X obj 186 185 loadbang ;
#X msg 101 144 read −maxsize 1e+09 − r e s i z e \$1 re im ;
#X msg 13 66 0 \ , 1 600000 , f 13 ;

370 #X obj 8 390 de lay 600000;
#X msg 642 44 dimen 512 512 \ , c r e a t e \ , 1 ;
#X obj 737 350 p ix snap2tex 0 0 512 512 ;
#X obj 415 692 p i x wr i t e 0 0 512 512 ;
#X connect 0 0 1 0 ;

375 #X connect 1 0 126 0 ;
#X connect 2 0 3 2 ;
#X connect 2 0 109 2 ;
#X connect 3 0 16 0 ;
#X connect 7 0 8 0 ;

380 #X connect 8 0 9 0 ;
#X connect 9 0 10 0 ;
#X connect 10 0 11 0 ;
#X connect 10 0 14 0 ;
#X connect 11 0 12 0 ;

385 #X connect 12 0 10 1 ;
#X connect 13 0 15 0 ;
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#X connect 14 0 13 0 ;
#X connect 14 0 21 0 ;
#X connect 14 1 15 1 ;

390 #X connect 14 1 21 1 ;
#X connect 16 0 26 0 ;
#X connect 16 0 5 0 ;
#X connect 16 0 120 0 ;
#X connect 17 0 19 0 ;

395 #X connect 19 0 16 1 ;
#X connect 19 0 110 1 ;
#X connect 23 0 29 1 ;
#X connect 24 0 25 0 ;
#X connect 25 0 50 0 ;

400 #X connect 26 0 18 0 ;
#X connect 26 0 29 0 ;
#X connect 27 0 28 0 ;
#X connect 27 1 29 1 ;
#X connect 29 0 27 0 ;

405 #X connect 30 0 107 0 ;
#X connect 31 0 114 0 ;
#X connect 32 0 130 0 ;
#X connect 33 0 32 0 ;
#X connect 33 1 130 0 ;

410 #X connect 34 0 61 0 ;
#X connect 35 0 65 0 ;
#X connect 36 0 64 0 ;
#X connect 37 0 93 0 ;
#X connect 39 0 107 0 ;

415 #X connect 40 0 33 0 ;
#X connect 40 1 92 0 ;
#X connect 41 0 94 0 ;
#X connect 42 0 95 0 ;
#X connect 43 0 96 0 ;

420 #X connect 44 0 66 0 ;
#X connect 45 0 97 0 ;
#X connect 50 0 51 0 ;
#X connect 51 0 53 0 ;
#X connect 51 0 55 0 ;

425 #X connect 51 0 68 0 ;
#X connect 52 0 54 0 ;
#X connect 52 0 89 0 ;
#X connect 56 0 43 1 ;
#X connect 56 0 42 1 ;

430 #X connect 56 0 41 1 ;
#X connect 56 0 45 1 ;
#X connect 58 0 99 0 ;
#X connect 59 0 67 0 ;
#X connect 59 1 58 1 ;

435 #X connect 61 0 41 0 ;
#X connect 62 0 63 0 ;
#X connect 62 0 65 1 ;
#X connect 62 0 66 2 ;
#X connect 63 0 64 2 ;

440 #X connect 63 0 61 1 ;
#X connect 64 0 42 0 ;
#X connect 65 0 43 0 ;
#X connect 66 0 45 0 ;

15
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#X connect 67 0 58 0 ;
445 #X connect 68 0 52 0 ;

#X connect 68 1 59 0 ;
#X connect 69 0 34 0 ;
#X connect 69 1 36 0 ;
#X connect 69 2 35 0 ;

450 #X connect 69 3 44 0 ;
#X connect 69 4 87 0 ;
#X connect 70 0 82 0 ;
#X connect 71 0 85 0 ;
#X connect 72 0 84 0 ;

455 #X connect 73 0 78 0 ;
#X connect 74 0 79 0 ;
#X connect 75 0 80 0 ;
#X connect 76 0 86 0 ;
#X connect 77 0 81 0 ;

460 #X connect 82 0 73 0 ;
#X connect 83 0 84 2 ;
#X connect 83 0 82 1 ;
#X connect 83 0 85 2 ;
#X connect 83 0 84 1 ;

465 #X connect 84 0 74 0 ;
#X connect 85 0 75 0 ;
#X connect 86 0 77 0 ;
#X connect 87 0 70 0 ;
#X connect 87 1 72 0 ;

470 #X connect 87 2 71 0 ;
#X connect 87 3 76 0 ;
#X connect 88 0 83 0 ;
#X connect 88 0 85 1 ;
#X connect 88 0 86 2 ;

475 #X connect 88 0 86 1 ;
#X connect 88 0 82 2 ;
#X connect 89 0 57 0 ;
#X connect 89 1 98 0 ;
#X connect 91 0 75 1 ;

480 #X connect 91 0 74 1 ;
#X connect 91 0 73 1 ;
#X connect 91 0 77 1 ;
#X connect 92 0 103 0 ;
#X connect 93 0 113 0 ;

485 #X connect 94 0 46 0 ;
#X connect 95 0 47 0 ;
#X connect 96 0 48 0 ;
#X connect 97 0 49 0 ;
#X connect 98 0 90 0 ;

490 #X connect 99 0 60 0 ;
#X connect 100 0 37 0 ;
#X connect 101 0 100 0 ;
#X connect 102 0 101 0 ;
#X connect 103 0 38 0 ;

495 #X connect 104 0 105 0 ;
#X connect 105 0 106 0 ;
#X connect 106 0 3 1 ;
#X connect 106 0 25 0 ;
#X connect 106 0 109 1 ;

500 #X connect 108 0 3 0 ;
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#X connect 109 0 110 0 ;
#X connect 110 0 5 1 ;
#X connect 110 0 120 1 ;
#X connect 111 0 109 0 ;

505 #X connect 112 0 17 0 ;
#X connect 113 0 69 0 ;
#X connect 114 0 117 0 ;
#X connect 114 1 40 0 ;
#X connect 115 0 116 0 ;

510 #X connect 116 0 131 0 ;
#X connect 117 0 131 0 ;
#X connect 118 0 127 0 ;
#X connect 118 0 122 0 ;
#X connect 118 0 123 0 ;

515 #X connect 118 0 128 0 ;
#X connect 119 0 104 0 ;
#X connect 121 0 120 0 ;
#X connect 122 0 120 0 ;
#X connect 123 0 117 1 ;

520 #X connect 124 0 117 1 ;
#X connect 125 0 112 0 ;
#X connect 126 0 2 0 ;
#X connect 127 0 119 0 ;
#X connect 128 0 121 0 ;

525 #X connect 128 0 124 0 ;
#X connect 129 0 107 0 ;
#X connect 130 0 100 0 ;
#X connect 130 1 100 1 ;

4 c/graphgrow filter vert.glsl

#ver s i on 330 core

uniform f l o a t u b ins ;

5 out f l o a t i b i n ;

void main ( ) {
switch ( g l VertexID ) {

de f au l t :
10 case 0 :

g l P o s i t i o n = vec4 ( −1 .0 , 0 . 0 , 0 . 0 , 1 . 0 ) ;
i b i n = 0 . 0 ;
break ;

case 1 :
15 g l P o s i t i o n = vec4 ( 1 . 0 , 0 . 0 , 0 . 0 , 1 . 0 ) ;

i b i n = u b ins / 2 . 0 ;
break ;

}
}

5 c/Makefile

graphgrow− f i l t e r : graphgrow− f i l t e r . c g r a ph g r ow f i l t e r f r a g . g l s l . c ⤦
Ç g r a ph g r ow f i l t e r v e r t . g l s l . c shader . c shader . h

gcc −std=c99 −Wall −Wextra −pedant ic −O3 −fopenmp −o graphgrow− f i l t e r ⤦
Ç graphgrow− f i l t e r . c shader . c −lm − l s n d f i l e −lGL −lGLEW − l g l fw

17
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g r a ph g r ow f i l t e r f r a g . g l s l . c : g r a ph g r ow f i l t e r f r a g . g l s l s2c . sh
5 . / s2c . sh g r a ph g r ow f i l t e r f r a g < g r a ph g r ow f i l t e r f r a g . g l s l > ⤦

Ç g r a ph g r ow f i l t e r f r a g . g l s l . c

g r a ph g r ow f i l t e r v e r t . g l s l . c : g r a ph g r ow f i l t e r v e r t . g l s l s2c . sh
. / s2c . sh g r a ph g r ow f i l t e r v e r t < g r a ph g r ow f i l t e r v e r t . g l s l > ⤦

Ç g r a ph g r ow f i l t e r v e r t . g l s l . c

10 . SUFFIXES :

6 c/s2c.sh

#!/bin /bash
echo ”/∗ machine−generated f i l e , do not ed i t ∗/”
echo ” s t a t i c const char $1 [ ] =”
sed ’ s | / / . ∗ | | ’ |

5 sed ’ s | ˆ | ” | ’ |
sed ’ s | $ | \\n ” | ’
echo ” ;”

7 c/shader.c

/∗ =====================================================================
pool −party −− water s imu la t i on
Copyright (C) 2016 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 based on :
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Generic Shader
10 ===================================================================== ∗/

#inc lude <s t d i o . h>
#inc lude <s t d l i b . h>
#inc lude ” shader . h”

15

//======================================================================
// pr in t a shader object ’ s debug log
void shader debug (GLuint obj ) {
// return ; // FIXME: only dump l og s when shader compi le / l i n k f a i l e d

20 i n t in fo l ogLength = 0 ;
i n t maxLength ;
i f ( g l I sShade r ( obj ) ) {

glGetShader iv ( obj , GL INFO LOG LENGTH, &maxLength ) ;
} e l s e {

25 glGetProgramiv ( obj , GL INFO LOG LENGTH, &maxLength ) ;
}
char ∗ in foLog = mal loc (maxLength ) ;
i f ( ! in foLog ) {

re turn ;
30 }

i f ( g l I sShade r ( obj ) ) {
glGetShaderInfoLog ( obj , maxLength , &in fo logLength , in foLog ) ;

} e l s e {

18
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glGetProgramInfoLog ( obj , maxLength , &in fo logLength , in foLog ) ;
35 }

i f ( in fo l ogLength > 0) {
f p r i n t f ( s tde r r , ”%s \n” , in foLog ) ;

}
f r e e ( in foLog ) ;

40 }

//======================================================================
// gene r i c shader i n i t i a l i z a t i o n
s t r u c t shader ∗ s h a d e r i n i t (

45 s t r u c t shader ∗ shader , const char ∗vert , const char ∗ f r a g
) {

i f ( ! shader ) { re turn 0 ; }
shader−> l i n kS t a tu s = 0 ;
shader−>vertexSource = ver t ;

50 shader−>f ragmentSource = f r ag ;
i f ( shader−>vertexSource | | shader−>f ragmentSource ) {

shader−>program = glCreateProgram ( ) ;
i f ( shader−>vertexSource ) {

shader−>ver tex =
55 glCreateShader (GL VERTEX SHADER) ;

g lShaderSource ( shader−>vertex ,
1 , &shader−>vertexSource , 0

) ;
glCompileShader ( shader−>ver tex ) ;

60 shader debug ( shader−>ver tex ) ;
g lAttachShader ( shader−>program , shader−>ver tex ) ;

}
i f ( shader−>f ragmentSource ) {

shader−>fragment =
65 glCreateShader (GL FRAGMENT SHADER) ;

g lShaderSource ( shader−>fragment ,
1 , &shader−>fragmentSource , 0

) ;
glCompileShader ( shader−>fragment ) ;

70 shader debug ( shader−>fragment ) ;
g lAttachShader ( shader−>program , shader−>fragment ) ;

}
glLinkProgram ( shader−>program ) ;
shader debug ( shader−>program ) ;

75 glGetProgramiv ( shader−>program ,
GL LINK STATUS, &shader−> l i n kS t a tu s

) ;
i f ( ! shader−> l i n kS t a tu s ) { re turn 0 ; }

} e l s e { re turn 0 ; }
80 re turn shader ;

}

// EOF

8 c/shader.h

/∗ =====================================================================
pool −party −− water s imu la t i on
Copyright (C) 2016 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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5 based on :
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Generic Shader
10 ===================================================================== ∗/

#i f n d e f SHADER H
#de f i n e SHADER H 1

15 #inc lude <GL/glew . h>

//======================================================================
// gene r i c shader data
s t r u c t shader {

20 GLint l i nkS t a tu s ;
GLuint program ;
GLuint fragment ;
GLuint ver tex ;
const char ∗ f ragmentSource ;

25 const char ∗ vertexSource ;
} ;

//======================================================================
// gene r i c shader uniform l o c a t i o n ac c e s s macro

30 #de f i n e shader uni form ( s e l f , name) \
( s e l f )−>uniform . name = \

glGetUniformLocation ( ( s e l f )−>shader . program , #name)

//======================================================================
35 // g ene r i c shader uniform update a c c e s s macro ( i n t e g e r )

#de f i n e shader update i ( s e l f , name) \
g lUni form1i ( ( s e l f )−>uniform . name , ( s e l f )−>value . name)

//======================================================================
40 // g ene r i c shader uniform update a c c e s s macro ( i n t e g e r vec to r )

#de f i n e shader update2 i ( s e l f , name) \
glUni form2iv ( ( s e l f )−>uniform . name , 1 , ( s e l f )−>value . name)

//======================================================================
45 // g ene r i c shader uniform update a c c e s s macro ( f l o a t )

#de f i n e shader update f ( s e l f , name) \
g lUni form1f ( ( s e l f )−>uniform . name , ( s e l f )−>value . name)

//======================================================================
50 // g ene r i c shader i n i t i a l i z a t i o n

s t r u c t shader ∗ s h a d e r i n i t (
s t r u c t shader ∗ shader , const char ∗vert , const char ∗ f r a g

) ;

55 #end i f

9 extra/mk.hs

import Control .Monad ( forM )
import Control .Monad .ST (ST, runST)
import Data . STRef

20
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5 import Data . Array . Unboxed as A
import Data . Array .ST (STUArray , newArray , readArray , writeArray )
import Data . Array . Unsafe ( unsa f eFreeze )

import Data . ByteStr ing as S t r i c t
10 import Data . ByteStr ing . Lazy as Lazy

import Data . Char as C hid ing ( isAlpha , toUpper )
import Data . L i s t as L
import Data .Map as M

15 import Data . Ord as O
import Data . Set as S
import Data .Word as W

import System . Environment ( getArgs )
20

equat ing f a b = f a == f b

chain : : Ord a => Set a −> [ a ] −> UArray ( Int , Int ) Word64
chain wordSet input@ ( hinput : t input ) = runST $ do

25 l e t n = S . s i z e wordSet
bs = ( ( 0 , 0 ) , ( ( n−1) , ( n−1) ) )
i x w = S . s i z e ( f s t (w ‘S . s p l i t ‘ wordSet ) )
inc x | x == maxBound = maxBound

| otherwi s e = x + 1
30 ar r <− newArray bs 0 : : ST s (STUArray s ( Int , Int ) Word64)

context <− newSTRef ( i x hinput )
forM ( t input ++ [ hinput ] ) $ \word −> do

i <− readSTRef context
l e t j = ix word

35 writeArray ar r ( i , j ) . i n c =<< readArray ar r ( i , j )
writeSTRef context j

unsa feFreeze ar r

prettyChain : : Int −> Set S t r i c t . ByteStr ing −> UArray ( Int , Int ) Word64 −> Lazy .⤦
Ç ByteStr ing

40 prettyChain maxLinks wordSet chain = Lazy . fromChunks . L . concat $
[ L . i n t e r s p e r s e spc ( [ context , c o l ] ++ (L .map f s t . L . take maxLinks . L . sortBy⤦

Ç ( f l i p ( comparing snd ) ) ) [ (word , count ) | (word , j ) <− S . t oL i s t wordSet⤦
Ç ‘L . z ip ‘ [ i+0− i . . ] , l e t count = chain A . ! ( i , j ) , count > 0 ] ) ++ [ eo l ] ⤦
Ç | ( context , i ) <− S . t oL i s t wordSet ‘L . z ip ‘ [ 0 . . ] ]

where
e o l = S t r i c t . pack [ f r omInteg ra l $ ord ’\n ’ ]
spc = S t r i c t . pack [ f r omInteg ra l $ ord ’ ’ ]

45 c o l = S t r i c t . pack [ f r omInteg ra l $ ord ’ : ’ ]

h istogram : : Ord a => [ a ] −> Map a Int
histogram = L . f o l d l ’ i nc M. empty

where
50 i n c m w = case M. lookup w m of

Nothing −> M. i n s e r t w 1 m
Just k −> l e t k ’ = k + 1 in k ’ ‘ seq ‘ M. i n s e r t w k ’ m

commonest : : Ord a => Map a Int −> [ a ]
55 commonest = L .map f s t . L . sortBy ( f l i p ( comparing snd ) ) . M. t oL i s t
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toWords : : S t r ing −> Lazy . ByteStr ing −> [ S t r i c t . ByteStr ing ]
toWords tag = L . concatMap ( lineWords tag ) . L .map t o S t r i c t . l l i n e s

60 l ineWords : : S t r ing −> S t r i c t . ByteStr ing −> [ S t r i c t . ByteStr ing ]
l ineWords ” i r c ” = \ l −> case S t r i c t . uncons ( S t r i c t . drop 9 l ) o f

Just ( c , l )
| c == f romInteg ra l ( ord ’ − ’ ) −> [ ]
| otherwi s e −> (L . drop 1 . L . f i l t e r isWord . S t r i c t . groupBy ( equat ing ⤦

Ç i sAlpha ) . S t r i c t .map toUpper ) l
65 Nothing −> [ ]

l ineWords ”mail ” = L . drop 1 . L . f i l t e r isWord . S t r i c t . groupBy ( equat ing ⤦
Ç i sAlpha ) . S t r i c t .map toUpper

isWord : : S t r i c t . ByteStr ing −> Bool
isWord s = 4 <= S t r i c t . l ength s && S t r i c t . a l l i sAlpha s

70

i sAlpha : : Word8 −> Bool
isAlpha = \c −> a <= c && c <= z

where
a = f romInteg ra l ( ord ’A’ )

75 z = f romInteg ra l ( ord ’Z ’ )

toUpper : : Word8 −> Word8
toUpper = \c −> i f a <= c && c <= z then c − a + bigA e l s e c

where
80 a = f romInteg ra l ( ord ’ a ’ )

z = f romInteg ra l ( ord ’ z ’ )
bigA = f romInteg ra l ( ord ’A’ )

t o S t r i c t : : Lazy . ByteStr ing −> S t r i c t . ByteStr ing
85 t o S t r i c t = S t r i c t . concat . Lazy . toChunks

l l i n e s : : Lazy . ByteStr ing −> [ Lazy . ByteStr ing ]
l l i n e s s = i f Lazy . nu l l s then [ ] e l s e l : l l i n e s ( Lazy . drop 1 l s )

where
90 ( l , l s ) = Lazy . span neo l s

neo l = \c −> c /= eo l
where

e o l = f romInteg ra l ( ord ’\n ’ )
95

s l i n e s : : S t r i c t . ByteStr ing −> [ S t r i c t . ByteStr ing ]
s l i n e s s = i f S t r i c t . nu l l s then [ ] e l s e l : s l i n e s ( S t r i c t . drop 1 l s )

where
( l , l s ) = S t r i c t . span neo l s

100

nl = S t r i c t . pack [ f r omInteg ra l $ ord ’\n ’ ]

main : : IO ( )
main = do

105 args <− getArgs
case args o f

[ tag , ”words ” , wordCount ] −> Lazy . i n t e r a c t ( Lazy . fromChunks . L . concatMap (\⤦
Ç x−>[x , n l ] ) . L . take ( read wordCount ) . commonest . histogram . toWords⤦
Ç tag )

[ tag , ” chain ” , wordFi le ] −> do
wordList <− (S . f romList . s l i n e s ) ‘ fmap ‘ S t r i c t . r e adF i l e wordFi le
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110 Lazy . i n t e r a c t ( prettyChain 32 wordList . chain wordList . L . f i l t e r ( ‘ S .⤦
Ç member ‘ wordList ) . toWords tag )

10 Fractal/GraphGrow/Analysis/Statistics.hs

module Frac ta l . GraphGrow . Ana lys i s . S t a t i s t i c s where

import Data . L i s t ( f o l d l ’ )
import Data . Monoid (Monoid ( . . ) )

5

data Stat s = Stat { s0 , s1 , s2 : : ! s }
de r i v i ng (Eq , Ord , Read , Show)

in s t ance Num s => Monoid ( Stat s ) where
10 mempty = Stat { s0 = 0 , s1 = 0 , s2 = 0 }

a ‘mappend ‘ b = Stat { s0 = s0 a + s0 b , s1 = s1 a + s1 b , s2 = s2 a + s2 b }
mconcat = f o l d l ’ mappend mempty

s t a t : : Num s => s −> Stat s
15 s t a t s = Stat { s0 = 1 , s1 = s , s2 = s ∗ s }

getCount : : Stat s −> s
getCount = s0

20 getSum : : Stat s −> s
getSum = s1

getMean : : F ra c t i ona l s => Stat s −> s
getMean s = s1 s / s0 s

25

getVar iance : : F ra c t i ona l s => Stat s −> s
getVar iance s = ( s0 s ∗ s2 s − s1 s ∗ s1 s ) / ( s0 s ∗ s0 s )

getStdDev : : F loat ing s => Stat s −> s
30 getStdDev = sq r t . getVar iance

type StatOrd s = ( Stat s , MinMax s )

statOrd : : Num s => s −> StatOrd s
35 statOrd s = ( s t a t s , minMax s )

newtype MinMax s = MinMax{ getMinMax : : Maybe ( s , s ) }
de r i v i ng (Eq , Ord , Read , Show)

40 minMax : : s −> MinMax s
minMax s = MinMax $ ! Just $ ! ( ( ( , ) $ ! s ) $ ! s )

i n s t ance Ord s => Monoid (MinMax s ) where
mempty = MinMax Nothing

45 MinMax Nothing ‘mappend ‘ b = b
a ‘mappend ‘ MinMax Nothing = a
MinMax ( Just ( ain , aax ) ) ‘mappend ‘ MinMax ( Just ( bin , bax ) ) = MinMax $ ! Just $⤦

Ç ! ( ( ( , ) $ ! a in ‘min ‘ bin ) $ ! aax ‘max ‘ bax )
mconcat = f o l d l ’ mappend mempty

11 Fractal/GraphGrow/Editor/Graph.hs
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{−# LANGUAGE MultiParamTypeClasses , TypeFamil ies #−}
module Frac ta l . GraphGrow . Editor . Graph (GraphEditor , newGraphEditor ) where

import Graphics . UI . Gtk . Toy . Prelude h id ing (D, bg )
5

import Data . Colour . RGBSpace (uncurryRGB)
import Data . Colour . RGBSpace .HSV ( hsv )
import Data . Colour .SRGB (sRGB, toSRGBBounded)
import Data . Fixed (mod ’ )

10

import Data . Defau l t ( Defau l t ( de f ) )
import Data . Label ( get )
import q u a l i f i e d Data .Map as M
import Data .Maybe (maybeToList )

15

import q u a l i f i e d Graphics . UI . Gtk as G
import Control .Monad ( forM )
import Data . IORef ( IORef , newIORef , readIORef , writeIORef )

20 import Frac ta l . GraphGrow . Engine . Geometry ( Transform , s ca l e , ro tate , t r a n s l a t e )
import Frac ta l . GraphGrow . Engine . Graph (Node (Node ) )

type GraphEditor = Toy Graph

25 newGraphEditor : : Node −> ( [ ( Node , Transform ) ] −> IO ( ) ) −> IO GraphEditor
newGraphEditor node putUpdates = newToy ( graph node putUpdates )

setGraphEditorNodes : : GraphEditor −> [ Node ] −> IO ( )
setGraphEditorNodes tb nodes = do

30 g <− snd ‘ fmap ‘ readIORef ( toyState tb )

phi : : Double
phi = ( sq r t 5 + 1) / 2

35

nodeColour (Node n) = uncurryRGB sRGB $ hsv (360 ∗ ( ( phi ∗ f r omInteg ra l n) ‘mod⤦
Ç ’ ‘ 1) ) 1 1

type D = Draggable Cairo CairoDiagram −− every th ing needs be draggable

40 −− knob and l i n k i d s
type KID = Int
type LID = (KID, KID)

−− th ing s
45 data Thing = Background {−nextKnobID−}KID D | Knob {− i sF ixedPos i t i on −}Bool KID D⤦

Ç D | Link LID D D Node

−− v i s u a l r ep r e s en t a t i on
bg n = mkDraggable ( r2 (300 , 300) ) $ r e c t 600 600 # f c ( blend (1/16) ( nodeColour⤦

Ç n) white )
knob n f i x ed p =

50 ( mkDraggable ( r2 p) $ shape 5 # l c black # f c c o l
, mkDraggable ( r2 p) $ shape 12 # fcA ( co l ‘ withOpacity ‘ 0 . 5 )
)

where
c o l = nodeColour n
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55 shape = i f f i x ed then square . ( ( p i /2) ∗) e l s e c i r c l e
l i n k n p@(x0 , y0 ) q@(x1 , y1 ) =

( mkDraggable ( r2 ( ( x0+x1 ) /2 , ( y0+y1 ) /2) ) $ c i r c l e 5 # l c black # f c c o l
, mkDraggable ( r2 (0 , 0 ) ) $ p2 p ˜˜ p2 q # st roke # l c c o l
)

60 where
c o l = nodeColour n

−− ex t r a c t diagrams
tDiagram (Background d) = [ d ]

65 tDiagram (Knob d1 d2 ) = [ d1 , d2 ] −− d1 i s inner core , d2 i s outer r i ng
tDiagram ( Link d1 d2 ) = [ d1 , d2 ] −− d1 i s inner core , d2 i s l i n e

−− what did a mouse event do
data Act

70 = Create KID
| Delete KID
| MoveStart KID
| Moving KID
| MoveStop KID

75 | LinkStart KID (Double , Double )
| Linking (Double , Double )
| LinkStop (Maybe (KID, (Double , Double ) ) )

−− what mode are we in
80 data Mode

= MMove KID −− moving a knob
| MLink KID (Double , Double ) (Double , Double ) −− c r e a t i n g a l i n k

data Graph = Graph
85 { gNode : : Node

, gGetNodes : : IO [ Node ]
, gPutEdges : : [ ( Node , Transform ) ] −> IO ( )
, gMode : : Maybe Mode
, gThings : : [ Thing ]

90 }

−− update l i n k s when knobs are moved or de l e t ed
r e s o r t g@Graph{ gThings = t s } = g{ gThings = ts ’ }

where
95 knobs = [ n | n@(Knob {}) <− t s ]

l i n k s = [ l | l@ ( Link {}) <− t s ]
backg = [ b | b@(Background {}) <− t s ]
p o s i t i o n s = M. f romList [ ( i , unr2 $ get dragOf f s e t d) | Knob i d <− ⤦

Ç knobs ]
l i nk s ’ =

100 [ Link i j d1 d2 n
| Link i j@ ( i , j ) n <− l i n k s
, ( d1 , d2 ) <− maybeToList $

l i f tA 2 ( l i n k n) (M. lookup i p o s i t i o n s ) (M. lookup j p o s i t i o n s )
]

105 ts ’ = knobs ++ l ink s ’ ++ backg

−− mouse handl ing
−− l i n k i n g knobs
tMouse ( Just (MLink j q ) ) ( Just ( False , 0) ) p t@(Background ) ⤦

Ç = ( Just $ LinkStop Nothing , [ t⤦
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Ç ] ) −− note : Background i s the l a s t Thing in the l i s t
110 tMouse ( Just (MLink j q ) ) ( Just ( False , 0) ) p t@(Knob f i x ed i d1 d2 ) | j /= i ⤦

Ç && c l i c k I n s i d e d2 ( p2 p) = ( Just $ LinkStop ( Just ( i , p ) ) , [ t ] )
tMouse ( Just (MLink j q ) ) ( Just ( False , 0) ) p t ⤦

Ç = (Nothing ⤦
Ç , [ t ] )

tMouse ( Just (MLink j q ) ) p t ⤦
Ç = ( Just $ ⤦
Ç Linking p , [ t ] )

−− moving knobs
tMouse Nothing m@( Just (True , 0) ) p t@(Knob f i x ed i d1 d2 ) | ⤦

Ç c l i c k I n s i d e d1 ( p2 p) && not f i x ed = ( Just $ MoveStart i , [ Knob Fal se i ⤦
Ç (mouseDrag m p d1 ) (mouseDrag m p d2 ) ] )

115 | ⤦
Ç c l i c k I n s i d e⤦
Ç d2 ⤦
Ç ( p2 ⤦
Ç p) ⤦
Ç ⤦

Ç = (⤦
Ç Just⤦
Ç $ ⤦
Ç LinkStart⤦
Ç i p⤦
Ç ⤦

Ç ⤦

Ç , [ t⤦
Ç ] )

tMouse ( Just (MMove j ) ) m@( Just ( False , 0) ) p (Knob Fal se i d1 d2 ) | j == i ⤦
Ç = ( Just $ MoveStop i , [Knob Fal se i (⤦
Ç mouseDrag m p d1 ) (mouseDrag m p d2 ) ] )

tMouse ( Just (MMove j ) ) m p (Knob Fal se i d1 d2 ) | j == i ⤦
Ç = ( Just $ Moving i , [Knob Fal se i (⤦
Ç mouseDrag m p d1 ) (mouseDrag m p d2 ) ] )

−− c r e a t i n g knobs
tMouse c Nothing ( Just (True , 0) ) p ( Background i d) ⤦

Ç = ( Just $ Create i , [ uncurry⤦
Ç (Knob Fal se i ) ( knob c Fa l se p) , Background ( i + 1) d ] )

120 tMouse Nothing ( Just (True , 1) ) p (Knob Fal se i d1 d2 ) | ⤦
Ç c l i c k I n s i d e d1 ( p2 p) = ( Just $ Delete i , [ ] )

tMouse currentMode mouseEvent t@ thingToTest ⤦
Ç = (Nothing , [ t ] )

−− concatMap un t i l a th ing s i g n a l s something was done , then j u s t copy the r e s t
tMouses a@( Just ) ws = (a , ws )

125 tMouses Nothing [ ] = (Nothing , [ ] )
tMouses c d m p Nothing (w: ws ) =

l e t ( a , ws ’ ) = tMouse c d m p w
in (ws ’ ++) ‘ fmap ‘ tMouses c d m p a ws

130 type in s t ance V Graph = R2

graph node getNodes putUpdates = Graph node getNodes putUpdates Nothing
[ uncurry (Knob True 1) ( knob node True (500 , 300) )
, uncurry (Knob True 0) ( knob node True (100 , 300) )

135 , Background 2 ( bg node )
]
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i n s t ance I n t e r a c t i v e Graph where
mouse = simpleMouse $ \m p g@(Graph{ gNode = c , gMode = d , gThings = t s }) −> ⤦

Ç r e s o r t $ case (d , tMouses c d m p Nothing t s ) o f
140 −− moving knobs

( Nothing , ( Just (MoveStart i ) , ts ’ ) ) −> g{ ⤦
Ç gThings = ts ’ , gMode = Just (MMove i ) }

( Just (MMove j ) , ( Just (Moving i ) , ts ’ ) ) | j == i −> g{ ⤦
Ç gThings = ts ’ , gMode = Just (MMove i ) }

( Just (MMove j ) , ( Just (MoveStop i ) , ts ’ ) ) | j == i −> g{ ⤦
Ç gThings = ts ’ , gMode = Nothing }

−− l i n k i n g knobs
145 ( Nothing , ( Just ( LinkStart i p ) , ts ’ ) ) −> g{ ⤦

Ç gThings = ts ’ , gMode = Just (MLink i p p) }
( Just (MLink j q ) , ( Just ( Linking p ) , ts ’ ) ) −> g{ ⤦

Ç gThings = ts ’ , gMode = Just (MLink j q p) }
( Just (MLink j q ) , ( Just ( LinkStop ( Just ( i , p ) ) ) , ts ’ ) ) | j /= i −> g{ ⤦

Ç gThings = uncurry ( Link ( j , i ) ) ( l i n k c q p) c : ts ’ , gMode = Nothing }
( Just (MLink j q ) , ( Just ( LinkStop Nothing ) , ts ’ ) ) −> g{ ⤦

Ç gThings = ts ’ , gMode = Nothing }
−− everyth ing e l s e

150 ( , ( , ts ’ ) ) −> g{ gThings = ts ’ , gMode = Nothing }

i n s t ance Diagrammable Cairo Graph where
diagram (Graph{ gMode = m, gThings = t s }) = mconcat . map diagram $ ⤦

Ç modeDiagram ++ concatMap tDiagram t s
where

155 modeDiagram = case m of
Just (MLink p q ) −> [ mkDraggable ( r2 (0 , 0 ) ) $ p2 p ˜˜ p2 q # st roke # ⤦

Ç l c b lack ]
−> [ ]

i n s t ance GtkInte rac t ive Graph where
160 d i sp l ay = displayDiagram diagram

main : : IO ( )
main = do

G. initGUI
165 graphsRef <− newIORef M. empty

window <− G.windowNew
G. windowSetDefaultSize window 600 600
box <− G. hButtonBoxNew

170 button <− G. buttonNewWithLabel ”+”
button ‘G. on ‘ G. buttonActivated $ do

graphs <− readIORef graphsRef
l e t n = maybe (Node 0) ( (\ ( Node m) −> Node (m+1) ) . f s t . f s t ) (M.⤦

Ç maxViewWithKey graphs )
gco l = uncurryRGB G. Color $ toSRGBBounded ( nodeColour n)

175 g <− newGraphEditor n (M. keys ‘ fmap ‘ readIORef graphsRef ) (\ −> re turn ( ) )
w <− G.windowNew
G. windowSetGeometryHints w ( Nothing ‘ asTypeOf ‘ Just w) ( Just (600 , 600) ) (⤦

Ç Just (600 , 600) ) Nothing Nothing Nothing
G. s e t w $ [G. conta ine rCh i ld G. := toyWindow g ]
writeIORef graphsRef (M. i n s e r t n (w, g ) graphs )

180 b <− G. buttonNew
b ‘G. on ‘ G. buttonActivated $ G. windowPresent{−WithTime−} w
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forM [G. StateNormal , G. StateAct ive , G. S ta t ePre l i gh t , G. Sta teSe l e c t ed , G.⤦
Ç S t a t e I n s e n s i t i v e ] $ \ s −>

G. widgetModifyBg b s gco l
G. containerAdd box b

185 G. widgetShowAll window
G. widgetShowAll w

G. containerAdd box button
G. containerAdd window box

190 G. widgetShowAll window
G.mainGUI

12 Fractal/GraphGrow/Engine/Geometry.hs

module Frac ta l . GraphGrow . Engine . Geometry
( −− ∗ Af f i n e t rans forms .

Transform ( Transform )
, i d e n t i t y

5 , o
, compose
, s c a l e
, r o t a t e
, t r a n s l a t e

10 −− ∗ Vectors .
, Point ( Point )
, s c a l ePo in t
, addPoint
, d i s tanceSquared

15 −− ∗ I n spe c t i ng trans forms .
, c en t e r
, s i z eSquared
−− ∗ Bounding boxes .

, Box(Box)
20 , makeBox

, sca leBox
, boxSize
, clampBox
, outsideBox

25 , ) where

import Data . L i s t ( f o l d l ’ )
import Fore ign ( Sto rab l e ( . . ) , ca s tPtr )

30 import Frac ta l . GraphGrow . U t i l s ( sqr , clamp )

data Transform = Transform ! Double ! Double ! Double ! Double ! Double ! Double
d e r i v i ng (Read , Show)

in s t ance Sto rab l e Transform where
35 al ignment = al ignment (0 : : Double )

s i z eO f = 6 ∗ s i z eO f (0 : : Double )
poke p ( Transform a b c d e f ) = do

l e t q = castPtr p
pokeElemOff q 0 a

40 pokeElemOff q 1 b
pokeElemOff q 2 c
pokeElemOff q 3 d
pokeElemOff q 4 e

28



graphgrow Fractal/GraphGrow/Engine/Geometry.hs

pokeElemOff q 5 f
45 peek p = do

l e t q = castPtr p
a <− peekElemOff q 0
b <− peekElemOff q 1
c <− peekElemOff q 2

50 d <− peekElemOff q 3
e <− peekElemOff q 4
f <− peekElemOff q 5
re turn ( Transform a b c d e f )

55 i d e n t i t y : : Transform
i d en t i t y = Transform 1 0 0 1 0 0

o : : Transform −> Transform −> Transform
Transform a b c d e f ‘ o ‘ Transform u v w x y z = Transform

60 ( a ∗ u + b ∗ w) ( a ∗ v + b ∗ x )
( c ∗ u + d ∗ w) ( c ∗ v + d ∗ x )
( a ∗ y + b ∗ z + e ) ( c ∗ y + d ∗ z + f )

compose : : [ Transform ] −> Transform
65 compose = f o l d l ’ o i d e n t i t y

s c a l e : : Double −> Transform
s c a l e f a c t o r = Transform f a c t o r 0 0 f a c t o r 0 0

70 r o t a t e : : Double −> Transform
ro ta t e turns = Transform c (− s ) s c 0 0

where
a = 2 ∗ pi ∗ turns
c = cos a

75 s = s i n a

t r a n s l a t e : : Double −> Double −> Transform
t r a n s l a t e x y = Transform 1 0 0 1 x y

80 data Point = Point ! Double ! Double
d e r i v i ng (Read , Show)

s ca l ePo in t : : Double −> Point −> Point
s c a l ePo in t f a c t o r ( Point x y ) = Point ( f a c t o r ∗ x ) ( f a c t o r ∗ y )

85

addPoint : : Point −> Point −> Point
addPoint ( Point x y ) ( Point u v ) = Point (x + u) (y + v)

d is tanceSquared : : Point −> Point −> Double
90 dis tanceSquared ( Point x y ) ( Point u v ) = sqr (x − u) + sqr (y − v )

cente r : : Transform −> Point
c ente r ( Transform x y ) = Point x y

95 s i z eSquared : : Transform −> Double
s i z eSquared ( Transform a b ) = sqr a + sqr b

data Box = Box ! Double ! Double ! Double ! Double
d e r i v i ng (Read , Show)

100
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makeBox : : Double −> Double −> Box
makeBox width he ight = Box (−width ) (− he ight ) width he ight

scaleBox : : Double −> Box −> Box
105 sca leBox f a c t o r (Box lx ly hx hy ) = Box ( cx − dx ) ( cy − dy ) ( cx + dx ) ( cy + dy )

where
cx = (hx + lx ) / 2
cy = (hy + ly ) / 2
dx = (hx − l x ) / 2 ∗ f a c t o r

110 dy = (hy − l y ) / 2 ∗ f a c t o r

boxSize : : Box −> Double
boxSize (Box lx ly hx hy ) = sq r t ( sqr (hx − l x ) + sqr (hy − l y ) )

115 clampBox : : Box −> Point −> Point
clampBox (Box lx ly hx hy ) ( Point x y ) = Point ( clamp x lx hx ) ( clamp y ly hy )

outsideBox : : Box −> Point −> Double −> Bool
outs ideBox (Box lx ly hx hy ) ( Point ox oy ) radiusSquared =

120 l e t r = sq r t radiusSquared
in ox + r < l x | | hx < ox − r | | oy + r < l y | | hy < oy − r

13 Fractal/GraphGrow/Engine/Graph.hs

{−# LANGUAGE General izedNewtypeDeriving #−}
module Frac ta l . GraphGrow . Engine . Graph where

import Data . Ix ( Ix ( . . ) )
5 import Data .Map (Map)

import q u a l i f i e d Data .Map as M
import Data .Maybe ( catMaybes , fromMaybe )
import Data . Vector . S to rab l e ( Vector )
import q u a l i f i e d Data . Vector . S to rab l e as V

10 import Data .Word (Word32)
import Fore ign . S to rab l e ( S to rab l e ( . . ) )

import Frac ta l . GraphGrow . Engine . Geometry
import Frac ta l . GraphGrow . U t i l s ( SThree ( . . ) )

15

−− Word32 i s probably enough , as each edge needs ˜56 bytes . . .
newtype Node = Node Word32 de r i v i ng (Read , Show , Ix , Eq , Ord , S to rab l e )
newtype Edge = Edge Word32 de r i v i ng (Read , Show , Ix , Eq , Ord , S to rab l e )

20 c l a s s Graph g where
edgesFrom : : g −> Node −> [ SThree Edge Node Transform ]
edgeTransform : : g −> Edge −> Transform

data MGraph = MGraph
25 { mGraph : : Map Node [ ( Node , Transform ) ]

}

annotate : : MGraph −> MMGraph
annotate g = MMGraph

30 { mNodes = M. fromListWith (++) [ ( source , [ edge ] ) | ( edge , ( source , ) ) <− ⤦
Ç edges ]

, mEdges = M. fromList [ ( edge , t t ) | ( edge , ( , t t ) ) <− edges ]
}

30
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where
edges = map Edge [ 0 . . ] ‘ z ip ‘ [ ( source , ( target , trans form ) ) | ( source , t t s )⤦

Ç <− M. toAscLi s t (mGraph g ) , ( target , trans form ) <− t t s ]
35

data MMGraph = MMGraph
{ mNodes : : Map Node [ Edge ]
, mEdges : : Map Edge (Node , Transform )
}

40

i n s t ance Graph MMGraph where
edgesFrom g n = catMaybes

[ (\ (m, t ) −> SThree e m t ) ‘ fmap ‘ M. lookup e (mEdges g )
| e <− fromMaybe [ ] (M. lookup n (mNodes g ) )

45 ]
edgeTransform g e = snd $ mEdges g M. ! e

v e c t o r i z e : : MMGraph −> Maybe VGraph
v e c t o r i z e g

50 | dense = Just VGraph
{ vNodeOffset = V. f romList . map ( O f f s e t . f r omInteg ra l ) . i n i t . s c an l ⤦

Ç (+) 0 . map ( l ength . snd ) . M. toAscLi s t . mNodes $ g
, vNodeEdges = V. f romList . concatMap snd . M. toAscLi s t . mNodes $ g
, vEdgeTargets = V. f romList . map ( f s t . snd ) . M. toAscLi s t . mEdges $ g
, vEdgeTransforms = V. f romList . map ( snd . snd ) . M. toAscLi s t . mEdges $ ⤦

Ç g
55 }

| otherw i s e = Nothing
where

dense = fmap ( f s t . f s t ) (M. minViewWithKey (mNodes g ) ) == Just (Node 0)
&& fmap ( f s t . f s t ) (M.maxViewWithKey (mNodes g ) ) == Just (Node (⤦

Ç f r omInteg ra l (M. s i z e (mNodes g ) − 1) ) )
60 && fmap ( f s t . f s t ) (M. minViewWithKey (mEdges g ) ) == Just (Edge 0)

&& fmap ( f s t . f s t ) (M.maxViewWithKey (mEdges g ) ) == Just (Edge (⤦
Ç f r omInteg ra l (M. s i z e (mEdges g ) − 1) ) )

newtype Of f s e t = Of f s e t Word32 de r i v i ng (Read , Show , Ix , Eq , Ord , S to rab l e )

65 data VGraph = VGraph
{ vNodeOffset : : Vector O f f s e t −− indexed by Node
, vNodeEdges : : Vector Edge −− indexed by Of f s e t
, vEdgeTargets : : Vector Node −− indexed by Edge
, vEdgeTransforms : : Vector Transform −− indexed by Edge

70 }

i n s t ance Graph VGraph where
edgesFrom g (Node n) = fromMaybe [ ] $ do

Of f s e t s t a r t <− vNodeOffset g V. ! ? f r omInteg ra l n
75 l e t O f f s e t end = fromMaybe ( O f f s e t . f r omInteg ra l . V. l ength . vNodeEdges $ ⤦

Ç g ) $ vNodeOffset g V. ! ? ( f r omInteg ra l n + 1)
go o f f =

l e t edge@(Edge e ) = vNodeEdges g V . ! o f f
e ’ = f romInteg ra l e
t a r g e t = vEdgeTargets g V . ! e ’

80 trans form = vEdgeTransforms g V . ! e ’
in SThree edge t a r g e t trans form

return $ map go [ f r omInteg ra l s t a r t . . f r omInteg ra l end − 1 ]
edgeTransform g (Edge e ) = vEdgeTransforms g V . ! f r omInteg ra l e
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14 Fractal/GraphGrow/Engine/Grow.hs

module Frac ta l . GraphGrow . Engine .Grow where

import Data . L i s t ( p a r t i t i o n )

5 import Frac ta l . GraphGrow . Engine . Geometry
import Frac ta l . GraphGrow . Engine . Graph
import Frac ta l . GraphGrow . U t i l s ( sqr , SThree ( . . ) )

data Context = Context
10 { ctxNode : : ! Node

, ctxPath : : [ Edge ]
, ctxZoom : : ! Double
, ctxTransform : : ! Transform
}

15 de r i v i ng (Read , Show)

type ContextPlus = SThree Context Point Double

p lus : : Context −> ContextPlus
20 plus ctx = SThree ctx ( cent e r ( ctxTransform ctx ) ) ( s i z eSquared ( ctxTransform ctx⤦

Ç ) )

unplus : : ContextPlus −> Context
unplus ( SThree ctx ) = ctx

25 r enorma l i z e : : Graph g => g −> Box −> Context −> [ Context ]
r enorma l i z e graph box ctx

| ctxZoom ctx > 1e16 = [ ]
| otherwi s e = case map unplus $ grow graph box (16 ∗ boxSize box ) Fa l se ctx o f

ls@ ( : ) −>
30 [ l e t g = compose . map ( edgeTransform graph ) . r e v e r s e $ ctxPath c

in Context
{ ctxNode = ctxNode c
, ctxPath = [ ]
, ctxZoom = ctxZoom c ∗ s q r t ( s i z eSquared g )

35 , ctxTransform = ctxTransform ctx ‘ o ‘ g
}

| c <− l s ]
−> [ ctx ]

40 v i s i b l e : : Box −> ContextPlus −> Bool
v i s i b l e box ( SThree c s ) = not ( outsideBox box c s )

grow : : Graph g => g −> Box −> Double −> Bool −> Context −> [ ContextPlus ]
grow graph box thre sho ld keepAl l = \ ctx −> go [ p lus ctx ]

45 where
thresho ldSq = sqr th r e sho ld
smal l ( SThree s i z eSq ) = s i z eSq < thresho ldSq
next = concatMap (map plus . s p l i t graph . unplus )
go | keepAl l = goKeepAll

50 | otherwi s e = goDiscard
goDiscard [ ] = [ ]
goDiscard s s =

l e t ( smal l s , b i g s ) = ( p a r t i t i o n smal l . f i l t e r ( v i s i b l e box ) ) s s
in sma l l s ++ goDiscard ( next b i g s )
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55 goKeepAll [ ] = [ ]
goKeepAll s s =

l e t b i g s = ( f i l t e r ( v i s i b l e box ) . f i l t e r ( not . smal l ) ) s s
in s s ++ goKeepAll ( next b i g s )

60 s p l i t : : Graph g => g −> Context −> [ Context ]
s p l i t g ctx =

[ Context
{ ctxNode = m
, ctxPath = e : ctxPath ctx

65 , ctxZoom = ctxZoom ctx
, ctxTransform = ctxTransform ctx ‘ o ‘ s
}

| SThree e m s <− edgesFrom g ( ctxNode ctx )
]

70

zoom : : Transform −> Double −> Context −> Context
zoom z w ctx =

ctx { ctxTransform = z ‘ o ‘ ctxTransform ctx , ctxZoom = w ∗ ctxZoom ctx }

15 Fractal/GraphGrow/Engine/Zoomer.hs

module Frac ta l . GraphGrow . Engine . Zoomer
( ZoomerOptions ( . . )
, defaultZoomerOptions
, Zoomer

5 , zoomer
, Zoomed ( . . )
) where

import Control . P a r a l l e l ( par )
10 import Data . L i s t (minimumBy)

import Data . Ord ( comparing )
import System .Random (RandomGen , randomR)

import Frac ta l . GraphGrow . Engine . Geometry
15 import Frac ta l . GraphGrow . Engine . Graph

import Frac ta l . GraphGrow . Engine .Grow
import Frac ta l . GraphGrow . U t i l s

type Zoomer = Double −> Zoomed
20 data Zoomed = Zoomed{ zoomedPoints : : [ STwo Point Double ] , zoomedZoomer : : ⤦

Ç Zoomer }

data ZoomerOptions g = ZoomerOptions
{ zoomerOuterBox : : Box
, zoomerInnerBox : : Box

25 , zoomerPerturb : : Double
, zoomerReCenter : : Double
, zoomerZoomFactor : : Double
, zoomerGraph : : g
, zoomerSeed : : [ Context ]

30 , zoomerCenter : : Point
}

zoomer : : (RandomGen r , Graph g ) => ZoomerOptions g −> r −> Zoomer
zoomer ( ZoomerOptions a b c d e f g h) = zoomer ’ a b c d e f g h
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35 where
zoomer ’ box cbox perturb r e c en t e r zoomFactor graph = go

where
go seed centerP rg0 thre sho ld =

l e t po in t s = concatMap (map deplus . grow graph box thre sho ld True ) ⤦
Ç seed

40 deplus ( SThree p s ) = STwo p s
(dx , rg1 ) = randomR ( −1 , 1) rg0
(dy , rg2 ) = randomR ( −1 , 1) rg1
dp = Point dx dy
ta rg e t = clampBox cbox . addPoint centerP . s c a l ePo in t perturb $ ⤦

Ç dp
45 c en t r a l = comparing ( d i s tanceSquared ta r g e t )

minimumBy ’ [ ] = Point 0 0
minimumBy ’ cmp xs = minimumBy cmp xs
smal l = map fstTwo . f i l t e r ((<= thre sho ld ) . sndTwo)
centerP ’@( Point x y ) = minimumBy ’ c en t r a l ( smal l po in t s )

50 z = t r a n s l a t e ( r e c en t e r ∗ x ) ( r e c en t e r ∗ y ) ‘ o ‘
s c a l e zoomFactor ‘ o ‘
t r a n s l a t e ( negate x ) ( negate y )

seed ’ = concatMap ( renorma l i z e graph box . zoom z zoomFactor ) seed
next = go seed ’ centerP ’ rg2

55 in centerP ’ ‘ par ‘ Zoomed po in t s next

defaultZoomerOptions : : g −> Node −> ZoomerOptions g
defaultZoomerOptions graph node = ZoomerOptions

{ zoomerOuterBox = box
60 , zoomerInnerBox = scaleBox 0 .5 box

, zoomerPerturb = 0.002 ∗ w
, zoomerReCenter = 0.995
, zoomerZoomFactor = 10 ∗∗ (1 / 60)
, zoomerGraph = graph

65 , zoomerSeed = [ Context node [ ] 1 i d e n t i t y ]
, zoomerCenter = Point 0 0
}
where

box = Box (−w) (−h) w h
70 w = aspect ∗ h

h = 16
aspect = 16/9

16 Fractal/GraphGrow/GUI/DrawPoints.hs

module Frac ta l . GraphGrow .GUI . DrawPoints
( withPointDraw
, f l a t t e nPo i n t s
) where

5

import Control .Monad ( forM )
import Fore ign ( Ptr , a l locaArray , castPtr , pokeElemOff , with , withArray , peek , ⤦

Ç nul lPtr , s i z eO f )
import Fore ign .C ( withCString , peekCStringLen )
import Fore ign . Fore ignPtr . Sa fe ( ForeignPtr , mal locForeignPtrBytes , ⤦

Ç withFore ignPtr )
10 import Graphics .GL

import Unsafe . Coerce ( unsafeCoerce )
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import Frac ta l . GraphGrow . Engine . Geometry ( Point ( . . ) , Box ( . . ) )
import Frac ta l . GraphGrow . U t i l s (STwo ( . . ) , sum ’ )

15

f l oatToGLf loat : : Float −> GLfloat
f loatToGLf loat = unsafeCoerce

f l a t t e n : : [ STwo Point Double ] −> [ GLfloat ]
20 f l a t t e n f s = map ( f loatToGLf loat . realToFrac ) $ concat [ [ x , y , z , 2 ∗ pi ∗ ( t +⤦

Ç 0 . 5 ) / 4 ] | STwo ( Point x y ) z <− f s , t <− [ 0 , 1 , 2 , 3 ] ]

f l a t t e nPo i n t s : : [ STwo Point Double ] −> IO [ ( Fore ignPtr GLfloat , Int ) ]
f l a t t e nPo i n t s [ ] = return [ ]
f l a t t e nPo i n t s ps = do

25 l e t (now , l a t e r ) = sp l i tA t ( chunkBytes ‘ div ‘ (16 ∗ s i z eO f ( 0 : : GLfloat ) ) ) ps
f p t r <− mal locFore ignPtrBytes chunkBytes
withFore ignPtr f p t r $ \ptr −> do

count <− pokeArrayCount ptr ( f l a t t e n now)
r e s t <− f l a t t e nPo i n t s l a t e r

30 re turn $ ( fp t r , count ‘ div ‘ 16) : r e s t

chunkBytes : : Int
chunkBytes = 16 ∗ 1024 ∗ 4 ∗ 4 ∗ 4

35 withPointDraw : : Box −> ( S t r ing −> IO a ) −> ( ( [ ( Fore ignPtr GLfloat , Int ) ] −> IO ⤦

Ç Int ) −> IO a ) −> IO a
withPointDraw (Box lx ly hx hy ) cbFa i l cbOk = do

withProgram ( Just c i r c l eVe r tSou r c e ) Nothing ( Just c i r c l eF ragSou r c e ) cbFa i l $ \⤦
Ç c i r c l e −> do

glUseProgram c i r c l e
mvp’ <− withCString ”mvp” $ glGetUniformLocation c i r c l e . ca s tPtr

40 withArray [ realToFrac $ 2 / (hx − l x ) , 0 , 0 , realToFrac $ 2 / (hy − l y ) ] $⤦
Ç glUni formMatrix2fv mvp’ 1 ( f r omInteg ra l GL FALSE)

glUseProgram 0
cbOk $ \ps −> i f n u l l ps then return 0 e l s e do

g lC l ea rCo lo r 0 0 0 1
g lC l ea r ( f r omInteg ra l GL COLOR BUFFER BIT)

45 glEnable GL BLEND
glBlendFunc GL SRC ALPHA GL ONE
glUseProgram c i r c l e
g lEnableVertexAttr ibArray 0
forM ps $ \( fp t r , count ) −> withFore ignPtr f p t r $ \ptr −> do

50 g lVer t exAtt r ibPo in te r 0 4 GL FLOAT ( f romInteg ra l GL FALSE) 0 ptr
glDrawArrays GL QUADS 0 (4 ∗ f r omInteg ra l count )

g lDi sab leVertexAttr ibArray 0
glUseProgram 0
return (sum ’ $ map snd ps )

55

pokeArrayCount : : Ptr GLfloat −> [ GLfloat ] −> IO Int
pokeArrayCount ptr va l s 0 = go va l s0 0

where
go [ ] n = return n

60 go ( va l : v a l s ) n = do pokeElemOff ptr n va l ; go va l s (n + 1)

withProgram : : Maybe St r ing −> Maybe St r ing −> Maybe St r ing −> ( S t r ing −> IO a ) ⤦
Ç −> (GLuint −> IO a ) −> IO a

withProgram mv mg mf cbFa i l cbOk = do
prog <− glCreateProgram

35
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65 l e t compi le Nothing = return ( )
compi le t ( Just s r c ) = withCString s r c $ \ s −> with s $ \p −> do

sh <− glCreateShader t
g lShaderSource sh 1 ( cas tPtr p) nu l lPt r
glCompileShader sh

70 glAttachShader prog sh
g lDe le teShader sh

compile GL VERTEX SHADER mv
compile GLGEOMETRYSHADER mg
compile GL FRAGMENT SHADER mf

75 glLinkProgram prog
r e s u l t <− with 0 $ \p −> glGetProgramiv prog GL LINK STATUS p >> peek p
logLen <− with 0 $ \p −> glGetProgramiv prog GL INFO LOG LENGTH p >> peek p
logTxt <− i f logLen <= 1 then return ”” e l s e a l l o caArray (1 + f romInteg ra l ⤦

Ç logLen ) $ \p −> do
glGetProgramInfoLog prog ( f r omInteg ra l logLen ) nu l lPt r p

80 peekCStringLen ( cas tPtr p , f r omInteg ra l logLen − 1)
r <− i f r e s u l t == f romInteg ra l GL TRUE then cbOk prog e l s e cbFa i l logTxt
−−glDeleteProgram prog
return r

85 c i r c l eVe r tSou r c e : : S t r ing
c i r c l eVe r tSou r c e = un l i n e s

[ ”#ve r s i on 330”
, ”uniform mat2 mvp; ”
, ” layout ( l o c a t i o n = 0) in vec4 po s i t i o n ; ”

90 , ”smooth out vec3 texCoord ; ”
, ” void main ( ) {”
, ” const f l o a t minSize = 1 . 0 ; ”
, ” const f l o a t maxSize = 512 . 0 ; ”
, ” const f l o a t b r i gh tne s s = 1 .0 / 256 . 0 ; ”

95 , ” const f l o a t gamma = 1 . 0 ; ”
, ” f l o a t s c a l i n g = length (mvp ∗ vec2 ( 1 . 0 ) ) / l ength ( vec2 ( 1 . 0 ) ) ; ”
, ” f l o a t q = sq r t ( 1 . 0 / 3 . 0 ) ∗ s q r t ( p o s i t i o n . z ) / s c a l i n g ; ”
, ” vec2 r = mvp ∗ vec2 (q ) ; ”
, ” f l o a t s i z e = length ( r ) / s c a l i n g ; ”

100 , ” f l o a t alpha = pow( br ightnes s , pow( s i z e / maxSize , gamma) ) ; ”
, ” f l o a t s = max( minSize ∗ s c a l i ng , l ength ( r ) ) ; ”
, ” vec2 de l t a = sq r t ( 2 . 0 ) ∗ vec2 ( cos ( p o s i t i o n .w) , s i n ( p o s i t i o n .w) ) ; ”
, ” g l P o s i t i o n = vec4 (mvp ∗ ( p o s i t i o n . xy + s ∗ de l t a ) , 0 . 0 , 1 . 0 ) ; ”
, ” texCoord = vec3 ( de l ta , alpha ) ; ”

105 , ”}”
]

c i r c l eF ragSou r c e : : S t r ing
c i r c l eF ragSou r c e = un l i n e s

110 [ ”#ve r s i on 330”
, ” in vec3 texCoord ; ”
, ”out vec4 co l our ; ”
, ” void main ( ) {”
, ” const f l o a t l ineWidth = 1 . 0 ; ”

115 , ” const vec3 blue = vec3 ( 0 . 0 , 0 . 0 , 1 . 0 ) ; ”
, ” const vec3 orange = vec3 ( 1 . 0 , 0 . 7 , 0 . 0 ) ; ”
, ” vec2 p = texCoord . xy ; ”
, ” vec2 dp = dFdx(p) ; ”
, ” f l o a t r = length (p) ; ”

120 , ” f l o a t t = texCoord . z ; ”
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, ” i f ( r >= 1 . 0 ) {”
, ” d i s ca rd ; ”
, ” } e l s e i f ( r >= 1.0 − l ineWidth ∗ l ength (dp) ) {”
, ” co l ou r = vec4 ( vec3 (mix ( 0 . 0 , 1 . 0 , t ) ) , t ) ; ”

125 , ” } e l s e {”
, ” d i s ca rd ; ”
, ” }”
, ”}”
]

17 Fractal/GraphGrow/GUI/FrameSync.hs

module Frac ta l . GraphGrow .GUI . FrameSync
( FrameSyncOptions ( . . )
, defaultFrameSyncOptions
, newFrameSync

5 , FrameSync
, Deadl ine ( . . )
, S t a t i s t i c s ( . . )
) where

10 import Prelude h id ing ((++) )

import Control .Monad ( r ep l i c a t eM )
import Data . IORef ( newIORef , readIORef , writeIORef )
import Data . L i s t ( f o l d l ’ )

15 import Data . Monoid (Monoid ( . . ) )

import Frac ta l . GraphGrow . Ana lys i s . S t a t i s t i c s h id ing ( s0 )

data S t a t i s t i c s = S t a t i s t i c s
20 { statFrameTime : : ! ( StatOrd Double )

, statSpareTime : : ! ( StatOrd Double )
, statOk : : ! ( StatOrd Double )
, s tatMissed : : ! Int
, statCount : : ! Int

25 }

i n s t ance Monoid S t a t i s t i c s where
mempty = l e t e = mempty in S t a t i s t i c s e e e 0 0
S t a t i s t i c s a b c d e ‘mappend ‘ S t a t i s t i c s s t u v w =

30 l e t (++) = mappend in S t a t i s t i c s ( a++s ) (b++t ) ( c++u) (d+v) ( e+w)
mconcat = f o l d l ’ mappend mempty

data Deadl ine = Missed | Ok ! Double
d e r i v i ng (Read , Show , Eq , Ord)

35

type FrameSync = IO ( Deadline , S t a t i s t i c s )

data FrameSyncOptions = FrameSyncOptions
{ frameSyncMeasure : : Int

40 , f rameSyncMult iple : : Int
, frameSyncMissed : : Double
, frameSyncTarget : : Double
}

45 defaultFrameSyncOptions : : FrameSyncOptions
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defaultFrameSyncOptions = FrameSyncOptions
{ frameSyncMeasure = 60
, frameSyncMult iple = 1
, frameSyncMissed = 1 .5

50 , frameSyncTarget = 0 .75
}

newFrameSync : : IO Double −> IO ( ) −> FrameSyncOptions −> IO (Double , FrameSync )
newFrameSync getTime swapBuffers opts = do

55 f r ameIn t e rva l <− measureFrameInterval getTime swapBuffers ( frameSyncMeasure ⤦
Ç opts )

s ta tRe f <− newIORef mempty
frameTimeRef <− newIORef =<< getTime
l e t i n t e r v a l = f romInteg ra l ( frameSyncMult iple opts ) ∗ f r ameIn t e rva l

frameSync = do
60 lastTime <− readIORef frameTimeRef

preTime <− getTime
swapBuffers
frameTime <− getTime
writeIORef frameTimeRef frameTime

65 s0 <− readIORef s ta tRe f
l e t s = s0 { statFrameTime = statFrameTime s0 ‘mappend ‘ statOrd (⤦

Ç frameTime − lastTime )
, statSpareTime = statSpareTime s0 ‘mappend ‘ statOrd (⤦

Ç frameTime − preTime )
, statCount = statCount s0 + 1
}

70 missed = frameTime − lastTime > i n t e r v a l ∗ frameSyncMissed opts
de l t a = ( frameTime − preTime ) / ( i n t e r v a l ∗ (1 − frameSyncTarget ⤦

Ç opts ) )
resu l t@ ( , s ’ )

| missed = (Missed , s { s tatMissed = statMissed s + 1 })
| otherwi s e = (Ok de l ta , s { statOk = statOk s ‘mappend ‘ statOrd ⤦

Ç de l t a })
75 writeIORef s ta tRe f s ’

r e turn r e s u l t
re turn ( r e c i p i n t e r va l , frameSync )

measureFrameInterval : : IO Double −> IO ( ) −> Int −> IO Double
80 measureFrameInterval getTime swapBuffers count = do

swapBuffers
startTime <− getTime
rep l i ca t eM count swapBuffers
endTime <− getTime

85 re turn $ ( endTime − startTime ) / f r omInteg ra l count

18 Fractal/GraphGrow/Main.hs

module Main (main ) where

import Control . Concurrent ( forkIO , k i l lThread )
import Control . Concurrent . BoundedChan (newBoundedChan , readChan , writeChan )

5 import Control .Monad ( jo in , rep l i cateM , when)
import Data . IORef ( newIORef , readIORef , writeIORef )
import q u a l i f i e d Data .Map as M
import Data .Maybe ( fromMaybe )
import System . Environment ( getArgs )
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10 import System . Exit ( e x i tF a i l u r e )
import System . IO ( hPutStrLn , s t d e r r )
import System .Random (newStdGen )

import q u a l i f i e d Graphics . UI . Gtk as G
15 import q u a l i f i e d Graphics . UI . Gtk .OpenGL as G

import q u a l i f i e d System . Glib . GDateTime as G

import Frac ta l . GraphGrow . Engine . Geometry
import Frac ta l . GraphGrow . Engine . Graph

20 import Frac ta l . GraphGrow . Engine . Zoomer
import Frac ta l . GraphGrow . Text . Parse
import Frac ta l . GraphGrow . Text . Compile
import Frac ta l . GraphGrow .GUI . DrawPoints
import Frac ta l . GraphGrow .GUI . FrameSync

25 import Frac ta l . GraphGrow . U t i l s
import Frac ta l . GraphGrow . Ana lys i s . S t a t i s t i c s

readGraph : : Maybe Fi lePath −> Maybe St r ing −> IO (Maybe (VGraph , Node ) )
readGraph mf mw = do

30 s <− case mf o f
Nothing −> getContents
Just f −> r e adF i l e f

r e turn $ do
(ws , g ) <− compileText ‘ fmap ‘ parseText s

35 v <− v e c t o r i z e ( annotate g )
l e t n = fromMaybe (Node 0) ( ( ‘M. lookup ‘ ws ) =<< mw)
return (v , n)

errLn : : S t r ing −> IO ( )
40 errLn = hPutStrLn s t d e r r

usageMessage : : IO ( )
usageMessage = errLn ”usage : FIXME”

45 inputMessage : : IO ( )
inputMessage = errLn ”bad input ”

vsyncMessage : : Double −> IO ( )
vsyncMessage fp s = do

50 errLn$” insane fp s : ” ++ show fp s
errLn ” enable OpenGL sync−to−vblank and r e t r y ”

statsMessage : : S t a t i s t i c s −> IO ( )
statsMessage s = do

55 l e t frames = statCount s
totalTime = ( s1 . f s t . statFrameTime ) s
fp s = f romInteg ra l frames / totalTime
pre t ty s s = ”\ t ” ++ show mi ++ ”\ t ” ++ show mean ++ ”\ t ” ++ show ma ++ ”\ t⤦

Ç ” ++ show dev
where

60 (mi , ma) = fromMaybe (0/0 , 0/0) . getMinMax . snd $ s s
mean = getMean ( f s t s s )
dev = getStdDev ( f s t s s )

errLn ” [ STATISTICS”
errLn $ ”FPS\ t ” ++ show fp s ++ ”\ t ( ” ++ show frames ++ ” f / ” ++ show ⤦

Ç totalTime ++ ” s ) [ ” ++ show ( statMissed s ) ++ ” MISSED ]”
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65 errLn $ ”FRAME” ++ pret ty ( statFrameTime s )
errLn $ ”SPARE” ++ pret ty ( statSpareTime s )
errLn $ ”DELTA” ++ pret ty ( statOk s )
errLn ” ]”

70 insaneFPS : : Double −> Bool
insaneFPS fp s = fp s < 20 | | 200 < f p s

parseArgs : : [ S t r ing ] −> Maybe Config
parseArgs [ f i l e ] = Just de f au l tCon f i g { configGraph = i f f i l e == ”−” then Nothing⤦

Ç e l s e Just f i l e }
75 parseArgs [ f i l e , node ] = Just de f au l tCon f i g { configGraph = i f f i l e == ”−” then ⤦

Ç Nothing e l s e Just f i l e , conf igNode = Just node }
parseArgs = Nothing

data Conf ig = Config
{ configGraph : : Maybe Fi lePath

80 , conf igNode : : Maybe St r ing
, configWidth : : Int
, con f i gHe ight : : Int
, conf igMinQual i ty : : Double
, conf igMaxQuality : : Double

85 , con f igVerbose : : Bool
}

de f au l tCon f i g : : Conf ig
de f au l tCon f i g = Config

90 { configGraph = Nothing
, conf igNode = Nothing
, configWidth = 1024
, con f i gHe ight = 576
, conf igMinQual i ty = r e c i p 16

95 , conf igMaxQuality = 16
, con f igVerbose = False
}

c o n f i g S i z e : : Conf ig −> Double
100 c o n f i g S i z e c on f i g = sq r t ( f r omInteg ra l $ sqr ( configWidth con f i g ) + sqr (⤦

Ç con f i gHe ight c on f i g ) )

newtype Continue = Continue{ runContinue : : IO Continue }

sk ip : : Continue
105 sk ip = Continue ( re turn sk ip )

abort : : IO Continue
abort = ex i tF a i l u r e >> re turn sk ip

110 main : : IO ( )
main = do

args <− getArgs
case parseArgs args o f

Nothing −> usageMessage
115 Just c on f i g −> do

mgraph <− readGraph ( configGraph con f i g ) ( conf igNode con f i g )
case mgraph o f

Nothing −> inputMessage
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Just ( graph , node ) −> do
120 l e t i n i t i a l = defaultZoomerOptions graph node

withGL ”GraphGrow” ( configWidth con f i g ) ( con f i gHe ight c on f i g ) $ \⤦
Ç getTime swapBuffers −> do

( fps , frameSync ) <− newFrameSync getTime swapBuffers ⤦
Ç defaultFrameSyncOptions

i f insaneFPS fp s
then vsyncMessage fp s >> abort

125 e l s e withPointDraw ( zoomerOuterBox i n i t i a l ) (\ s −> errLn s >> ⤦
Ç abort ) $ \draw −> do

worker <− newIORef Nothing
l e t queueSize = 2

r e s t a r t = do
maybe ( re turn ( ) ) k i l lThread =<< readIORef worker

130 qualityChan <− newBoundedChan queueSize
pointsChan <− newBoundedChan queueSize
writeIORef worker . Just =<< forkIO . workerThread (⤦

Ç readChan qualityChan ) ( writeChan pointsChan ) . ⤦
Ç zoomer i n i t i a l =<< newStdGen

rep l i ca t eM queueSize $ writeChan qualityChan (⤦
Ç conf igMaxQuality c on f i g )

loop ( readChan pointsChan ) ( writeChan qualityChan )
135 workerThread getQua l i ty putPoints = go

where
go zoom = do

qua l i t y <− getQua l i ty
l e t p i x e l S i z e = qua l i t y ∗ boxSize ( zoomerOuterBox ⤦

Ç i n i t i a l ) / c o n f i g S i z e c on f i g
140 Zoomed po in t s zoom ’ = zoom p i x e l S i z e

sanePoints = f i l t e r saneS i z e po in t s
saneS i z e (STwo s i z eSq ) = s i z eSq < sqr ( boxSize (⤦

Ç zoomerOuterBox i n i t i a l ) ) / 4
i f nu l l sanePoints then putPoints [ ] e l s e do

( ) <− putPoints =<< f l a t t e nPo i n t s sanePoints
145 go zoom ’

loop getPo int s putQual ity = go ( conf igMaxQuality c on f i g )
where

go qua l i t y = do
po in t s <− getPo int s

150 i f n u l l po in t s then r e s t a r t e l s e do
drawnCount <− draw po in t s
( deadl ine , s t a t s ) <− frameSync
when ( con f igVerbose c on f i g && statCount s t a t s ‘mod ‘ ⤦

Ç 256 == 0) $
s tatsMessage s t a t s

155 l e t e = negate . r e c i p . f r omInteg ra l $ 16 ∗ ⤦
Ç queueSize
s lew = case dead l ine o f

Missed −> s q r t 2
Ok k

| k > 1 −> k ∗∗ e
160 | otherwi s e −> k ∗∗ e

slew ’ = clamp slew ( sq r t 0 . 5 ) ( s q r t 2)
qua l i ty ’ = clamp ( qua l i t y ∗ slew ’ ) (⤦

Ç conf igMinQual i ty c on f i g ) ( conf igMaxQuality⤦
Ç c on f i g )

putQual ity qua l i ty ’
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re turn $ Continue ( go qua l i ty ’ )
165 r e s t a r t

withGL : : S t r ing −> Int −> Int −> ( IO Double −> IO ( ) −> IO Continue ) −> IO ( )
withGL t i t l e w h go = do

<− G. initGUI
170 window <− G.windowNew

<− G. onDestroy window G. mainQuit
G. windowSetDefaultSize window w h
G. windowSetGeometryHints window ( Nothing ‘ asTypeOf ‘ Just window) ( Just (w, h) )⤦

Ç ( Just (w, h) ) Nothing Nothing Nothing
canvas <− G. glDrawingAreaNew =<< G. glConfigNew [G.GLModeRGBA, G.GLModeDouble ]

175 G. widgetSetS izeRequest canvas w h
cont inue <− newIORef sk ip
swapBuffersR <− newIORef ( re turn ( ) )
l e t getTime = do

G.GTimeVal s ec usec <− G. gGetCurrentTime
180 re turn $ f r omInteg ra l s e c + f romInteg ra l usec / 1000000

swapBuffers = j o i n ( readIORef swapBuffersR )
t i c k = do

<− G. withGLDrawingArea canvas $ \ g l −> do
writeIORef swapBuffersR (G. glDrawableSwapBuffers g l )

185 writeIORef cont inue =<< runContinue =<< readIORef cont inue
writeIORef swapBuffersR ( re turn ( ) )

re turn True
<− G. onRea l i ze canvas $ do

<− G. withGLDrawingArea canvas $ \ g l −> do
190 writeIORef swapBuffersR (G. glDrawableSwapBuffers g l )

writeIORef cont inue =<< go getTime swapBuffers
writeIORef swapBuffersR ( re turn ( ) )
G. timeoutAddFull t i c k G. p r i o r i t yD e f a u l t I d l e 1

re turn ( )
195 event <− G. eventBoxNew

<− G. onKeyPress event $ \ −> G. mainQuit >> re turn True
G. s e t event [G. containerBorderWidth G. := 0 , G. conta ine rCh i ld G. := canvas ]
G. s e t window [G. windowTitle G. := t i t l e , G. conta ine rCh i ld G. := event ]
G. widgetShowAll window

200 G.mainGUI

19 Fractal/GraphGrow/Text/Compile.hs

module Frac ta l . GraphGrow . Text . Compile ( compileText ) where

import Control .Monad ( forM )
import Control .Monad . I d en t i t y ( Ident i ty , run Ident i ty )

5 import Control .Monad . Supply ( SupplyT , evalSupplyT , supply )
import Control .Monad . State ( StateT , execStateT , get , put )
import Control .Monad . Writer (WriterT , runWriterT , t e l l )
import Control .Monad . Trans ( l i f t )
import Data .Map (Map)

10 import q u a l i f i e d Data .Map as M

import Frac ta l . GraphGrow . Engine . Geometry ( Transform )
import Frac ta l . GraphGrow . Engine . Graph (MGraph ( . . ) , Node ( . . ) )
import Frac ta l . GraphGrow . Text . Glyphs ( s t r i ng , char )

15

−− the input
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type S p e c i f i c a t i o n = [ ( Str ing , [ S t r ing ] ) ]

−− the output
20 type Environment = Map St r ing Node

−− i n t e rmed ia t e data
type PreGraph = [ ( Node , [ ( Node , Transform ) ] ) ]

25 −− the main compi le r monad stack
type Compile = StateT Environment (WriterT PreGraph ( SupplyT Node Id en t i t y ) )

runCompile : : Compile ( ) −> ( Environment , MGraph)
runCompile = runIdent i ty . supplyingNodes . writ ingGraph . trackingEnvironment

30 where
supplyingNodes m = evalSupplyT m $ map Node [ 0 . . ]
writ ingGraph m = fmap (MGraph . M. fromListWith (++)) ‘ fmap ‘ runWriterT m
trackingEnvironment m = execStateT m M. empty

35 −− a l l o c a t e s t ab l e nodes f o r s t r i n g s
namedNode : : S t r ing −> Compile Node
namedNode s = do

m <− get
case M. lookup s m of

40 Nothing −> do
n <− supply
put $ M. i n s e r t s n m
return n

Just n −> do
45 re turn n

−− a l l o c a t e unique nodes f o r cha ra c t e r s
node : : Compile Node
node = supply

50

−− add an edge to the d i r e c t ed graph
edge : : Node −> Node −> Transform −> Compile ( )
edge from to trans form = t e l l [ ( from , [ ( to , trans form ) ] ) ]

55 −− the main compi le r program
−− maps each s t r oke o f each charac t e r in each ” source ” s t r i n g . .
−− . . to one o f that source ’ s ” t a r g e t ” s t r i n g s
compileText : : S p e c i f i c a t i o n −> ( Environment , MGraph)
compileText graph = runCompile $ do

60 forM graph $ \( source , t a r g e t s ) −> do
sourceNode <− namedNode source
f l i p evalSupplyT ( cy c l e t a r g e t s ) $ do
−− re −us ing supply makes sense , but e i t h e r
−− a ) the re are a l o t o f ’ l i f t ’ s ( as in t h i s code )

65 −− b) needs orphan in s t an c e s to automat iga l ly l i f t
forM ( source ‘ z ip ‘ s t r i n g ( l ength source ) ) $ \( sourceChar , charTransform )⤦

Ç −> do
charNode <− l i f t node
l i f t $ edge sourceNode charNode charTransform
forM ( char sourceChar ) $ \ strokeTransform −> do

70 t a r g e t <− supply
targetNode <− l i f t $ namedNode ta r g e t
l i f t $ edge charNode targetNode strokeTransform
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20 Fractal/GraphGrow/Text/Glyphs.hs

module Frac ta l . GraphGrow . Text . Glyphs
( −− ∗ The cha ra c t e r s with in a s t r i n g .

s t r i n g
−− ∗ The s t r ok e s with in a charac t e r .

5 , char
) where

import Data . Char ( toUpper )
import Data .Maybe ( fromMaybe )

10 import Data .Map as M

import Frac ta l . GraphGrow . Engine . Geometry ( Transform , o , s ca l e , ro tate , t r a n s l a t e⤦
Ç )

import Frac ta l . GraphGrow . U t i l s ( sqr )

15 s t r i n g : : Int −> [ Transform ]
s t r i n g n =

[ t r a n s l a t e (2 ∗ ( f r omInteg ra l i / n ’ − 0 . 5 ) ) 0 ‘ o ‘ s c a l e (2 / n ’ )
| i <− [ 1 . . n ]
]

20 where
n ’ = f romInteg ra l n + 1

char : : Char −> [ Transform ]
char c = fromMaybe [ ] $ M. lookup ( toUpper c ) chars

25

chars : : Map Char [ Transform ]
chars = M. f romList

[ ( c
, [ l e t x = ( x1 + x0 ) / 2

30 y = ( y1 + y0 ) / 2
u = ( x1 − x0 ) / 2
v = ( y1 − y0 ) / 2
a = atan2 v u / (2 ∗ pi ) − s t r o k eT i l t
s = sq r t $ sqr u + sqr v

35 in s c a l e cha r a c t e rS i z e ‘ o ‘ t r a n s l a t e x y ‘ o ‘ s c a l e s ‘ o ‘ r o t a t e a
| ( ( x0 , y0 ) , ( x1 , y1 ) ) <− s t r ok e s
]

)
| ( c , s t r ok e s ) <− f on t

40 ]

c h a r a c t e rS i z e : : Double
cha r a c t e rS i z e = 1 / sq r t 7

45 s t r o k eT i l t : : Double
s t r o k eT i l t = phi / 100

phi : : Double
phi = ( sq r t 5 + 1) / 2

50

type Coord = (Double , Double )

type Stroke = (Coord , Coord )
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55 f on t : : [ ( Char , [ Stroke ] ) ]
f ont =

[ ( ’A’ , [ ( ( −1 , −1) , ( −1 ,0) ) , ( ( −1 ,0) , ( 0 , 1 ) ) , ( ( 0 , 1 ) , ( 1 , 0 ) ) , ( ( 1 , 0 ) , (1 , −1) ) , ( ( −1 ,0)⤦
Ç , ( 1 , 0 ) ) ] )

, ( ’B’ , [ ( ( − 1 , 1 ) , ( −1 ,0) ) , ( ( −1 ,0) ,( −1 , −1) ) , ( ( −1 ,0) , ( 1 , 0 ) ) , ( ( 1 , 0 ) , (1 , −1) ) , ( (1 , −1)⤦
Ç ,( −1 , −1) ) ] )

, ( ’C’ , [ ( ( 1 , 1 ) , ( −1 ,1) ) , ( ( −1 ,1) ,( −1 , −1) ) ,(( −1 , −1) , (1 , −1) ) ] )
60 , ( ’D’ , [ ( ( 1 , 1 ) , ( 1 , 0 ) ) , ( ( 1 , 0 ) , (1 , −1) ) , ( ( 1 , 0 ) , ( −1 ,0) ) , ( ( −1 ,0) ,( −1 , −1) ) ,(( −1 , −1)⤦

Ç , (1 , −1) ) ] )
, ( ’E’ , [ ( ( − 1 , 1 ) , ( −1 ,0) ) , ( ( −1 ,0) ,( −1 , −1) ) , ( ( −1 ,1) , ( 1 , 1 ) ) , ( ( −1 ,0) , ( 0 , 0 ) ) ,(( −1 , −1)⤦
Ç , (1 , −1) ) ] )

, ( ’F ’ , [ ( ( − 1 , 1 ) , ( −1 ,0) ) , ( ( −1 ,0) ,( −1 , −1) ) , ( ( −1 ,1) , ( 1 , 1 ) ) , ( ( −1 ,0) , ( 0 , 0 ) ) ] )
, ( ’G’ , [ ( ( 1 , 1 ) , ( −1 ,1) ) , ( ( −1 ,1) ,( −1 , −1) ) ,(( −1 , −1) , (1 , −1) ) , ( (1 , −1) , ( 1 , 0 ) ) , ( ( 1 , 0 )⤦
Ç , ( 0 , 0 ) ) ] )

, ( ’H’ , [ ( ( −1 , −1) , ( −1 ,1) ) , ( ( −1 ,0) , ( 1 , 0 ) ) , ( (1 , −1) , ( 1 , 1 ) ) ] )
65 , ( ’ I ’ , [ ( ( 0 , 1 ) , (0 , −1) ) ] )

, ( ’ J ’ , [ ( ( 0 , 1 ) , (0 , −1) ) , ( (0 , −1) ,( −1 , −1) ) ] )
, ( ’K’ , [ ( ( −1 , −1) , ( −1 ,1) ) , ( ( −1 ,0) , ( 1 , 1 ) ) , ( ( −1 ,0) , (1 , −1) ) ] )
, ( ’L ’ , [ ( ( − 1 , 1 ) ,( −1 , −1) ) ,(( −1 , −1) , (1 , −1) ) ] )
, ( ’M’ , [ ( ( −1 , −1) , ( −1 ,1) ) , ( ( −1 ,1) , ( 0 , 0 ) ) , ( ( 0 , 0 ) , ( 1 , 1 ) ) , ( ( 1 , 1 ) , (1 , −1) ) ] )

70 , ( ’N’ , [ ( ( −1 , −1) , ( −1 ,1) ) , ( ( −1 ,1) , (1 , −1) ) , ( (1 , −1) , ( 1 , 1 ) ) ] )
, ( ’O’ , [ ( ( 1 , 1 ) , ( −1 ,1) ) , ( ( −1 ,1) ,( −1 , −1) ) ,(( −1 , −1) , (1 , −1) ) , ( (1 , −1) , ( 1 , 1 ) ) ] )
, ( ’P’ , [ ( ( −1 , −1) , ( −1 ,0) ) , ( ( −1 ,0) , ( −1 ,1) ) , ( ( −1 ,0) , ( 1 , 0 ) ) , ( ( 1 , 0 ) , ( 1 , 1 ) ) , ( ( 1 , 1 )⤦
Ç , ( −1 ,1) ) ] )

, ( ’Q’ , [ ( ( 1 , − 1 ) , ( 1 , 0 ) ) , ( ( 1 , 0 ) , ( 1 , 1 ) ) , ( ( 1 , 0 ) , ( −1 ,0) ) , ( ( −1 ,0) , ( −1 ,1) ) , ( ( −1 ,1)⤦
Ç , ( 1 , 1 ) ) ] )

, ( ’R’ , [ ( ( − 1 , 0 ) ,( −1 , −1) ) , ( ( −1 ,0) , ( 1 , 0 ) ) ] )
75 , ( ’ S ’ , [ ( ( 1 , 1 ) , ( −1 ,1) ) , ( ( −1 ,1) , ( −1 ,0) ) , ( ( −1 ,0) , ( 1 , 0 ) ) , ( ( 1 , 0 ) , (1 , −1) ) , ( (1 , −1)⤦

Ç ,( −1 , −1) ) ] )
, ( ’T’ , [ ( ( − 1 , 1 ) , ( 1 , 1 ) ) , ( ( 0 , 1 ) , (0 , −1) ) ] )
, ( ’U’ , [ ( ( − 1 , 1 ) ,( −1 , −1) ) ,(( −1 , −1) , (1 , −1) ) , ( (1 , −1) , ( 1 , 1 ) ) ] )
, ( ’V’ , [ ( ( − 1 , 1 ) , (0 , −1) ) , ( (0 , −1) , ( 1 , 1 ) ) ] )
, ( ’W’ , [ ( ( − 1 , 1 ) ,( −1 , −1) ) ,(( −1 , −1) , ( 0 , 0 ) ) , ( ( 0 , 0 ) , (1 , −1) ) , ( (1 , −1) , ( 1 , 1 ) ) ] )

80 , ( ’X’ , [ ( ( −1 , −1) , ( 0 , 0 ) ) , ( ( 0 , 0 ) , ( 1 , 1 ) ) , ( ( −1 ,1) , ( 0 , 0 ) ) , ( ( 0 , 0 ) , (1 , −1) ) ] )
, ( ’Y’ , [ ( ( − 1 , 1 ) , ( 0 , 0 ) ) , ( ( 1 , 1 ) , ( 0 , 0 ) ) , ( ( 0 , 0 ) , (0 , −1) ) ] )
, ( ’Z ’ , [ ( ( − 1 , 1 ) , ( 1 , 1 ) ) , ( ( 1 , 1 ) ,( −1 , −1) ) ,(( −1 , −1) , (1 , −1) ) ] )
]

21 Fractal/GraphGrow/Text/Parse.hs

module Frac ta l . GraphGrow . Text . Parse ( parseText ) where

parseText : : S t r ing −> Maybe [ ( Str ing , [ S t r ing ] ) ]
parseText = mapM ( uncons . words ) . l i n e s

5 where
uncons (w: : ws ) = Just (w, ws )
uncons = Nothing

22 Fractal/GraphGrow/Utils.hs

module Frac ta l . GraphGrow . U t i l s
( −− ∗ Misce l l aneous maths .

sum ’
, sqr

5 , clamp
, roundUpTwo
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−− ∗ S t r i c t tup l e s .
, STwo ( . . )
, SThree ( . . )

10 −− ∗ Ordered l i s t s .
, mergeSortedBy
, mergeSortedsBy
) where

15 import Data . L i s t ( f o l d l ’ )

sum ’ : : Num a => [ a ] −> a
sum ’ = f o l d l ’ (+) 0

20 sqr : : Num a => a −> a
sqr a = a ∗ a

clamp : : Ord a => a −> a −> a −> a
clamp x mi ma = mi ‘max ‘ x ‘min ‘ ma

25

roundUpTwo : : (Num a , Ord a ) => a −> a
roundUpTwo n = head . dropWhile (< n) . i t e r a t e (2 ∗) $ 1

data STwo a b = STwo{ fstTwo : : ! a , sndTwo : : ! b }
30 de r i v i ng (Read , Show , Eq , Ord)

data SThree a b c = SThree{ f s tThree : : ! a , sndThree : : ! b , thdThree : : ! c }
de r i v i ng (Read , Show , Eq , Ord)

35 mergeSortedBy : : ( a −> a −> Ordering ) −> [ a ] −> [ a ] −> [ a ]
mergeSortedBy cmp = go

where
go [ ] ys = ys
go xs [ ] = xs

40 go xxs@(x : xs ) yys@(y : ys ) = case x ‘cmp ‘ y o f
LT −> x : go xs yys
EQ −> x : y : go xs ys
GT −> y : go xxs ys

45 mergeSortedsBy : : ( a −> a −> Ordering ) −> [ [ a ] ] −> [ a ]
mergeSortedsBy cmp = f o l d r (mergeSortedBy cmp) [ ]

23 .gitignore

. cabal −sandbox
caba l . sandbox . c on f i g
d i s t

5 ∗ . ogv
∗ . wav
∗ . t i f
c/graphgrow− f i l t e r
∗ . g l s l . c

24 graphgrow3/audio/.gitignore

graphgrow−audio
graphgrow−audio− t e s t
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25 graphgrow3/audio/graphgrow-audio.cc

#inc lude <a s s e r t . h>
#inc lude <math . h>
#inc lude <s t d i n t . h>
#inc lude <s t d i o . h>

5 #inc lude <s t d l i b . h>
#inc lude <s t r i n g . h>
#inc lude <uni s td . h>
#inc lude <j ack / jack . h>
#inc lude <l o / l o . h>

10

#de f i n e PI 3.141592653589793
#de f i n e SR 48000
#de f i n e BLOCKSIZE 64
// DELAYSIZE must be a mul t ip l e o f BLOCKSIZE

15 #de f i n e DELAYSIZE 2048

#de f i n e GG HIP 25 .0 f
#de f i n e GG LOP 5000.0 f

20 typede f f l o a t sample ;

// 256 i s BLOCKSIZE ∗ s i z e o f ( sample )
typede f f l o a t s i g n a l a t t r i b u t e ( ( v e c t o r s i z e (256) ) ) ;
typede f i n t 3 2 t i s i g n a l a t t r i b u t e ( ( v e c t o r s i z e (256) ) ) ;

25

// 8192 i s DELAYSIZE ∗ s i z e o f ( sample )
typede f sample d e l a ybu f f e r a t t r i b u t e ( ( v e c t o r s i z e (8192) ) ) ;

#de f i n e l i k e l y ( x ) b u i l t i n e x p e c t ( ( x ) ,1 )
30 #de f i n e un l i k e l y ( x ) b u i l t i n e x p e c t ( ( x ) ,0 )

// po s t cond i t i on : 0 <= phase <= 1
s t a t i c i n l i n e f l o a t co s r educe ( f l o a t phase ) {

f l o a t p = f a b s f ( phase ) ;
35 // p >= 0

i f ( l i k e l y (p < (1 << 24) ) ) {
i n t q = p ;
re turn p − q ;

} e l s e {
40 i f ( u n l i k e l y ( i s n an f (p) | | i s i n f f (p ) ) ) {

// return NaN
return p − p ;

} e l s e {
// i n t could over f low , and i t w i l l be i n t e g r a l anyway

45 re turn 0 .0 f ;
}

}
}

50 s i g n a l co s r educe ( const s i g n a l &phase ) {
s i g n a l p = phase >= 0.0 f ? phase : −phase ;
i s i g n a l i = i s i g n a l (p) ;
s i g n a l q = s i g n a l ( i ) ;
r e turn p < sample (1 << 24) ? p − q : 0 . 0 f ;

55 }
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// pre cond i t i on : 0 <= phase <= 1
s t a t i c i n l i n e f l o a t c o s un sa f e ( f l o a t phase ) {

f l o a t p = f a b s f ( 4 . 0 f ∗ phase − 2 .0 f ) − 1 .0 f ;
60 // p in −1 . . 1

f l o a t s
= 1.5707963267948965580 e+00 f ∗ p
− 6.4596271553942852250 e−01 f ∗ p ∗ p ∗ p
+ 7.9685048314861006702 e−02 f ∗ p ∗ p ∗ p ∗ p ∗ p

65 − 4.6672571910271187789 e−03 f ∗ p ∗ p ∗ p ∗ p ∗ p ∗ p ∗ p
+ 1.4859762069630022552 e−04 f ∗ p ∗ p ∗ p ∗ p ∗ p ∗ p ∗ p ∗ p ∗ p ;

// compi le r f i g u r e s out optimal simd mu l t i p l i c a t i o n s
re turn s ;

}
70

s i g n a l c o s un sa f e ( const s i g n a l &phase ) {
s i g n a l p = 4 .0 f ∗ phase − 2 .0 f ;
p = p >= 0.0 f ? p : −p ;
p −= 1.0 f ;

75 // p in −1 . . 1
s i g n a l p2 = p ∗ p ;
s i g n a l p3 = p2 ∗ p ;
s i g n a l p5 = p2 ∗ p3 ;
s i g n a l p7 = p2 ∗ p5 ;

80 s i g n a l p9 = p2 ∗ p7 ;
s i g n a l s
= 1.5707963267948965580 e+00 f ∗ p
− 6.4596271553942852250 e−01 f ∗ p3
+ 7.9685048314861006702 e−02 f ∗ p5

85 − 4.6672571910271187789 e−03 f ∗ p7
+ 1.4859762069630022552 e−04 f ∗ p9 ;

re turn s ;
}

90 i n l i n e sample co s po l y ( sample phase ) {
re turn co s un sa f e ( co s r educe ( phase ) ) ;

}

i n l i n e sample s i n po l y ( sample phase ) {
95 re turn co s po l y ( phase − 0 .25 f ) ;

}

s i g n a l cos ( const s i g n a l &phase ) {
re turn co s un sa f e ( co s r educe ( phase ) ) ;

100 }

s i g n a l s i n ( const s i g n a l &phase ) {
re turn cos ( phase − 0 .25 f ) ;

}
105

i n l i n e sample dbtorms ( sample f ) {
re turn expf ( 0 . 5 f ∗ 0.23025850929940458 f ∗ ( fmin f ( f , 870 .0 f ) − 100 .0 f ) ) ;

}

110 i n l i n e sample rmstodb ( sample f ) {
re turn 100 .0 f + 2 .0 f ∗ 4.3429448190325175 f ∗ l o g f ( f ) ;

}
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i n l i n e sample wrap ( sample a ) {
115 re turn a − f l o o r f ( a ) ;

}

s i g n a l wrap ( const s i g n a l &a ) {
s i g n a l c ;

120 f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )
c [ i ] = wrap ( a [ i ] ) ;

r e turn c ;
#i f 0

i s i g n a l i = i s i g n a l ( a ) + ( a < 0 .0 f ) ; // vec to r compare produces ˜0
125 s i g n a l q = s i g n a l ( i ) ;

r e turn a − q ;
#end i f
}

130 s i g n a l exp ( const s i g n a l &a )
{

s i g n a l c ;
f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )

c [ i ] = expf ( a [ i ] ) ;
135 re turn c ;

}

s i g n a l l og ( const s i g n a l &a )
{

140 s i g n a l c ;
f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )

c [ i ] = l o g f ( a [ i ] ) ;
r e turn c ;

}
145

s i g n a l s q r t ( const s i g n a l &a )
{

s i g n a l c ;
f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )

150 c [ i ] = s q r t f ( a [ i ] ) ;
r e turn c ;

}

s i g n a l tanh ( const s i g n a l &a )
155 {

s i g n a l c ;
f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )

c [ i ] = tanhf ( a [ i ] ) ;
r e turn c ;

160 }

s i g n a l sqr ( const s i g n a l &a )
{

re turn a ∗ a ;
165 }

s i g n a l min ( const s i g n a l &a , const s i g n a l &b) {
re turn a < b ? a : b ;

}
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170

s i g n a l min ( const s i g n a l &a , sample b) {
re turn a < b ? a : b ;

}

175 s i g n a l min ( sample a , const s i g n a l &b) {
re turn a < b ? a : b ;

}

sample min ( sample a , sample b) {
180 re turn a < b ? a : b ;

}

s i g n a l dbtorms ( const s i g n a l &f )
{

185 re turn exp ( 0 . 5 f ∗ 0.23025850929940458 f ∗ (min ( f , 870 .0 f ) − 100 .0 f ) ) ;
}

s i g n a l rmstodb ( const s i g n a l &f )
{

190 re turn 100 .0 f + 2 .0 f ∗ 4.3429448190325175 f ∗ l og ( f ) ;
}

s t r u c t lop
{

195 // http ://www. arpchord . com/pdf / c o e f f s f i r s t o r d e r f i l t e r s 0 p 1 . pdf
sample k , k12 , x1 , y1 ;
lop ( sample hz ) : x1 ( 0 . 0 f ) , y1 ( 0 . 0 f )
{

double a = 2 ∗ PI ∗ hz / double (SR) ;
200 k = (1 − s i n ( a ) ) / cos ( a ) ;

k12 = (1 − k ) / 2 ;
} ;
s i g n a l operator ( ) ( const s i g n a l &x )
{

205 s i g n a l y ;
sample l a s t x = x1 ;
sample l a s t y = y1 ;
f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )
{

210 sample now x = x [ i ] ;
l a s t y = y [ i ] = ( now x + l a s t x ) ∗ k12 + k ∗ l a s t y ;
l a s t x = now x ;

}
x1 = l a s t x ;

215 y1 = l a s t y ;
r e turn y ;

} ;
} ;

220 s t r u c t hip
{

// http ://www. arpchord . com/pdf / c o e f f s f i r s t o r d e r f i l t e r s 0 p 1 . pdf
sample k , k12 , x1 , y1 ;
hip ( sample hz ) : x1 ( 0 . 0 f ) , y1 ( 0 . 0 f )

225 {
double a = 2 ∗ PI ∗ hz / double (SR) ;
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k = (1 − s i n ( a ) ) / cos ( a ) ;
k12 = (1 + k) / 2 ;

} ;
230 s i g n a l operator ( ) ( const s i g n a l &x )

{
s i g n a l y ;
sample l a s t x = x1 ;
sample l a s t y = y1 ;

235 f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )
{

sample now x = x [ i ] ;
l a s t y = y [ i ] = ( now x − l a s t x ) ∗ k12 + k ∗ l a s t y ;
l a s t x = now x ;

240 }
x1 = l a s t x ;
y1 = l a s t y ;
r e turn y ;

} ;
245 } ;

s t r u c t v s i g
{

sample x1 ;
250 v s i g ( sample x ) : x1 (x )

{
} ;
s i g n a l operator ( ) ( sample x )
{

255 s i g n a l y ;
sample l a s t x = x1 ;
f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )
{

sample t = ( sample ( i ) + 0 .5 f ) / sample (BLOCKSIZE) ;
260 y [ i ] = l a s t x + (x − l a s t x ) ∗ t ;

}
x1 = x ;
re turn y ;

} ;
265 } ;

s t r u c t phasor
{

sample p ;
270 phasor ( ) : p ( 0 . 0 f )

{
} ;
s i g n a l operator ( ) ( const s i g n a l &hz )
{

275 s i g n a l y ;
sample l a s t p = p ;
f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )

l a s t p = y [ i ] = wrap ( l a s t p + hz [ i ] / sample (SR) ) ;
p = l a s t p ;

280 re turn y ;
} ;

} ;
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s t r u c t no i s e
285 {

// pd−0.47−0/ s r c / d osc . c
s t a t i c i n t 3 2 t seed ;
i n t 3 2 t va l ;
no i s e ( )

290 {
va l = ( seed ∗= 1319) ;

} ;
s i g n a l operator ( ) ( )
{

295 s i g n a l y ;
i n t 3 2 t v = va l ;
f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )
{

y [ i ] = sample ( ( v & 0 x 7 f f f f f f f ) − 0x40000000 ) ∗ sample ( 1 . 0 / 0x40000000 ) ;
300 v = v ∗ 435898247 + 382842987;

}
va l = v ;
re turn y ;

} ;
305 } ;

i n t 3 2 t no i s e : : seed = 307 ;

s t r u c t de lay
{

310 de l aybu f f e r v ;
i n t w1 ;
de lay ( ) : w1(0 )
{

f o r ( i n t i = 0 ; i < DELAYSIZE; ++i )
315 v [ i ] = 0 .0 f ;

} ;
void wr i t e ( const s i g n a l &x )
{

i n t w = w1 ;
320 a s s e r t (w + BLOCKSIZE <= DELAYSIZE) ;

f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )
v [w + i ] = x [ i ] ;

w += BLOCKSIZE;
i f (w == DELAYSIZE)

325 w = 0 ;
w1 = w;

} ;
s i g n a l operator ( ) ( sample ms)
{

330 s i g n a l y ;
i n t w = w1 ;
i n t r = roundf (ms ∗ sample (SR / 1000 .0 f ) ) ;
a s s e r t (0 <= r ) ;
a s s e r t ( r < DELAYSIZE − BLOCKSIZE) ;

335 f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )
{

i n t k = w − r + i ;
k = k < 0 ? k + DELAYSIZE : k ;
a s s e r t (0 <= k) ;

340 a s s e r t ( k < DELAYSIZE) ;
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y [ i ] = v [ k ] ;
}
re turn y ;

} ;
345 s i g n a l operator ( ) ( const s i g n a l &ms)

{
// https : // en . w ik iped ia . org /wik i / Cub ic Hermi te sp l ine#⤦

Ç I n t e r p o l a t i o n o n t h e un i t i n t e r v a l w i t h o u t e x a c t d e r i v a t i v e s
s i g n a l y ;
i n t w = w1 ;

350 f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )
{

sample d = ms [ i ] ∗ sample (SR / 1000 .0 f ) ;
i n t d1 = f l o o r f (d) ;
i n t d0 = d1 − 1 ;

355 i n t d2 = d1 + 1 ;
i n t d3 = d1 + 2 ;
sample t = d − d1 ;
a s s e r t (0 <= d0 ) ;
a s s e r t ( d3 < DELAYSIZE − BLOCKSIZE) ;

360 a s s e r t (0 <= t ) ;
a s s e r t ( t < 1) ;
i n t r0 = w − d0 + i ;
i n t r1 = w − d1 + i ;
i n t r2 = w − d2 + i ;

365 i n t r3 = w − d3 + i ;
r0 = r0 < 0 ? r0 + DELAYSIZE : r0 ;
r1 = r1 < 0 ? r1 + DELAYSIZE : r1 ;
r2 = r2 < 0 ? r2 + DELAYSIZE : r2 ;
r3 = r3 < 0 ? r3 + DELAYSIZE : r3 ;

370 a s s e r t (0 <= r0 ) ;
a s s e r t (0 <= r1 ) ;
a s s e r t (0 <= r2 ) ;
a s s e r t (0 <= r3 ) ;
a s s e r t ( r0 < DELAYSIZE) ;

375 a s s e r t ( r1 < DELAYSIZE) ;
a s s e r t ( r2 < DELAYSIZE) ;
a s s e r t ( r3 < DELAYSIZE) ;
sample y0 = v [ r0 ] ;
sample y1 = v [ r1 ] ;

380 sample y2 = v [ r2 ] ;
sample y3 = v [ r3 ] ;
sample a0 = −t ∗ t ∗ t + 2 .0 f ∗ t ∗ t − t ;
sample a1 = 3 .0 f ∗ t ∗ t ∗ t − 5 .0 f ∗ t ∗ t + 2 .0 f ;
sample a2 = −3.0 f ∗ t ∗ t ∗ t + 4 .0 f ∗ t ∗ t + t ;

385 sample a3 = t ∗ t ∗ t − t ∗ t ;
y [ i ] = 0 .5 f ∗ ( a0 ∗ y0 + a1 ∗ y1 + a2 ∗ y2 + a3 ∗ y3 ) ;

}
re turn y ;

} ;
390 } ;

s t r u c t p i t c h s h i f t
{

delay de l ;
395 phasor p ;

s i g n a l operator ( ) ( const s i g n a l &audio , const s i g n a l &transpose )
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{
const sample d = 20 .0 f ;
de l . wr i t e ( audio ) ;

400 s i g n a l hz = (1 . 0 f − exp ( t ranspose ∗ 0.05776 f ) ) ∗ (1000 .0 f / d) ;
s i g n a l phase1 = p( hz ) ;
s i g n a l phase2 = wrap ( phase1 + 0 .5 f ) ;
r e turn cos ( ( phase1 − 0 .5 f ) ∗ 0 .5 f ) ∗ de l (d ∗ phase1 + 2 .0 f )

+ cos ( ( phase2 − 0 .5 f ) ∗ 0 .5 f ) ∗ de l (d ∗ phase2 + 2 .0 f ) ;
405 } ;

} ;

s t r u c t compress
{

410 sample th r e sho ld ;
sample f a c t o r ;
hip h i ;
lop lo1 , l o2 ;
compress ( sample db)

415 : th r e sho ld (db) , f a c t o r ( 0 . 25 f / dbtorms ( ( 100 . 0 f − db) ∗ 0 .125 f + db) ) , h i ( 5 . 0 f⤦
Ç ) , l o1 ( 10 . 0 f ) , l o2 ( 25 . 0 f )

{
} ;
s i g n a l operator ( ) ( const s i g n a l &audio )
{

420 s i g n a l rms = lo2 (0 . 01 f + sq r t ( l o1 ( sqr ( h i ( audio ) ) ) ) ) ;
s i g n a l db = rmstodb ( rms ) ;
db = db > th r e sho ld ? th r e sho ld + (db − th r e sho ld ) ∗ 0 .125 f : th r e sho ld ;
s i g n a l ga in = f a c t o r ∗ dbtorms (db) ;
r e turn tanh ( audio / rms ∗ gain ) ;

425 } ;
} ;

s t r u c t edge
{

430 s i g n a l ∗ i n l , ∗ i n r ;
s i g n a l ∗ out l , ∗ outr ;
p i t c h s h i f t ps l , psr ;
v s i g s ca l e , pan , l e v e l ;
edge ( s i g n a l ∗ f rom l , s i g n a l ∗ from r , s i g n a l ∗ t o l , s i g n a l ∗ t o r )

435 : i n l ( f r om l ) , i n r ( f rom r ) , ou t l ( t o l ) , outr ( t o r ) , s c a l e ( 0 . 5 ) , pan ( 0 . 5 ) , ⤦
Ç l e v e l (0 )

{
} ;
edge ( ) : edge (0 , 0 , 0 , 0) { } ;
void operator ( ) ( sample i s c a l e , sample ipan , sample i l e v e l )

440 {
s i g n a l v s c a l e = s c a l e ( i s c a l e ) ;
s i g n a l vpan = pan (0 . 25 f ∗ ipan ) ;
s i g n a l v l e v e l = l e v e l ( i l e v e l ) ∗ v s c a l e ;
s i g n a l t ranspose = log ( v s c a l e ∗ 2 .0 f ) ∗ sample ( −12.0 f / l o g f ( 2 . 0 f ) ) ;

445 ∗ out l += v l e v e l ∗ cos ( vpan ) ∗ p s l (∗ i n l , t ranspose ) ;
∗ outr += v l e v e l ∗ s i n ( vpan ) ∗ psr (∗ inr , t ranspose ) ;

} ;
} ;

450 s t r u c t r u l e
{
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s i g n a l s end l , send r , r e t u rn l , r e t u rn r ;
s i g n a l ∗ out l , ∗ out r ;
de lay de lay l , de l ayr ;

455 no i s e no i s e l , n o i s e r ;
hip h ip l , h ipr ;
lop l op l , l op r ;
compress compress l , compressr ;
sample de layt ime ;

460 r u l e ( s i g n a l ∗ out l , s i g n a l ∗outr , sample de layt ime )
: o u t l ( ou t l ) , ou t r ( outr ) , h i p l (GG HIP) , h ipr (GG HIP) , l o p l (GG LOP) , l op r (⤦

Ç GG LOP) , compress l ( 48 . 0 f ) , compressr ( 48 . 0 f ) , de layt ime ( de layt ime )
{

f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )
{

465 s end l [ i ] = 0 .0 f ;
s end r [ i ] = 0 .0 f ;
r e t u r n l [ i ] = 0 .0 f ;
r e t u rn r [ i ] = 0 .0 f ;

}
470 } ;

r u l e ( ) : r u l e (0 , 0 , 2) { } ;
void operator ( ) ( )
{

s end l = n o i s e l ( ) ∗ 1 .0 e−6 f + de l ay l ( de layt ime ) ;
475 s end r = no i s e r ( ) ∗ 1 .0 e−6 f + de layr ( de layt ime ) ;

s i g n a l l = compress l ( l o p l ( h i p l ( r e t u r n l ) ) ) ;
s i g n a l r = compressr ( l op r ( h ipr ( r e t u rn r ) ) ) ;
// one block de lay
f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )

480 {
r e t u r n l [ i ] = 0 .0 f ;
r e t u rn r [ i ] = 0 .0 f ;

}
de l ay l . wr i t e ( l ) ;

485 de layr . wr i t e ( r ) ;
∗ ou t l += l ;
∗ out r += r ;

} ;
} ;

490

s t r u c t graphgrow
{

s i g n a l out l , ou t r ;
hip h i l , h i r ;

495 compress compress l , compressr ;
r u l e r u l e s [ 4 ] ;
edge edges [ 4 ] [ 4 ] [ 8 ] ;
/∗ { osc 1152 bytes { ∗/
sample s c a l e [ 4 ] [ 4 ] [ 8 ] ;

500 sample pan [ 4 ] [ 4 ] [ 8 ] ;
u i n t 8 t l e v e l [ 4 ] [ 4 ] [ 8 ] ;
/∗ } osc } ∗/
u i n t 8 t l a s t l e v e l [ 4 ] [ 4 ] [ 8 ] ;
graphgrow ( )

505 : h i l (GG HIP) , h i r (GG HIP) , compress l ( 48 . 0 f ) , compressr ( 48 . 0 f )
{

f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )
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{
ou t l [ i ] = 0 .0 f ;

510 out r [ i ] = 0 .0 f ;
}
f o r ( i n t i = 0 ; i < 4 ; ++i )

r u l e s [ i ] = ru l e (&out l , &out r , 10 .0 f + sample ( i ) ) ;
f o r ( i n t i = 0 ; i < 4 ; ++i )

515 f o r ( i n t j = 0 ; j < 4 ; ++j )
f o r ( i n t k = 0 ; k < 8 ; ++k)
{

edges [ i ] [ j ] [ k ] = edge(& ru l e s [ i ] . s end l , &r u l e s [ i ] . send r , &r u l e s [ j ] .⤦
Ç r e tu rn l , &r u l e s [ j ] . r e t u rn r ) ;

s c a l e [ i ] [ j ] [ k ] = 0 .5 f ;
520 pan [ i ] [ j ] [ k ] = 0 .5 f ;

l e v e l [ i ] [ j ] [ k ] = 0 ;
l a s t l e v e l [ i ] [ j ] [ k ] = 0 ;

}
} ;

525 void operator ( ) ( )
{

f o r ( i n t i = 0 ; i < BLOCKSIZE; ++i )
{

ou t l [ i ] = 0 .0 f ;
530 out r [ i ] = 0 .0 f ;

}
f o r ( i n t i = 0 ; i < 4 ; ++i )

r u l e s [ i ] ( ) ;
f o r ( i n t i = 0 ; i < 4 ; ++i )

535 f o r ( i n t j = 0 ; j < 4 ; ++j )
f o r ( i n t k = 0 ; k < 8 ; ++k)
{

i f ( l e v e l [ i ] [ j ] [ k ] | | l a s t l e v e l [ i ] [ j ] [ k ] )
edges [ i ] [ j ] [ k ] ( s c a l e [ i ] [ j ] [ k ] , pan [ i ] [ j ] [ k ] , l e v e l [ i ] [ j ] [ k ] ) ;

540 l a s t l e v e l [ i ] [ j ] [ k ] = l e v e l [ i ] [ j ] [ k ] ;
}

ou t l = compress l ( h i l ( o u t l ) ) ;
ou t r = compressr ( h i r ( ou t r ) ) ;

} ;
545 } ;

s t r u c t c on t r o l
{

sample s c a l e [ 4 ] [ 4 ] [ 8 ] ;
550 sample pan [ 4 ] [ 4 ] [ 8 ] ;

u i n t 8 t l e v e l [ 4 ] [ 4 ] [ 8 ] ;
} ;

555 s t r u c t
{

graphgrow G;
i n t count ;
j a c k c l i e n t t ∗ c l i e n t ;

560 j a c k p o r t t ∗ out por t [ 2 ] ;
v o l a t i l e i n t i n p r o c e s s cb ;
v o l a t i l e i n t running ;
c on t r o l C;
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} S ;
565

i n t proce s scb ( j a ck n f r ames t nframes , void ∗ arg )
{

S . i n p r o c e s s cb = 1 ;
j a c k d e f au l t aud i o s amp l e t ∗ ou t l = ( j a c k d e f au l t aud i o s amp l e t ∗) ⤦

Ç j a c k p o r t g e t b u f f e r (S . out por t [ 0 ] , nframes ) ;
570 j a c k d e f au l t aud i o s amp l e t ∗ out r = ( j a c k d e f au l t aud i o s amp l e t ∗) ⤦

Ç j a c k p o r t g e t b u f f e r (S . out por t [ 1 ] , nframes ) ;

f o r ( i n t i = 0 ; i < 4 ; ++i )
f o r ( i n t j = 0 ; j < 4 ; ++j )

f o r ( i n t k = 0 ; k < 8 ; ++k)
575 {

S .G. s c a l e [ i ] [ j ] [ k ] = S .C. s c a l e [ i ] [ j ] [ k ] ;
S .G. pan [ i ] [ j ] [ k ] = S .C. pan [ i ] [ j ] [ k ] ;
S .G. l e v e l [ i ] [ j ] [ k ] = S .C. l e v e l [ i ] [ j ] [ k ] ;

}
580

i n t count = S . count ;
f o r ( j a ck n f r ames t i = 0 ; i < nframes ; ++i )
{

i f ( count == 0)
585 S .G( ) ;

o u t l [ i ] = S .G. ou t l [ count ] ;
ou t r [ i ] = S .G. out r [ count ] ;
count = ( count + 1) % BLOCKSIZE;

}
590 S . count = count ;

S . i n p r o c e s s cb = 0 ;
re turn 0 ;
( void ) arg ;

595 }

void e r ro r cb ( i n t num, const char ∗msg , const char ∗path )
{

f p r i n t f ( s tde r r , ” l i b l o s e r v e r e r r o r %d in path %s : %s \n” , num, path , msg) ;
600 }

i n t audiocb ( const char ∗path , const char ∗ types , l o a r g ∗∗argv , i n t argc , void ∗⤦
Ç message , void ∗ use r data )

{
const i n t bytes = s i z e o f (S .C) ;

605 i n t s i z e = argv [0]−> blob . s i z e ;
void ∗data = &argv [0]−> blob . data ;
i f ( s i z e == bytes )
{

whi le (S . i n p r o c e s s cb )
610 ;

memcpy(&S .C, data , bytes ) ;
}
re turn 0 ;
( void ) path ;

615 ( void ) types ;
( void ) argc ;
( void ) message ;
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( void ) use r data ;
}

620

i n t qu i tcb ( const char ∗path , const char ∗ types , l o a r g ∗∗argv , i n t argc , void ∗⤦
Ç message , void ∗ use r data )

{
S . running = 0 ;
re turn 0 ;

625 ( void ) path ;
( void ) types ;
( void ) argv ;
( void ) argc ;
( void ) message ;

630 ( void ) use r data ;
}

i n t main ( )
{

635

i f ( ! (S . c l i e n t = j a c k c l i e n t o p e n (” graphgrow ” , JackNoStartServer , 0) ) ) {
f p r i n t f ( s tde r r , ” jack s e r v e r not running ?\n”) ;
r e turn 1 ;

}
640 j a c k s e t p r o c e s s c a l l b a c k (S . c l i e n t , processcb , 0) ;

S . out por t [ 0 ] = j a c k p o r t r e g i s t e r (S . c l i e n t , ” output 1 ” , ⤦
Ç JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0) ;

S . out por t [ 1 ] = j a c k p o r t r e g i s t e r (S . c l i e n t , ” output 2 ” , ⤦
Ç JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0) ;

i f ( j a c k a c t i v a t e (S . c l i e n t ) ) {
f p r i n t f ( s tde r r , ” cannot a c t i v a t e JACK c l i e n t ”) ;

645 re turn 1 ;
}
i f ( j a ck connec t (S . c l i e n t , ”graphgrow : output 1 ” , ” system : playback 1 ”) ) {

f p r i n t f ( s tde r r , ” cannot connect output port \n”) ;
}

650 i f ( j a ck connec t (S . c l i e n t , ”graphgrow : output 2 ” , ” system : playback 2 ”) ) {
f p r i n t f ( s tde r r , ” cannot connect output port \n”) ;

}

S . running = 1 ;
655

l o s e r v e r t h r e a d l o = l o s e r v e r th r e ad new (”6060” , e r r o r cb ) ;
l o s e rve r th read add method ( lo , ”/ audio ” , ”b” , audiocb , 0) ;
l o s e rve r th read add method ( lo , ”/ qu i t ” , ”” , quitcb , 0) ;
l o s e r v e r t h r e a d s t a r t ( l o ) ;

660

whi le (S . running )
s l e e p (1 ) ;

l o s e r v e r t h r e a d f r e e ( l o ) ;
665

j a c k c l i e n t c l o s e (S . c l i e n t ) ;

r e turn 0 ;
}
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26 graphgrow3/audio/graphgrow-audio-test.cc

#inc lude <s t d i o . h>
#inc lude <s t d l i b . h>
#inc lude <s t r i n g . h>
#inc lude <uni s td . h>

5 #inc lude <l o / l o . h>

s t r u c t c on t r o l
{

f l o a t s c a l e [ 4 ] [ 4 ] [ 8 ] ;
10 f l o a t pan [ 4 ] [ 4 ] [ 8 ] ;

u i n t 8 t l e v e l [ 4 ] [ 4 ] [ 8 ] ;
} ;

i n t main ( )
15 {

c on t r o l C;
memset(&C, 0 , s i z e o f (C) ) ;

l o add r e s s t = lo addre s s new (”255 . 255 . 255 . 255” , ”6060”) ;
20

whi le (1 )
{

s l e e p (1 ) ;

25 i n t i = rand ( ) % 4 ;
i n t j = rand ( ) % 4 ;
i n t k = rand ( ) % 8 ;
f l o a t s c a l e = rand ( ) / ( double ) RANDMAX; s c a l e ∗= s c a l e ; s c a l e ∗= s c a l e ;
f l o a t pan = ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) ∗ 0 .5 + 0 . 5 ;

30 u i n t 8 t l e v e l = rand ( ) % 2 ;
C. s c a l e [ i ] [ j ] [ k ] = s c a l e ;
C. pan [ i ] [ j ] [ k ] = pan ;
C. l e v e l [ i ] [ j ] [ k ] = l e v e l ;

35 i n t count = 0 ;
f o r ( i = 0 ; i < 4 ; ++i )

f o r ( j = 0 ; j < 4 ; ++j )
f o r ( k = 0 ; k < 8 ; ++k)

count += C. l e v e l [ i ] [ j ] [ k ] ;
40 f p r i n t f ( s tde r r , ” %d\ r ” , count ) ;

l o b l ob blob = lo b lob new ( s i z e o f (C) , &C) ;
i f ( blob )
{

45 i f ( l o s end ( t , ”/ audio ” , ”b” , blob ) == −1)
f p r i n t f ( s tde r r , ”OSC e r r o r %d : %s \n” , l o add r e s s e r r n o ( t ) , ⤦

Ç l o a d d r e s s e r r s t r ( t ) ) ;
l o b l o b f r e e ( blob ) ;

}
e l s e

50 f p r i n t f ( s tde r r , ”OSC e r r o r : couldn ’ t lo b lob new \n”) ;

}
re turn 0 ;

}
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27 graphgrow3/Audio.hs

module Audio ( audioNew , Audio ) where

import System . IO (Handle , hPutStr , hFlush )
import Data . IORef ( IORef , newIORef , atomicModifyIORef )

5

import Control . Concurrent ( threadDelay )

import Data .Map (Map)
import q u a l i f i e d Data .Map. S t r i c t as M

10 import q u a l i f i e d Data .Map. S t r i c t . Merge as M

import System . Process ( c r ea teProce s s , proc , c l o s e f d s , s td in , terminateProcess ,⤦
Ç StdStream ( CreatePipe ) )

import Paths graphgrow3 ( getDataFileName )
15 import Types (NID, RID)

type Audio = ( Int , [ (NID, NID, RID , Double , Double ) ] )

data AudioEngine = AudioEngine
20 { aOld : : IORef (Map (RID , NID, NID) (RID , Double , Double ) )

, aPul l : : IO (Map RID Audio )
, aPdSend : : Handle
}

25 audioNew : : IO (Map RID Audio ) −> IO ( IO ( ) , IO ( ) )
audioNew pu l l = do

aOld ’ <− newIORef M. empty
patch <− getDataFileName ”graphgrow3 . pd”
( , , , pd ) <− c r ea t eProc e s s ( proc ”pd” [”− nogui ” , patch ] ) { c l o s e f d s = True⤦

Ç }
30 threadDelay (1000 ∗ 1000)

( Just h , , , pdsend ) <− c r ea t eProc e s s ( proc ”pdsend” [ ” 6060” ] ) { c l o s e f d s =⤦
Ç True , s t d i n = CreatePipe }

re turn ( audio AudioEngine
{ aOld = aOld ’
, aPul l = pu l l

35 , aPdSend = h
} , t e rminateProces s pdsend >> te rminateProces s pd)

audio : : AudioEngine −> IO ( )
audio a = do

40 m <− aPul l a
l e t m’ = M. fromList

[ ( ( r0 , min n0 n1 , max n0 n1 ) , ( r1 , s , x ) )
| ( r0 , ( , e s ) ) <− M. toL i s t m
, (n0 , n1 , r1 , s , x ) <− es

45 ]
m0’ <− atomicModifyIORef ( aOld a ) $ \m0’ −> (m’ , m0’ )
l e t toDe l e te = m0’ ‘M. d i f f e r e n c e ‘ m’

toAdd = m’ ‘M. d i f f e r e n c e ‘ m0’
toUpdate = M. merge

50 (M. mapMissing $ \ ( , s1 , x1 ) −> ( Nothing , Just s1 , Just x1 ) )
M. dropMiss ing
(M. zipWithMatched $ \ ( r1 , s1 , x1 ) ( r0 , s0 , x0 ) −>
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( i f r1 == r0 then Nothing e l s e Just r1
, i f s1 == s0 then Nothing e l s e Just s1

55 , i f x1 == x0 then Nothing e l s e Just x1
)

)
m’ m0’

d e l e t e s = un l i n e s
60 [ ” d e l e t e ” ++ ( unwords $ map show [ r0 , n0 , n1 ] ) ++ ” ;”

| ( r0 , n0 , n1 ) <− M. keys toDe l e te
]

adds = un l i n e s
[ ”add ” ++ ( unwords $ map show [ r0 , n0 , n1 , r1 ] ) ++ ” ;”

65 | ( ( r0 , n0 , n1 ) , ( r1 , , ) ) <− M. toL i s t toAdd
]

updateTargets = un l i n e s
[ ” s e t ” ++ ( unwords $ map show [ r0 , n0 , n1 ] ) ++ ” ta rg e t ” ++ show r1 ⤦

Ç ++ ”;”
| ( ( r0 , n0 , n1 ) , ( Just r1 , , ) ) <− M. toL i s t toUpdate

70 ]
updateSca le s = un l i n e s

[ ” s e t ” ++ ( unwords $ map show [ r0 , n0 , n1 ] ) ++ ” s c a l e ” ++ show s ++ ⤦
Ç ” ;”

| ( ( r0 , n0 , n1 ) , ( , Just s , ) ) <− M. toL i s t toUpdate
]

75 updatePans = un l i n e s
[ ” s e t ” ++ ( unwords $ map show [ r0 , n0 , n1 ] ) ++ ” pan ” ++ show x ++ ⤦

Ç ” ;”
| ( ( r0 , n0 , n1 ) , ( , , Just x ) ) <− M. toL i s t toUpdate
]

packet = d e l e t e s ++ adds ++ updateTargets ++ updatePans ++ updateSca le s
80 hPutStr ( aPdSend a ) packet

hFlush ( aPdSend a )

28 graphgrow3/audio/Makefile

a l l : graphgrow−audio graphgrow−audio− t e s t

c l ean :
−rm graphgrow−audio graphgrow−audio− t e s t

5

graphgrow−audio : graphgrow−audio . cc
g++ −std=c++11 −Wall −Wextra −pedant ic −Wno−var i ad i c −macros −O3 −march=⤦

Ç nat ive − f f a s t −math − I$ (HOME)/opt/ inc lude −L$ (HOME)/opt/ l i b −o ⤦
Ç graphgrow−audio graphgrow−audio . cc − l j a c k − l l o

graphgrow−audio− t e s t : graphgrow−audio− t e s t . cc
10 g++ −std=c++11 −Wall −Wextra −pedant ic −Wno−var i ad i c −macros −O3 −march=⤦

Ç nat ive − f f a s t −math − I$ (HOME)/opt/ inc lude −L$ (HOME)/opt/ l i b −o ⤦
Ç graphgrow−audio− t e s t graphgrow−audio− t e s t . cc − l l o

29 graphgrow3/audio/README

Needs l i b l o from https : // github . com/ radar sat1 / l i b l o
Tested with HEAD at 276 dc11db2038b44f04fe67cdb425929427a5337
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30 graphgrow3/colour.frag

#ver s i on 130
uniform sampler2DArray s r c ;
uniform f l o a t speed ;

5 in vec2 texCoord ;

out vec4 co l our ;

void main ( ) {
10 vec2 p = texCoord ;

vec2 z = texture ( src , vec3 (p , 0 . 0 ) ) . xy ;
f l o a t n = z . x ∗ speed ;
vec3 yuv ;
i f (n < 0 . 0 ) {

15 yuv = vec3 ( 0 . 0 ) ;
} e l s e {

yuv = vec3 ( clamp ( log ( 1 . 0 + n / 4 . 0 ) , 0 . 0 , 1 . 0 ) , 0 .125 ∗ s i n (n) , −0.125 ∗ cos⤦
Ç (n) ) ;

}
vec3 rgb = yuv ∗ mat3 ( 1 . 0 , 0 . 0 , 1 . 4 , 1 . 0 , −0.395 , −0.581 , 1 . 0 , 2 . 03 , 0 . 0 ) ;

20 co l ou r = vec4 ( rgb , 1 . 0 ) ;
}

31 graphgrow3/colour.vert

#ver s i on 130

out vec2 texCoord ;

5 void main ( ) {
f l o a t t = 0 .5 ∗ 500 .0 / 2048 . 0 ;
switch ( g l VertexID ) {

de f au l t :
case 0 :

10 g l P o s i t i o n = vec4 ( −1 .0 , −1.0 , 0 . 0 , 1 . 0 ) ;
texCoord = vec2 ( 0 . 5 − t , 0 . 5 + t ) ;
break ;

case 1 :
g l P o s i t i o n = vec4 ( 1 . 0 , −1.0 , 0 . 0 , 1 . 0 ) ;

15 texCoord = vec2 ( 0 . 5 + t , 0 . 5 + t ) ;
break ;

case 2 :
g l P o s i t i o n = vec4 ( −1 .0 , 1 . 0 , 0 . 0 , 1 . 0 ) ;
texCoord = vec2 ( 0 . 5 − t , 0 . 5 − t ) ;

20 break ;
case 3 :

g l P o s i t i o n = vec4 ( 1 . 0 , 1 . 0 , 0 . 0 , 1 . 0 ) ;
texCoord = vec2 ( 0 . 5 + t , 0 . 5 − t ) ;
break ;

25 }
}

32 graphgrow3/compress˜.pd
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#N canvas 275 94 452 587 10 ;
#X obj 28 28 i n l e t ˜ ;
#X obj 27 543 ou t l e t ˜ ;
#X obj 58 82 hip ˜ 5 ;

5 #X obj 58 108 ∗˜ ;
#X obj 281 25 i n l e t ;
#X obj 87 281 rmstodb ˜ ;
#X obj 86 353 dbtorms ˜ ;
#X obj 27 474 ∗˜ ;

10 #X obj 57 135 lop ˜ 10 ;
#X obj 87 221 lop ˜ 25 ;
#X obj 25 272 /˜ ;
#X obj 201 390 dbtorms ;
#X obj 86 417 /˜ 0 ;

15 #X obj 87 179 sq r t ˜ ;
#X obj 86 442 ∗˜ 0 . 2 5 ;
#X obj 310 55 loadbang ;
#X obj 310 79 f \$1 ;
#X obj 27 514 expr ˜ tanh ( $v1 ) ;

20 #X obj 86 314 expr ˜ i f ( $v1>$ f 2 \ , $ f 2+($v1−$ f 2 ) /8 \ , $ f 2 ) ;
#X obj 201 366 expr (100− $ f 1 )/8+$ f 1 ;
#X obj 88 202 +˜ 0 . 0 1 ;
#X connect 0 0 2 0 ;
#X connect 0 0 10 0 ;

25 #X connect 2 0 3 0 ;
#X connect 2 0 3 1 ;
#X connect 3 0 8 0 ;
#X connect 4 0 18 1 ;
#X connect 4 0 19 0 ;

30 #X connect 5 0 18 0 ;
#X connect 6 0 12 0 ;
#X connect 7 0 17 0 ;
#X connect 8 0 13 0 ;
#X connect 9 0 10 1 ;

35 #X connect 9 0 5 0 ;
#X connect 10 0 7 0 ;
#X connect 11 0 12 1 ;
#X connect 12 0 14 0 ;
#X connect 13 0 20 0 ;

40 #X connect 14 0 7 1 ;
#X connect 15 0 16 0 ;
#X connect 16 0 18 1 ;
#X connect 16 0 19 0 ;
#X connect 17 0 1 0 ;

45 #X connect 18 0 6 0 ;
#X connect 19 0 11 0 ;
#X connect 20 0 9 0 ;

33 graphgrow3/Dimension.hs

−− |
−− Compute Hausdor f f dimension o f a graph d i r e c t ed i t e r a t e d func t i on system o f
−− s i m i l a r i t i e s s p e c i f i e d by adjacency matrix , assuming the open s e t cond i t i on
−− i s s a t i s f i e d . For example :

5 −−

−− > −− Koch snowf lake
−− > > dimH ( l i s tA r r a y ( ( 0 , 0 ) , ( 0 , 0 ) ) [ [ 1 / 3 , 1 / 3 , 1 / 3 , 1 / 3 ] ] )
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−− > Just 1.2618595361709595
−−

10 −− > −− S i e r p i n s k i t r i a n g l e
−− > > dimH ( l i s tA r r a y ( ( 0 , 0 ) , ( 0 , 0 ) ) [ [ 1 / 2 , 1 / 2 , 1 / 2 ] ] )
−− > Just 1.5849626064300537
−−

−− > −− Koch + S i e r p i n s k i hybrid
15 −− > > dimH ( l i s tA r r a y ( ( 0 , 0 ) , ( 1 , 1 ) ) ⤦

Ç [ [ 1 / 3 , 1 / 3 , 1 / 3 , 1 / 3 ] , [ 1 / 2 ] , [ 1 / 3 ] , [ 1 / 2 , 1 / 2 , 1 / 2 ] ] )
−− > Just 1.7465347051620483

module Dimension (dimH) where

20 import Data . Array (Array , ( ! ) , (//) , bounds , i nd i c e s , l i s tA r r a y )

import Data . Graph . Induct ive . Pat r i c i aTree (Gr)
import Data . Graph . Induct ive . Query .DFS ( scc )
import Data . Graph . Induct ive . Graph (mkGraph , subgraph , noNodes , labNodes , ⤦

Ç labEdges )
25

−− compute dimension as maximum over components
dimH : : Array ( Int , Int ) [ Double ] −> Maybe Double
dimH = maximum . ( Nothing : ) . map dimSCC . components

30 −− precond i t i on : m i s square
components : : Array ( Int , Int ) [ Double ] −> [ Array ( Int , Int ) [ Double ] ]
components m = map fromGraph $ map ( ‘ subgraph ‘ g ) ( s cc g )

where
g = toGraph m

35

toGraph : : Array ( Int , Int ) [ Double ] −> Gr Int [ Double ]
toGraph m = mkGraph

[ ( i , i ) | i <− [ 0 . . n ] ]
[ ( i , j , m ! ( i , j ) ) | ( i , j ) <− i n d i c e s m, not ( nu l l (m ! ( i , j ) ) ) ]

40 where
( ( 0 , 0) , (n , n ) ) = bounds m

fromGraph : : Gr Int [ Double ] −> Array ( Int , Int ) [ Double ]
fromGraph g = l i s tA r r a y ( ( 0 , 0) , (n , n ) ) ( r e p l i c a t e ( ( n + 1) ∗ (n + 1) ) [ ] ) //

45 [ ( ( i ’ , j ’ ) , l )
| ( i , j , l ) <− es , Just i ’ <− [ lookup i ns ] , Just j ’ <− [ lookup j ns ]
]

where
n = noNodes g − 1

50 ns = map f s t ( labNodes g ) ‘ z ip ‘ [ 0 . . ]
e s = labEdges g

−− precond i t i on : g corresponds to a s t r ong l y connected component
dimSCC : : Array ( Int , Int ) [ Double ] −> Maybe Double

55 dimSCC g = f indZero f 0 10
where
f s = fmap ( subt rac t 1) $ spec t ra lRad iu s ( fmap (sum . map (∗∗ s ) ) g )

−− precond i t i on : m i s square
60 spec t ra lRad iu s : : Array ( Int , Int ) Double −> Maybe Double

spec t ra lRad iu s m = go 0 1 0 ones
where
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( ( 0 , 0) , (m1, m1) ) = bounds m
ones = l i s tA r r a y (0 , m1) ( r e p l i c a t e (m1 + 1) 1)

65 go : : Int −> Double −> Double −> Array Int Double −> Maybe Double
go n h r v

| n > 1000 = Nothing
| abs h < 0.00001 = Just r
| otherw i s e = go (n + 1) h ’ r ’ v ’

70 where
h ’ = r ’ − r
r ’ = dot v ’ v / dot v v
v ’ = mul m v

75 −− precond i t i on : a and b have the same bounds
dot : : Array Int Double −> Array Int Double −> Double
dot a b = sum [ a ! i ∗ b ! i | i <− i n d i c e s a ]

−− precond i t i on : m i s square matching the dimensions o f v
80 mul : : Array ( Int , Int ) Double −> Array Int Double −> Array Int Double

mul m v = l i s tA r r a y ( bounds v )
[ sum [ m ! ( i , j ) ∗ v ! j | j <− i n d i c e s v ] | i <− i n d i c e s v ]

−− precond i t i on : f i s cont inuous and monotonic with a zero between x1 and x2
85 f i ndZero : : ( Double −> Maybe Double ) −> Double −> Double −> Maybe Double

f indZero f x1 ’ x2 ’ = do
y1 <− f x1 ’
y2 <− f x2 ’
case ( ) o f

90 | zero y1 −> Just x1 ’
| zero y2 −> Just x2 ’
| y1 > 0 && y2 > 0 −> Nothing
| y1 < 0 && y2 < 0 −> Nothing
| otherw i s e −> go x1 ’ y1 x2 ’ y2

95 where
zero x = abs x < 0.0000001
go x1 y1 x2 y2 = do

l e t x = ( x1 + x2 ) / 2
y <− f x

100 case ( ) o f
| zero y −> Just x
| ( y2 > 0 && y > 0) | | ( y2 < 0 && y < 0) −> go x1 y1 x y
| ( y2 > 0 && y < 0) | | ( y2 < 0 && y > 0) −> go x y x2 y2
| otherw i s e −> Nothing

34 graphgrow3/edge˜.pd

#N canvas 3 93 450 358 10 ;
#X obj 40 198 p i t c h s h i f t ˜ ;
#X obj 178 44 r EDGE;
#X obj 178 66 route \$1 ;

5 #X obj 178 88 route \$2 ;
#X obj 178 110 route \$3 ;
#X obj 113 174 v l i n e ˜ ;
#X obj 114 129 f ;
#X obj 228 179 f ;

10 #X obj 40 243 ∗˜ ;
#X obj 72 244 v l i n e ˜ ;
#X obj 114 154 expr −12∗ l og ( $ f 1 /0 . 5 ) / l og (2 ) ;
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#X obj 39 314 throw˜ RULE−\$4− l ;
#X obj 163 314 throw˜ RULE−\$4−r ;

15 #X obj 38 287 ∗˜ ;
#X obj 164 291 ∗˜ ;
#X obj 251 251 expr 3.141592653/2∗ $ f 1 ;
#X obj 251 274 expr cos ( $ f 1 ) \ ; s i n ( $ f 1 ) ;
#X obj 66 287 v l i n e ˜ ;

20 #X obj 197 290 v l i n e ˜ ;
#X obj 41 43 r ˜ RULE−\$1− l ;
#X obj 52 71 r ˜ RULE−\$1−r ;
#X obj 50 218 p i t c h s h i f t ˜ ;
#X obj 52 264 ∗˜ ;

25 #X msg 229 200 s e t RULE−\$1− l ;
#X msg 238 220 s e t RULE−\$1−r ;
#X msg 320 154 \ ; \$1 bang ;
#X obj 178 132 route s c a l e t a r g e t pan echo a c t i v e ;
#X obj 360 201 switch ˜ ;

30 #X obj 382 166 f ;
#X obj 371 81 loadbang ;
#X msg 371 103 1 ;
#X connect 0 0 8 0 ;
#X connect 1 0 2 0 ;

35 #X connect 2 0 3 0 ;
#X connect 3 0 4 0 ;
#X connect 4 0 26 0 ;
#X connect 5 0 0 1 ;
#X connect 5 0 21 1 ;

40 #X connect 6 0 9 0 ;
#X connect 6 0 10 0 ;
#X connect 7 0 23 0 ;
#X connect 7 0 24 0 ;
#X connect 8 0 13 0 ;

45 #X connect 9 0 8 1 ;
#X connect 9 0 22 1 ;
#X connect 10 0 5 0 ;
#X connect 13 0 11 0 ;
#X connect 14 0 12 0 ;

50 #X connect 15 0 16 0 ;
#X connect 16 0 17 0 ;
#X connect 16 1 18 0 ;
#X connect 17 0 13 1 ;
#X connect 18 0 14 1 ;

55 #X connect 19 0 0 0 ;
#X connect 20 0 21 0 ;
#X connect 21 0 22 0 ;
#X connect 22 0 14 0 ;
#X connect 23 0 11 0 ;

60 #X connect 24 0 12 0 ;
#X connect 26 0 6 0 ;
#X connect 26 1 7 0 ;
#X connect 26 2 15 0 ;
#X connect 26 3 25 0 ;

65 #X connect 26 4 28 0 ;
#X connect 28 0 27 0 ;
#X connect 29 0 30 0 ;
#X connect 30 0 28 0 ;
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35 graphgrow3/graphgrow3.cabal

name : graphgrow3
ve r s i on : 3
synops i s : graph−d i r e c t ed i t e r a t e d func t i on system f r a c t a l s
d e s c r i p t i o n :

5 graphgrow3 f o r graph−d i r e c t ed i t e r a t e d func t i on system f r a c t a l s .
.
GraphGrow3 has a g raph i c a l node ed i to r , v i s u a l i z a t i o n with
OpenGL and s o n i f i c a t i o n v ia messages to Pure−data .
.

10 > pd graphgrow3 . pd &
> graphgrow3 | pdsend 6060

homepage : https : //mathr . co . uk/ blog /graphgrow . html
l i c e n s e : GPL−3

15 l i c e n s e − f i l e : LICENSE
author : Claude Heiland −Allen
mainta iner : claude@mathr . co . uk
category : Graphics
bui ld −type : Simple

20 cabal −ve r s i on : >=1.8
extra −doc− f i l e s : README.md
data− f i l e s :

i n i t i a l . ve r t
i n i t i a l . f r a g

25 co l our . ve r t
co l our . f r a g
s tep . ve r t
s tep . f r a g
graphgrow3 . pd

30 r u l e ˜ . pd
edge ˜ . pd
compress ˜ . pd
p i t c h s h i f t ˜ . pd

35 executab l e graphgrow3
main− i s : Main . hs
other −modules :

Types
Audio

40 Video
Dimension

bui ld −depends :
base >= 4.9 && < 4 . 10 ,
array >= 0.5 && < 0 . 6 ,

45 co l our >= 2.3 && < 2 . 4 ,
c on ta i n e r s >= 0 . 5 . 8 && < 0 . 6 ,
f g l >= 5.5 && < 5 . 6 ,
g l i b >= 0.13 && < 0 . 14 ,
gtk >= 0.14 && < 0 . 15 ,

50 g tkg l ex t >= 0.13 && < 0 . 14 ,
l e n s >= 4.15 && < 4 . 16 ,
l i n e a r >= 1.20 && < 1 . 21 ,
mtl >= 2.2 && < 2 . 3 ,
OpenGLRaw >= 3.2 && < 3 . 3 ,

55 proce s s >= 1 . 4 . 2 && < 1 . 5 ,
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toy−gtk−diagrams >= 0.4 && < 0 .5
ghc−opt ions : −Wall −threaded

Source− r e po s i t o r y head
60 type : g i t

l o c a t i o n : https : // code . mathr . co . uk/graphgrow . g i t
subd i r : graphgrow3

Source− r e po s i t o r y t h i s
65 type : g i t

l o c a t i o n : https : // code . mathr . co . uk/graphgrow . g i t
subd i r : graphgrow3
tag : v3

36 graphgrow3/graphgrow3.pd

#N canvas 24 92 520 592 10 ;
#N canvas 3 143 450 300 RULES 0 ;
#X obj 41 35 ru l e ˜ 0 ;
#X obj 41 57 ru l e ˜ 1 ;

5 #X obj 41 79 ru l e ˜ 2 ;
#X obj 41 101 ru l e ˜ 3 ;
#X obj 41 123 ru l e ˜ 4 ;
#X obj 41 145 ru l e ˜ 5 ;
#X obj 41 167 ru l e ˜ 6 ;

10 #X obj 41 189 ru l e ˜ 7 ;
#X r e s t o r e 32 139 pd RULES;
#X obj 61 283 dac ˜ ;
#N canvas 3 143 450 300 EDGES 0 ;
#X r e s t o r e 32 112 pd EDGES;

15 #X obj 215 51 n e t r e c e i v e 6060 ;
#X obj 278 401 l i s t prepend obj 10 10 edge ˜ ;
#X obj 278 423 l i s t tr im ;
#X obj 298 530 s pd−EDGES;
#X obj 278 445 t b b a b ;

20 #X msg 295 467 loadbang ;
#X msg 338 491 \ ; pd dsp 0 ;
#X msg 268 489 \ ; pd dsp 1 ;
#X msg 420 466 c l e a r ;
#X obj 33 205 hip ˜ 5 ;

25 #X obj 33 165 catch ˜ OUT− l ;
#X obj 129 187 hip ˜ 5 ;
#X obj 129 165 catch ˜ OUT−r ;
#X obj 41 318 env˜ 16384 ;
#X f loatatom 41 340 5 0 0 0 − − − , f 5 ;

30 #X obj 120 318 env˜ 16384 ;
#X f loatatom 120 340 5 0 0 0 − − − , f 5 ;
#X obj 259 267 s EDGE;
#X obj 311 269 r ECHO;
#X msg 312 295 0 ;

35 #X obj 216 303 l i s t prepend ;
#X obj 216 202 t a a b ;
#X msg 296 221 1 ;
#X obj 216 352 route 0 1 ;
#X obj 216 325 l i s t tr im ;

40 #X msg 216 374 \$1 \$2 \$3 a c t i v e 1 \ , \$1 \$2 \$3 ta r g e t \$4 ;
#X obj 216 396 s EDGE;
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#X obj 215 123 route add d e l e t e s e t ;
#X text 219 143 f f f f ;
#X text 274 142 f f f ;

45 #X msg 277 174 \$1 \$2 \$3 a c t i v e 0 ;
#X obj 277 196 s EDGE;
#X text 321 143 f f f s f ;
#X obj 336 196 s EDGE;
#X msg 259 245 \$1 \$2 \$3 echo symbol ECHO;

50 #X obj 35 487 w r i t e s f ˜ 2 ;
#X msg 54 453 stop ;
#X obj 35 24 loadbang ;
#X msg 35 70 \ ; pd dsp 1 ;
#X msg 18 429 open −bytes 4 audio . wav \ , s t a r t ;

55 #X obj 33 231 compress ˜ 48 ;
#X obj 128 230 compress ˜ 48 ;
#X obj 116 257 ∗˜ 1 ;
#X obj 34 254 ∗˜ 1 ;
#N canvas 529 88 593 502 RANDOMIZE 0 ;

60 #X obj 87 11 i n l e t ;
#X obj 96 73 random 8 ;
#X obj 96 95 + 1 ;
#X msg 164 72 c l e a r ;
#X obj 164 94 s pd−EDGES;

65 #X msg 245 71 \ ; pd dsp 0 ;
#X obj 96 175 ∗ 3 ;
#X obj 96 197 un t i l ;
#X obj 84 289 random ;
#X obj 98 379 pack f f f f f f ;

70 #X obj 237 285 random ;
#X obj 176 285 f 0 ;
#X obj 204 285 + 1 ;
#X msg 140 290 0 ;
#X obj 96 219 t b b b b b b ;

75 #X obj 297 300 t f f ;
#X obj 297 322 ∗ ;
#X obj 446 301 − 0 . 5 ;
#X obj 446 323 ∗ 0 . 5 ;
#X obj 446 345 + 0 . 5 ;

80 #X obj 96 114 t f b f ;
#X obj 114 157 + 2 ;
#X obj 114 135 random 3 ;
#X msg 159 187 0 ;
#X msg 94 406 add \$1 \$2 \$3 \$4 \ , s e t \$1 \$2 \$3 s c a l e \$5 \ , s e t

85 \$1 \$2 \$3 pan \$6 ;
#X obj 91 437 ou t l e t ;
#X msg 30 77 \ ; pd dsp 1 ;
#X obj 298 256 random 1e+06;
#X obj 297 278 / 1e+06;

90 #X obj 448 257 random 1e+06;
#X obj 446 279 / 1e+06;
#X obj 87 33 t b b b b b ;
#X msg 425 65 −−−−−−−−−−−−−−;
#X connect 0 0 31 0 ;

95 #X connect 1 0 2 0 ;
#X connect 2 0 20 0 ;
#X connect 3 0 4 0 ;
#X connect 6 0 7 0 ;
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#X connect 7 0 14 0 ;
100 #X connect 8 0 9 0 ;

#X connect 9 0 24 0 ;
#X connect 10 0 9 3 ;
#X connect 11 0 12 0 ;
#X connect 11 0 9 2 ;

105 #X connect 12 0 11 1 ;
#X connect 13 0 9 1 ;
#X connect 14 0 8 0 ;
#X connect 14 1 13 0 ;
#X connect 14 2 11 0 ;

110 #X connect 14 3 10 0 ;
#X connect 14 4 27 0 ;
#X connect 14 5 29 0 ;
#X connect 15 0 16 0 ;
#X connect 15 1 16 1 ;

115 #X connect 16 0 9 4 ;
#X connect 17 0 18 0 ;
#X connect 18 0 19 0 ;
#X connect 19 0 9 5 ;
#X connect 20 0 6 0 ;

120 #X connect 20 1 22 0 ;
#X connect 20 1 23 0 ;
#X connect 20 2 8 1 ;
#X connect 20 2 10 1 ;
#X connect 21 0 6 1 ;

125 #X connect 22 0 21 0 ;
#X connect 23 0 11 1 ;
#X connect 24 0 25 0 ;
#X connect 27 0 28 0 ;
#X connect 28 0 15 0 ;

130 #X connect 29 0 30 0 ;
#X connect 30 0 17 0 ;
#X connect 31 0 26 0 ;
#X connect 31 1 1 0 ;
#X connect 31 2 3 0 ;

135 #X connect 31 3 5 0 ;
#X connect 31 4 32 0 ;
#X connect 32 0 25 0 ;
#X r e s t o r e 380 93 pd RANDOMIZE;
#X obj 382 61 bng 15 250 50 0 empty empty empty 17 7 0 10 −262144 −1

140 −1;
#X obj 399 122 p r in t −n ;
#X obj 35 46 de lay 1 ;
#X connect 3 0 30 0 ;
#X connect 4 0 5 0 ;

145 #X connect 5 0 7 0 ;
#X connect 7 0 10 0 ;
#X connect 7 1 8 0 ;
#X connect 7 2 6 0 ;
#X connect 7 3 9 0 ;

150 #X connect 8 0 6 0 ;
#X connect 11 0 6 0 ;
#X connect 12 0 43 0 ;
#X connect 13 0 12 0 ;
#X connect 14 0 44 0 ;

155 #X connect 15 0 14 0 ;
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#X connect 16 0 17 0 ;
#X connect 18 0 19 0 ;
#X connect 21 0 22 0 ;
#X connect 22 0 23 1 ;

160 #X connect 23 0 27 0 ;
#X connect 24 0 23 0 ;
#X connect 24 1 37 0 ;
#X connect 24 2 25 0 ;
#X connect 25 0 23 1 ;

165 #X connect 26 0 28 0 ;
#X connect 26 1 4 0 ;
#X connect 27 0 26 0 ;
#X connect 28 0 29 0 ;
#X connect 30 0 24 0 ;

170 #X connect 30 1 33 0 ;
#X connect 30 2 36 0 ;
#X connect 33 0 34 0 ;
#X connect 37 0 20 0 ;
#X connect 39 0 38 0 ;

175 #X connect 40 0 50 0 ;
#X connect 42 0 38 0 ;
#X connect 43 0 46 0 ;
#X connect 44 0 45 0 ;
#X connect 45 0 18 0 ;

180 #X connect 45 0 1 1 ;
#X connect 45 0 38 1 ;
#X connect 46 0 1 0 ;
#X connect 46 0 16 0 ;
#X connect 46 0 38 0 ;

185 #X connect 47 0 30 0 ;
#X connect 47 0 49 0 ;
#X connect 48 0 47 0 ;
#X connect 50 0 41 0 ;

37 graphgrow3/iface/deselected.png
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38 graphgrow3/iface/.gitignore

graphgrow− i f a c e
∗ . raw

39 graphgrow3/iface/graphgrow-iface.cc

#inc lude <s t d i n t . h>
#inc lude <s t d i o . h>
#inc lude <s t r i n g . h>
#inc lude <vector>

5 #inc lude <GL/glew . h>
#inc lude <GLFW/gl fw3 . h>
#inc lude <glm/glm . hpp>
#inc lude <l o / l o . h>

10 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−− d e c l a r a t i o n s −−−−−−−−−−−−−−−−−−−−−−−−−

s t r u c t v i d e o c on t r o l ;
s t r u c t aud i o con t r o l ;

15 enum graph mode
{

mode create node ,
mode delete node ,
mode move node ,

20 mode create l ink ,
mode de l e t e l ink ,
mode f l i p l i nk ,
mode targe t l ink ,
mode help

25 } ;

s t r u c t graph node ;
s t r u c t g raph l i nk ;
s t r u c t graph arrow ;

30 s t r u c t graph cord ;
s t r u c t g raph des i gne r ;

typede f bool (∗ node mouse t ) ( graph node ∗ , double , double ) ;
typede f bool (∗ l i nk mouse t ) ( g raph l i nk ∗ , double , double ) ;

35 typede f bool (∗ arrow mouse t ) ( graph arrow ∗ , double , double ) ;
typede f bool (∗ cord mouse t ) ( graph cord ∗ , double , double ) ;
typede f bool (∗ des i gne r mouse t ) ( g raph des i gne r ∗ , double , double ) ;

g r aph l i nk ∗ l ink new ( graph des i gne r ∗ des igner , graph node ∗ from , graph node ∗ to )⤦
Ç ;

40 void l i n k d e l e t e ( g raph l i nk ∗ l i n k ) ;
void l i nk l eave mode ( g raph l i nk ∗ l i n k ) ;
void l ink ente r mode ( g raph l i nk ∗ l i nk , graph mode mode) ;
void l i nk update ( g raph l i nk ∗ l i n k ) ;
graph arrow ∗arrow new ( ) ;

45 void a r row de l e t e ( graph arrow ∗arrow ) ;
void arrow leave mode ( graph arrow ∗arrow ) ;
void arrow enter mode ( graph arrow ∗arrow , graph mode mode) ;
graph cord ∗ cord new ( double x1 , double y1 , double x2 , double y2 ) ;
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void c o r d d e l e t e ( graph cord ∗ cord ) ;
50 graph node ∗node new ( graph des i gne r ∗ des igner , double x , double y , bool f i x ed ) ;

void node de l e t e ( graph node ∗node ) ;
bool node s l i nked ( graph node ∗a , graph node ∗b) ;
void node leave mode ( graph node ∗node ) ;
bool node mouse hit ( graph node ∗node , double x , double y ) ;

55 bool node mouse down new ( graph node ∗node , double x , double y ) ;
bool node mouse down delete ( graph node ∗node , double x , double y ) ;
bool node mouse down move ( graph node ∗node , double x , double y ) ;
bool node mouse down link ( graph node ∗node , double x , double y ) ;
bool node mouse up corded ( graph node ∗node , double x , double y ) ;

60 void node enter mode ( graph node ∗node , graph mode mode) ;
g raph des i gne r ∗ des igner new ( i n t id ) ;
void des igne r l eave mode ( g raph des i gne r ∗ de s i gne r ) ;
void des igner ente r mode ( g raph des i gne r ∗ des igner , graph mode mode) ;
void node move by ( graph node ∗node , double dx , double dy ) ;

65 bool designer mouse down ( graph des i gne r ∗ des igner , double x , double y ) ;
bool designer mouse down node new ( graph des i gne r ∗ des igner , double x , double y ) ;
bool des igner mouse move dragging ( g raph des i gne r ∗ des igner , double x , double y ) ;
bool des igner mouse move dragged ( g raph des i gne r ∗ des igner , double x , double y ) ;
bool des igner mouse move cord ing ( g raph des i gne r ∗ des igner , double x , double y ) ;

70 bool des igner mouse move corded ( g raph des i gne r ∗ des igner , double x , double y ) ;

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− cons tant s −−−−−−−−−−−−−−−−−−−−−−−−−−−−

const glm : : vec3 white = glm : : vec3 ( 1 . 0 f ) ;
75 const glm : : vec3 black = glm : : vec3 ( 0 . 0 f ) ;

const glm : : vec3 co l ou r s [ 4 ] =
{ glm : : vec3 ( 1 . 0 f , 0 . 5 f , 0 . 0 f )
, glm : : vec3 ( 0 . 5 f , 1 . 0 f , 0 . 0 f )
, glm : : vec3 ( 0 . 0 f , 0 . 5 f , 1 . 0 f )

80 , glm : : vec3 ( 0 . 5 f , 0 . 0 f , 1 . 0 f )
} ;

const double minimum x = 50 ;
const double minimum y = 50 ;

85 const double maximum x = 750 ;
const double maximum y = 750 ;

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− c on t r o l s −−−−−−−−−−−−−−−−−−−−−−−−−−−−−

90 s t r u c t v i d e o c on t r o l
{

i n t 3 2 t a c t i v e ;
i n t 3 2 t count [ 4 ] ;
i n t 3 2 t source [ 4 ] [ 8 ] ;

95 f l o a t s c a l e [ 4 ] [ 8 ] ;
f l o a t trans form [ 4 ] [ 8 ] [ 3 ] [ 3 ] ;

} ;

s t r u c t aud i o con t r o l
100 {

f l o a t s c a l e [ 4 ] [ 4 ] [ 8 ] ;
f l o a t pan [ 4 ] [ 4 ] [ 8 ] ;
u i n t 8 t l e v e l [ 4 ] [ 4 ] [ 8 ] ;

} ;
105
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// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− s t r u c t s −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

s t r u c t g raph l i nk
{

110 graph des i gne r ∗ de s i gne r ;
graph node ∗ from , ∗ to ;
double x1 , y1 , x2 , y2 ;
i n t t a r g e t ;
bool f l i p p ed ;

115 graph arrow ∗arrow ;
l i nk mouse t on mouse down , on mouse move , on mouse up ;

} ;

s t r u c t graph arrow
120 {

g raph l i nk ∗ l i n k ;
double x1 , y1 , x2 , y2 , x3 , y3 ;
arrow mouse t on mouse down , on mouse move , on mouse up ;

} ;
125

s t r u c t graph cord
{

double x1 , y1 , x2 , y2 ;
} ;

130

s t r u c t graph node
{

graph des i gne r ∗ de s i gne r ;
s td : : vector< g raph l i nk ∗ > l ink1 , l i nk2 ;

135 bool f i x e d ;
double x ;
double y ;
double dragx ;
double dragy ;

140 node mouse t on mouse down , on mouse move , on mouse up ;
} ;

s t r u c t g raph des i gne r
{

145 i n t id ;
graph node ∗ s t a r t node ;
graph node ∗ end node ;
graph node ∗dragging node ;
graph node ∗ cord ing node ;

150 graph cord ∗ cord ;
std : : vector< g raph l i nk ∗ > l i n k s ;
s td : : vector< graph arrow ∗ > arrows ;
std : : vector< graph node ∗ > nodes ;
de s i gner mouse t on mouse down , on mouse move , on mouse up ;

155 } ;

s t r u c t graph draw
{

i n t components ;
160 f l o a t t r i [ 4 0 9 6 ] ;

GLuint vbo t r i ;
GLuint v a o t r i ;
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GLuint vao quad ;
GLuint p r o g c i r c l e ;

165 GLuint prog arrow ;
GLuint p r o g l i n e ;
GLuint prog buttons ;
GLuint prog he lp ;
GLuint tex [ 3 ] ;

170 GLint u mode ;
} ;

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− l i n k −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

175 g raph l i nk ∗ l ink new ( graph des i gne r ∗ des igner , graph node ∗ from , graph node ∗ to )
{

g raph l i nk ∗ l i n k = new graph l i nk ( ) ;
l ink −>de s i gne r = de s i gne r ;
l ink −>from = from ;

180 l i nk −>to = to ;
l ink −>x1 = from−>x ;
l ink −>y1 = from−>y ;
l ink −>x2 = to−>x ;
l ink −>y2 = to−>y ;

185 l i nk −>t a r g e t = des igner −>id ;
l ink −>arrow = new graph arrow ( ) ;
l ink −>arrow−> l i n k = l i n k ;
from−> l i n k1 . push back ( l i n k ) ;
to−> l i n k2 . push back ( l i n k ) ;

190 des igner −> l i n k s . push back ( l i n k ) ;
des igner −>arrows . push back ( l ink −>arrow ) ;
l i nk update ( l i n k ) ;
r e turn l i n k ;

}
195

void l i n k d e l e t e ( g raph l i nk ∗ l i n k )
{

f o r ( i n t i = 0 ; i < l i nk −>from−> l i n k1 . s i z e ( ) ; )
i f ( l i n k == l ink −>from−> l i n k1 [ i ] )

200 l i nk −>from−> l i n k1 . e r a s e ( l ink −>from−> l i n k1 . begin ( ) + i ) ;
e l s e
++i ;

f o r ( i n t i = 0 ; i < l i nk −>to−> l i n k2 . s i z e ( ) ; )
i f ( l i n k == l ink −>to−> l i n k2 [ i ] )

205 l i nk −>to−> l i n k2 . e r a s e ( l ink −>to−> l i n k2 . begin ( ) + i ) ;
e l s e
++i ;

f o r ( i n t i = 0 ; i < l i nk −>des igner −> l i n k s . s i z e ( ) ; )
i f ( l i n k == l ink −>des igner −> l i n k s [ i ] )

210 l i nk −>des igner −> l i n k s . e r a s e ( l ink −>des igner −> l i n k s . begin ( ) + i ) ;
e l s e
++i ;

f o r ( i n t i = 0 ; i < l i nk −>des igner −>arrows . s i z e ( ) ; )
i f ( l ink −>arrow == l ink −>des igner −>arrows [ i ] )

215 l i nk −>des igner −>arrows . e r a s e ( l ink −>des igner −>arrows . begin ( ) + i ) ;
e l s e
++i ;

a r r ow de l e t e ( l ink −>arrow ) ;
l ink −>arrow = 0 ;
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220 l i nk −>from = 0 ;
l ink −>to = 0 ;
l ink −>de s i gne r = 0 ;
d e l e t e l i n k ;

}
225

void l ink l eave mode ( g raph l i nk ∗ l i n k )
{

( void ) l i n k ;
}

230

void l ink ente r mode ( g raph l i nk ∗ l i nk , graph mode mode)
{

( void ) l i n k ;
( void ) mode ;

235 }

void l i nk update ( g raph l i nk ∗ l i n k )
{

const double w = 30 ;
240 const double c = w ∗ −0 .5 ;

const double s = w ∗ 0 .8660254037844387 ;
double x1 = l ink −>x1 ;
double y1 = l ink −>y1 ;
double x2 = l ink −>x2 ;

245 double y2 = l ink −>y2 ;
double dx = x2 − x1 ;
double dy = y2 − y1 ;
i f ( l ink −> f l i p p e d )
{

250 dx = −dx ;
dy = −dy ;

}
double r = sq r t (dx ∗ dx + dy ∗ dy ) ;
dx /= r ;

255 dy /= r ;
double ox = ( x1 + x2 ) / 2 ;
double oy = ( y1 + y2 ) / 2 ;
l ink −>arrow−>x1 = ox + w ∗ dx ;
l ink −>arrow−>y1 = oy + w ∗ dy ;

260 l i nk −>arrow−>x2 = ox + c ∗ dx + s ∗ dy ;
l ink −>arrow−>y2 = oy − s ∗ dx + c ∗ dy ;
l ink −>arrow−>x3 = ox + c ∗ dx − s ∗ dy ;
l ink −>arrow−>y3 = oy + s ∗ dx + c ∗ dy ;

}
265

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− arrow −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

graph arrow ∗arrow new ( )
{

270 graph arrow ∗arrow = new graph arrow ( ) ;
arrow−>on mouse down = 0 ;
arrow−>on mouse move = 0 ;
arrow−>on mouse up = 0 ;
re turn arrow ;

275 }
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void a r row de l e t e ( graph arrow ∗arrow )
{

de l e t e arrow ;
280 }

void arrow leave mode ( graph arrow ∗arrow )
{

arrow−>on mouse down = 0 ;
285 arrow−>on mouse move = 0 ;

arrow−>on mouse up = 0 ;
}

bool a r row h i t ( graph arrow ∗arrow , double x , double y )
290 {

double x0 = ( arrow−>x1 + arrow−>x2 + arrow−>x3 ) / 3 ;
double y0 = ( arrow−>y1 + arrow−>y2 + arrow−>y3 ) / 3 ;
double dx = x − x0 ;
double dy = y − y0 ;

295 double r2 = dx ∗ dx + dy ∗ dy ;
re turn r2 < 500 ;

}

bool arrow mouse down delete ( graph arrow ∗arrow , double x , double y )
300 {

i f ( a r row h i t ( arrow , x , y ) )
{

l i n k d e l e t e ( arrow−> l i n k ) ;
// arrow i s de l e t ed

305 re turn true ;
}
re turn f a l s e ;

}

310 bool arrow mouse down f l ip ( graph arrow ∗arrow , double x , double y )
{

i f ( a r row h i t ( arrow , x , y ) )
{

arrow−>l i nk −> f l i p p e d = ! ( arrow−>l i nk −> f l i p p e d ) ;
315 l i nk update ( arrow−> l i n k ) ;

r e turn true ;
}
re turn f a l s e ;

}
320

bool arrow mouse down target ( graph arrow ∗arrow , double x , double y )
{

i f ( a r row h i t ( arrow , x , y ) )
{

325 arrow−>l i nk −>t a r g e t = ( arrow−>l i nk −>t a r g e t + 1) % 4 ;
l i nk update ( arrow−> l i n k ) ;
r e turn true ;

}
re turn f a l s e ;

330 }

void arrow enter mode ( graph arrow ∗arrow , graph mode mode)
{
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switch (mode)
335 {

case mode de l e t e l i nk :
arrow−>on mouse down = arrow mouse down delete ;
break ;

case mod e f l i p l i n k :
340 arrow−>on mouse down = arrow mouse down f l ip ;

break ;
case mode ta rge t l i nk :

arrow−>on mouse down = arrow mouse down target ;
break ;

345 case mode c r ea t e l i nk :
case mode create node :
case mode delete node :
case mode move node :
case mode help :

350 break ;
}

}

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− cord −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
355

graph cord ∗ cord new ( double x1 , double y1 , double x2 , double y2 )
{

graph cord ∗ cord = new graph cord ( ) ;
cord−>x1 = x1 ;

360 cord−>y1 = y1 ;
cord−>x2 = x2 ;
cord−>y2 = y2 ;
re turn cord ;

}
365

void c o r d d e l e t e ( graph cord ∗ cord )
{

de l e t e cord ;
}

370

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− node −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

graph node ∗node new ( graph des i gne r ∗ des igner , double x , double y , bool f i x ed )
{

375 graph node ∗node = new graph node ( ) ;
node−> f i x e d = f i x ed ;
node−>x = fmin ( fmax (x , minimum x) , maximum x) ;
node−>y = fmin ( fmax (y , minimum y) , maximum y) ;
node−>dragx = node−>x ;

380 node−>dragy = node−>y ;
node−>de s i gne r = de s i gne r ;
des igner −>nodes . push back ( node ) ;
r e turn node ;

}
385

void node de l e t e ( graph node ∗node )
{

graph des i gne r ∗ de s i gne r = node−>de s i gne r ;
f o r ( i n t i = 0 ; i < des igner −>nodes . s i z e ( ) ; )

390 i f ( node == des igner −>nodes [ i ] )
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des igner −>nodes . e r a s e ( des igner −>nodes . begin ( ) + i ) ;
e l s e
++i ;

whi l e ( node−> l i n k1 . s i z e ( ) )
395 l i n k d e l e t e ( node−> l i n k1 [ 0 ] ) ;

whi l e ( node−> l i n k2 . s i z e ( ) )
l i n k d e l e t e ( node−> l i n k2 [ 0 ] ) ;

node−>de s i gne r = 0 ;
d e l e t e node ;

400 }

bool node s l i nked ( graph node ∗a , graph node ∗b)
{

f o r ( i n t i = 0 ; i < a−> l i n k1 . s i z e ( ) ; ++i )
405 i f ( a−> l i n k1 [ i ]−> to == b)

return true ;
f o r ( i n t i = 0 ; i < b−> l i n k1 . s i z e ( ) ; ++i )

i f (b−> l i n k1 [ i ]−> to == a )
return true ;

410 re turn f a l s e ;
}

void node leave mode ( graph node ∗node )
{

415 node−>on mouse down = 0 ;
node−>on mouse move = 0 ;
node−>on mouse up = 0 ;

}

420 bool node mouse hit ( graph node ∗node , double x , double y )
{

double dx = x − node−>x ;
double dy = y − node−>y ;
double r2 = dx ∗ dx + dy ∗ dy ;

425 re turn r2 < 500 ;
}

bool node mouse down new ( graph node ∗node , double x , double y )
{

430 re turn node mouse hit ( node , x , y ) ;
}

bool node mouse down delete ( graph node ∗node , double x , double y )
{

435 i f ( node mouse hit ( node , x , y ) )
{

node de l e t e ( node ) ;
r e turn true ;

}
440 re turn f a l s e ;

}

bool node mouse down move ( graph node ∗node , double x , double y )
{

445 i f ( node mouse hit ( node , x , y ) )
{

node−>des igner −>dragging node = node ;
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node−>des igner −>on mouse move = des igner mouse move dragging ;
node−>des igner −>on mouse up = designer mouse move dragged ;

450 node−>dragx = fmin ( fmax (x , minimum x) , maximum x) ;
node−>dragy = fmin ( fmax (y , minimum y) , maximum y) ;
re turn true ;

}
re turn f a l s e ;

455 }

bool node mouse down link ( graph node ∗node , double x , double y )
{

i f ( node mouse hit ( node , x , y ) && node−>des igner −> l i n k s . s i z e ( ) < 8)
460 {

node−>des igner −>cord ing node = node ;
node−>des igner −>cord = cord new ( node−>x , node−>y , x , y ) ;
f o r ( i n t i = 0 ; i < node−>des igner −>nodes . s i z e ( ) ; ++i )

i f ( node != node−>des igner −>nodes [ i ] && ! node s l i nked ( node , node−>⤦
Ç des igner −>nodes [ i ] ) )

465 node−>des igner −>nodes [ i ]−>on mouse up = node mouse up corded ;
node−>des igner −>on mouse move = des igner mouse move cord ing ;
node−>des igner −>on mouse up = des igner mouse move corded ;
re turn true ;

}
470 re turn f a l s e ;

}

bool node mouse up corded ( graph node ∗node , double x , double y )
{

475 i f ( node mouse hit ( node , x , y ) )
{

l ink new ( node−>des igner , node−>des igner −>cording node , node ) ;
node−>des igner −>cord ing node = 0 ;
d e l e t e node−>des igner −>cord ;

480 node−>des igner −>cord = 0 ;
f o r ( i n t i = 0 ; i < node−>des igner −>nodes . s i z e ( ) ; ++i )

node−>des igner −>nodes [ i ]−>on mouse up = 0 ;
node−>des igner −>on mouse move = 0 ;
node−>des igner −>on mouse up = 0 ;

485 re turn true ;
}
re turn f a l s e ;

}

490 void node enter mode ( graph node ∗node , graph mode mode)
{

switch (mode)
{

case mode create node :
495 node−>on mouse down = node mouse down new ;

break ;
case mode delete node :

i f ( ! node−> f i x e d )
node−>on mouse down = node mouse down delete ;

500 break ;
case mode move node :

i f ( ! node−> f i x e d )
node−>on mouse down = node mouse down move ;
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break ;
505 case mode c r ea t e l i nk :

node−>on mouse down = node mouse down link ;
break ;

case mode de l e t e l i nk :
case mod e f l i p l i n k :

510 case mode ta rge t l i nk :
case mode help :

break ;
}

}
515

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− de s i gne r −−−−−−−−−−−−−−−−−−−−−−−−−−−−−

graph des i gne r ∗ des igner new ( i n t id )
{

520 graph des i gne r ∗ de s i gne r = new graph des i gne r ( ) ;
des igner −>id = id ;
des igner −>s t a r t node = node new ( des igner , 100 , 400 , t rue ) ;
des igner −>end node = node new ( des igner , 700 , 400 , t rue ) ;
des igner −>dragging node = 0 ;

525 des igner −>cord ing node = 0 ;
des igner −>on mouse down = 0 ;
des igner −>on mouse move = 0 ;
des igner −>on mouse up = 0 ;
re turn de s i gne r ;

530 }

void des igne r l eave mode ( g raph des i gne r ∗ de s i gne r )
{

f o r ( i n t i = 0 ; i < des igner −> l i n k s . s i z e ( ) ; ++i )
535 l i nk l eave mode ( des igner −> l i n k s [ i ] ) ;

f o r ( i n t i = 0 ; i < des igner −>arrows . s i z e ( ) ; ++i )
arrow leave mode ( des igner −>arrows [ i ] ) ;

f o r ( i n t i = 0 ; i < des igner −>nodes . s i z e ( ) ; ++i )
node leave mode ( des igner −>nodes [ i ] ) ;

540 des igner −>on mouse down = 0 ;
des igner −>on mouse move = 0 ;
des igner −>on mouse up = 0 ;

}

545 void des igner ente r mode ( g raph des i gne r ∗ des igner , graph mode mode)
{

f o r ( i n t i = 0 ; i < des igner −> l i n k s . s i z e ( ) ; ++i )
l ink ente r mode ( des igner −> l i n k s [ i ] , mode) ;

f o r ( i n t i = 0 ; i < des igner −>arrows . s i z e ( ) ; ++i )
550 arrow enter mode ( des igner −>arrows [ i ] , mode) ;

f o r ( i n t i = 0 ; i < des igner −>nodes . s i z e ( ) ; ++i )
node enter mode ( des igner −>nodes [ i ] , mode) ;

switch (mode)
{

555 case mode create node :
des igner −>on mouse down = designer mouse down node new ;
break ;

case mode delete node :
case mode move node :

560 case mode c r ea t e l i nk :
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case mode de l e t e l i nk :
case mod e f l i p l i n k :
case mode ta rge t l i nk :
case mode help :

565 break ;
}

}

void node move by ( graph node ∗node , double dx , double dy )
570 {

f o r ( i n t i = 0 ; i < node−> l i n k2 . s i z e ( ) ; ++i )
{

node−> l i n k2 [ i ]−>x2 = fmin ( fmax ( node−> l i n k2 [ i ]−>x2 + dx , minimum x) , ⤦
Ç maximum x) ;

node−> l i n k2 [ i ]−>y2 = fmin ( fmax ( node−> l i n k2 [ i ]−>y2 + dy , minimum y) , ⤦
Ç maximum y) ;

575 l i nk update ( node−> l i n k2 [ i ] ) ;
}
f o r ( i n t i = 0 ; i < node−> l i n k1 . s i z e ( ) ; ++i )
{

node−> l i n k1 [ i ]−>x1 = fmin ( fmax ( node−> l i n k1 [ i ]−>x1 + dx , minimum x) , ⤦
Ç maximum x) ;

580 node−> l i n k1 [ i ]−>y1 = fmin ( fmax ( node−> l i n k1 [ i ]−>y1 + dy , minimum y) , ⤦
Ç maximum y) ;

l i nk update ( node−> l i n k1 [ i ] ) ;
}
node−>x = fmin ( fmax ( node−>x + dx , minimum x) , maximum x) ;
node−>y = fmin ( fmax ( node−>y + dy , minimum y) , maximum y) ;

585 }

bool designer mouse down ( graph des i gne r ∗ des igner , double x , double y )
{

f o r ( i n t i = 0 ; i < des igner −>nodes . s i z e ( ) ; ++i )
590 i f ( des igner −>nodes [ i ]−>on mouse down )

i f ( des igner −>nodes [ i ]−>on mouse down ( des igner −>nodes [ i ] , x , y ) )
re turn true ;

f o r ( i n t i = 0 ; i < des igner −>arrows . s i z e ( ) ; ++i )
i f ( des igner −>arrows [ i ]−>on mouse down )

595 i f ( des igner −>arrows [ i ]−>on mouse down ( des igner −>arrows [ i ] , x , y ) )
re turn true ;

i f ( des igner −>on mouse down )
return des igner −>on mouse down ( des igner , x , y ) ;

r e turn f a l s e ;
600 }

bool designer mouse move ( g raph des i gne r ∗ des igner , double x , double y )
{

f o r ( i n t i = 0 ; i < des igner −>nodes . s i z e ( ) ; ++i )
605 i f ( des igner −>nodes [ i ]−>on mouse move )

i f ( des igner −>nodes [ i ]−>on mouse move ( des igner −>nodes [ i ] , x , y ) )
re turn true ;

i f ( des igner −>on mouse move )
re turn des igner −>on mouse move ( des igner , x , y ) ;

610 re turn f a l s e ;
}

bool des igner mouse up ( g raph des i gne r ∗ des igner , double x , double y )
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{
615 f o r ( i n t i = 0 ; i < des igner −>nodes . s i z e ( ) ; ++i )

i f ( des igner −>nodes [ i ]−>on mouse up )
i f ( des igner −>nodes [ i ]−>on mouse up ( des igner −>nodes [ i ] , x , y ) )

re turn true ;
i f ( des igner −>on mouse up )

620 re turn des igner −>on mouse up ( des igner , x , y ) ;
r e turn f a l s e ;

}

bool designer mouse down node new ( graph des i gne r ∗ des igner , double x , double y )
625 {

i f (minimum x <= x && x <= maximum x && minimum y <= y && y <= maximum y && ⤦
Ç des igner −>nodes . s i z e ( ) < 18)

{
graph node ∗node = node new ( des igner , x , y , f a l s e ) ;
node enter mode ( node , mode create node ) ;

630 }
re turn true ;

}

bool des igner mouse move dragging ( g raph des i gne r ∗ des igner , double x , double y )
635 {

double dx = fmin ( fmax (x , minimum x) , maximum x) − des igner −>dragging node−>⤦
Ç dragx ;

double dy = fmin ( fmax (y , minimum y) , maximum y) − des igner −>dragging node−>⤦
Ç dragy ;

des igner −>dragging node−>dragx = fmin ( fmax (x , minimum x) , maximum x) ;
des igner −>dragging node−>dragy = fmin ( fmax (y , minimum y) , maximum y) ;

640 node move by ( des igner −>dragging node , dx , dy ) ;
r e turn true ;

}

bool des igner mouse move dragged ( g raph des i gne r ∗ des igner , double x , double y )
645 {

des igner mouse move dragging ( des igner , x , y ) ;
des igner −>on mouse move = 0 ;
des igner −>on mouse up = 0 ;
des igner −>dragging node = 0 ;

650 re turn true ;
}

bool des igner mouse move cord ing ( g raph des i gne r ∗ des igner , double x , double y )
{

655 des igner −>cord−>x2 = fmin ( fmax (x , minimum x) , maximum x) ;
des igner −>cord−>y2 = fmin ( fmax (y , minimum y) , maximum y) ;
re turn true ;

}

660 bool des igner mouse move corded ( g raph des i gne r ∗ des igner , double x , double y )
{

f o r ( i n t i = 0 ; i < des igner −>nodes . s i z e ( ) ; ++i )
des igner −>nodes [ i ]−>on mouse up = 0 ;

des igner −>on mouse move = 0 ;
665 des igner −>on mouse up = 0 ;

des igner −>cord ing node = 0 ;
d e l e t e des igner −>cord ;
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des igner −>cord = 0 ;
re turn true ;

670 ( void ) x ;
( void ) y ;

}

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− drawing −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
675

i n t draw enqueue t r i ang l e ( graph draw ∗draw , i n t k , double x1 , double y1 , double ⤦
Ç x2 , double y2 , double x3 , double y3 , glm : : vec3 co l ou r )

{
draw−> t r i [ k++] = x1 ;
draw−> t r i [ k++] = y1 ;

680 draw−> t r i [ k++] = 1 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = co lour [ 0 ] ;
draw−> t r i [ k++] = co lour [ 1 ] ;

685 draw−> t r i [ k++] = co lour [ 2 ] ;
draw−> t r i [ k++] = x2 ;
draw−> t r i [ k++] = y2 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = 1 ;

690 draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = co lour [ 0 ] ;
draw−> t r i [ k++] = co lour [ 1 ] ;
draw−> t r i [ k++] = co lour [ 2 ] ;
draw−> t r i [ k++] = x3 ;

695 draw−> t r i [ k++] = y3 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = 1 ;
draw−> t r i [ k++] = co lour [ 0 ] ;

700 draw−> t r i [ k++] = co lour [ 1 ] ;
draw−> t r i [ k++] = co lour [ 2 ] ;
r e turn k ;

}

705

i n t draw enqueue quad ( graph draw ∗draw , i n t k , double x1 , double y1 , double x2 , ⤦
Ç double y2 , double x3 , double y3 , double x4 , double y4 , glm : : vec3 co l ou r )

{
draw−> t r i [ k++] = x1 ;
draw−> t r i [ k++] = y1 ;

710 draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = co lour [ 0 ] ;
draw−> t r i [ k++] = co lour [ 1 ] ;
draw−> t r i [ k++] = co lour [ 2 ] ;

715 draw−> t r i [ k++] = x2 ;
draw−> t r i [ k++] = y2 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = 1 ;
draw−> t r i [ k++] = co lour [ 0 ] ;

720 draw−> t r i [ k++] = co lour [ 1 ] ;
draw−> t r i [ k++] = co lour [ 2 ] ;
draw−> t r i [ k++] = x3 ;
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draw−> t r i [ k++] = y3 ;
draw−> t r i [ k++] = 1 ;

725 draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = co lour [ 0 ] ;
draw−> t r i [ k++] = co lour [ 1 ] ;
draw−> t r i [ k++] = co lour [ 2 ] ;
draw−> t r i [ k++] = x3 ;

730 draw−> t r i [ k++] = y3 ;
draw−> t r i [ k++] = 1 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = co lour [ 0 ] ;
draw−> t r i [ k++] = co lour [ 1 ] ;

735 draw−> t r i [ k++] = co lour [ 2 ] ;
draw−> t r i [ k++] = x2 ;
draw−> t r i [ k++] = y2 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = 1 ;

740 draw−> t r i [ k++] = co lour [ 0 ] ;
draw−> t r i [ k++] = co lour [ 1 ] ;
draw−> t r i [ k++] = co lour [ 2 ] ;
draw−> t r i [ k++] = x4 ;
draw−> t r i [ k++] = y4 ;

745 draw−> t r i [ k++] = 1 ;
draw−> t r i [ k++] = 1 ;
draw−> t r i [ k++] = co lour [ 0 ] ;
draw−> t r i [ k++] = co lour [ 1 ] ;
draw−> t r i [ k++] = co lour [ 2 ] ;

750 re turn k ;
}

i n t draw enqueue l ine ( graph draw ∗draw , i n t k , double x1 , double y1 , double x2 , ⤦
Ç double y2 , double w, glm : : vec3 co l ou r )

755 {
double dx = x2 − x1 ;
double dy = y2 − y1 ;
double r = sq r t ( dx ∗ dx + dy ∗ dy ) ;
dx /= r ;

760 dy /= r ;
k = draw enqueue quad (draw , k , x1 − w ∗ dy , y1 + w ∗ dx , x2 − w ∗ dy , y2 + w ∗⤦

Ç dx , x1 + w ∗ dy , y1 − w ∗ dx , x2 + w ∗ dy , y2 − w ∗ dx , co l ou r ) ;
r e turn k ;

}

765 i n t d raw enqueue c i r c l e ( graph draw ∗draw , i n t k , double x , double y , double w, ⤦
Ç glm : : vec3 co l ou r )

{
k = draw enqueue quad (draw , k , x − w, y − w, x + w, y − w, x − w, y + w, x + w⤦

Ç , y + w, co l our ) ;
r e turn k ;

}
770

void draw des igner ( graph draw ∗draw , g raph des i gne r ∗ des igner , bool i s a c t i v e , ⤦
Ç bool b ig )

{
glm : : vec3 bg = glm : : mix ( c o l ou r s [ des igner −>id ] , black , 0 .75 f ) ;
i f ( ! i s a c t i v e )
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775 bg = glm : : mix (bg , black , 0 . 5 f ) ;
g lC l ea rCo lo r ( bg [ 0 ] , bg [ 1 ] , bg [ 2 ] , 0) ;
g lC l ea r (GL COLOR BUFFER BIT) ;
i n t k = 0 ;
f o r ( i n t i = 0 ; i < des igner −> l i n k s . s i z e ( ) && k <= draw−>components − 7 ∗ 6 ; ⤦

Ç ++i )
780 {

double w = big ? 8 : 16 ;
double x1 = des igner −> l i n k s [ i ]−>x1 ;
double y1 = des igner −> l i n k s [ i ]−>y1 ;
double x2 = des igner −> l i n k s [ i ]−>x2 ;

785 double y2 = des igner −> l i n k s [ i ]−>y2 ;
glm : : vec3 co l ou r = co l ou r s [ des igner −> l i n k s [ i ]−> t a r g e t ] ;
k = draw enqueue l ine (draw , k , x1 , y1 , x2 , y2 , w, co l ou r ) ;

}
i f ( des igner −>cord )

790 {
double w = big ? 8 : 16 ;
double x1 = des igner −>cord−>x1 ;
double y1 = des igner −>cord−>y1 ;
double x2 = des igner −>cord−>x2 ;

795 double y2 = des igner −>cord−>y2 ;
k = draw enqueue l ine (draw , k , x1 , y1 , x2 , y2 , w, c o l ou r s [ des igner −>id ] ) ;

}
glBufferSubData (GL ARRAY BUFFER, 0 , k ∗ s i z e o f ( f l o a t ) , &draw−> t r i [ 0 ] ) ;
glBindVertexArray (draw−>vao quad ) ;

800 glUseProgram (draw−>p r o g l i n e ) ;
glDrawArrays (GL TRIANGLES, 0 , k / 7) ;
k = 0 ;
f o r ( i n t i = 0 ; i < des igner −>arrows . s i z e ( ) && k < draw−>components − 8 ∗ 3 ; ⤦

Ç ++i )
{

805 double x1 = des igner −>arrows [ i ]−>x1 ;
double y1 = des igner −>arrows [ i ]−>y1 ;
double x2 = des igner −>arrows [ i ]−>x2 ;
double y2 = des igner −>arrows [ i ]−>y2 ;
double x3 = des igner −>arrows [ i ]−>x3 ;

810 double y3 = des igner −>arrows [ i ]−>y3 ;
glm : : vec3 co l ou r = co l ou r s [ des igner −>arrows [ i ]−> l i nk −>t a r g e t ] ;
k = draw enqueue t r i ang l e ( draw , k , x1 , y1 , x2 , y2 , x3 , y3 , co l our ) ;

}
glBufferSubData (GL ARRAY BUFFER, 0 , k ∗ s i z e o f ( f l o a t ) , &draw−> t r i [ 0 ] ) ;

815 glBindVertexArray (draw−>v a o t r i ) ;
glUseProgram (draw−>prog arrow ) ;
glDrawArrays (GL TRIANGLES, 0 , k / 8) ;
k = 0 ;
f o r ( i n t i = 0 ; i < des igner −>nodes . s i z e ( ) && k <= draw−>components − 7 ∗ 6 ; ⤦

Ç ++i )
820 {

const double w = 20 ;
double x = des igner −>nodes [ i ]−>x ;
double y = des igner −>nodes [ i ]−>y ;
glm : : vec3 co l ou r = co l ou r s [ des igner −>nodes [ i ]−>des igner −>id ] ;

825 i f ( des igner −>nodes [ i ]−> f i x e d )
co l our = white ;

k = draw enqueue c i r c l e ( draw , k , x , y , w, co l ou r ) ;
}
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glBufferSubData (GL ARRAY BUFFER, 0 , k ∗ s i z e o f ( f l o a t ) , &draw−> t r i [ 0 ] ) ;
830 glBindVertexArray (draw−>vao quad ) ;

glUseProgram (draw−>p r o g c i r c l e ) ;
glDrawArrays (GL TRIANGLES, 0 , k / 7) ;

}

835 void draw buttons ( graph draw ∗draw , glm : : vec3 co lour , graph mode mode)
{

glm : : vec3 bg = glm : : mix ( co lour , black , 0 .75 f ) ;
g lC l ea rCo lo r ( bg [ 0 ] , bg [ 1 ] , bg [ 2 ] , 0) ;
g lC l ea r (GL COLOR BUFFER BIT) ;

840 i n t k = 0 ;
k = draw enqueue quad (draw , k , −1 , −1 , 1 , −1 , −1 , 1 , 1 , 1 , co l ou r ) ;
g lBufferSubData (GL ARRAY BUFFER, 0 , k ∗ s i z e o f ( f l o a t ) , &draw−> t r i [ 0 ] ) ;
glBindVertexArray (draw−>vao quad ) ;
glUseProgram (draw−>prog buttons ) ;

845 g lUni form1i ( draw−>u mode , mode) ;
glDrawArrays (GL TRIANGLES, 0 , k / 7) ;

}

void draw help ( graph draw ∗draw , glm : : vec3 co l our )
850 {

glm : : vec3 bg = glm : : mix ( co lour , black , 0 .75 f ) ;
g lC l ea rCo lo r ( bg [ 0 ] , bg [ 1 ] , bg [ 2 ] , 0) ;
g lC l ea r (GL COLOR BUFFER BIT) ;
i n t k = 0 ;

855 k = draw enqueue quad (draw , k , −1 , −1 , 1 , −1 , −1 , 1 , 1 , 1 , co l ou r ) ;
g lBufferSubData (GL ARRAY BUFFER, 0 , k ∗ s i z e o f ( f l o a t ) , &draw−> t r i [ 0 ] ) ;
glBindVertexArray (draw−>vao quad ) ;
glUseProgram (draw−>prog he lp ) ;
glDrawArrays (GL TRIANGLES, 0 , k / 7) ;

860 }

void debug program (GLuint program ) {
GLint s t a tu s = 0 ;
glGetProgramiv ( program , GL LINK STATUS, &s ta tu s ) ;

865 GLint l ength = 0 ;
glGetProgramiv ( program , GL INFO LOG LENGTH, &length ) ;
char ∗ i n f o = 0 ;
i f ( l ength ) {

i n f o = ( char ∗) mal loc ( l ength + 1) ;
870 i n f o [ 0 ] = 0 ;

glGetProgramInfoLog ( program , length , 0 , i n f o ) ;
i n f o [ l ength ] = 0 ;

}
i f ( ( i n f o && in f o [ 0 ] ) | | ! s t a tu s ) {

875 f p r i n t f ( s tde r r , ”program l i n k i n f o :\n%s ” , i n f o ? i n f o : ”( no i n f o l og ) ”) ;
}
i f ( i n f o ) {

f r e e ( i n f o ) ;
}

880 }

void debug shader (GLuint shader , GLenum type , const char ∗ source ) {
GLint s t a tu s = 0 ;
g lGetShader iv ( shader , GL COMPILE STATUS, &s ta tu s ) ;

885 GLint l ength = 0 ;
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glGetShader iv ( shader , GL INFO LOG LENGTH, &length ) ;
char ∗ i n f o = 0 ;
i f ( l ength ) {

i n f o = ( char ∗) mal loc ( l ength + 1) ;
890 i n f o [ 0 ] = 0 ;

glGetShaderInfoLog ( shader , length , 0 , i n f o ) ;
i n f o [ l ength ] = 0 ;

}
i f ( ( i n f o && in f o [ 0 ] ) | | ! s t a tu s ) {

895 const char ∗ t yp e s t r = ”unknown ” ;
switch ( type ) {

case GL VERTEX SHADER: t yp e s t r = ” ver tex ” ; break ;
case GL FRAGMENT SHADER: t yp e s t r = ” fragment ” ; break ;
case GL COMPUTE SHADER: t yp e s t r = ”compute ” ; break ;

900 }
f p r i n t f ( s tde r r , ”%s shader compi le i n f o :\n%s \nshader source :\n%s ” , type s t r ,⤦

Ç i n f o ? i n f o : ”( no i n f o l og ) ” , source ? source : ”( no source ) ”) ;
}
i f ( i n f o ) {

f r e e ( i n f o ) ;
905 }

}

GLuint ve r t ex f ragment shader ( const char ∗vert , const char ∗ f r a g ) {
GLuint program = glCreateProgram ( ) ;

910 {
GLuint shader = glCreateShader (GL VERTEX SHADER) ;
g lShaderSource ( shader , 1 , &vert , 0) ;
glCompileShader ( shader ) ;
debug shader ( shader , GL VERTEX SHADER, ver t ) ;

915 glAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

}
{

GLuint shader = glCreateShader (GL FRAGMENT SHADER) ;
920 glShaderSource ( shader , 1 , &frag , 0) ;

glCompileShader ( shader ) ;
debug shader ( shader , GL FRAGMENT SHADER, f r ag ) ;
g lAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

925 }
glLinkProgram ( program ) ;
debug program ( program ) ;
re turn program ;

}
930

const char ∗ d r aw c i r c l e v e r t =
”#ve r s i on 330 core \n”
” layout ( l o c a t i o n = 0) in vec2 pos ;\n”
” layout ( l o c a t i o n = 1) in vec2 tcd ;\n”

935 ” layout ( l o c a t i o n = 2) in vec3 c l r ;\n”
”out vec2 v texcoord ;\n”
”out vec3 v co l ou r ;\n”
” void main ( ) {\n”
” g l P o s i t i o n = vec4 ( 2 . 0 /800 . 0 ∗ pos − vec2 ( 1 . 0 , 1 . 0 ) , 0 . 0 , 1 . 0 ) ;\n”

940 ” v texcoord = tcd ∗ 2 .0 − vec2 ( 1 . 0 , 1 . 0 ) ;\n”
” v co l ou r = c l r ;\n”
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”}\n”
;

945 const char ∗ d r aw c i r c l e f r a g =
”#ve r s i on 330 core \n”
” in vec2 v texcoord ;\n”
” in vec3 v co l ou r ;\n”
”out vec4 co l our ;\n”

950 ” void main ( ) {\n”
” f l o a t r = length ( v texcoord ) ;\n”
” f l o a t d = mix ( l ength (dFdx( v texcoord ) ) , l ength (dFdy( v texcoord ) ) , 0 . 5 ) ;\n”
” co l our = vec4 ( v co l ou r ∗ ( smoothstep ( 0 . 2 , 0 . 2 + d , r ) − smoothstep ( 0 . 8 − d , ⤦

Ç 0 . 8 , r ) ) , 1 . 0 − smoothstep ( 1 . 0 − d , 1 . 0 , r ) ) ;\n”
”}\n”

955 ;

const char ∗draw arrow vert =
”#ve r s i on 330 core \n”
” layout ( l o c a t i o n = 0) in vec2 pos ;\n”

960 ” layout ( l o c a t i o n = 1) in vec3 tcd ;\n”
” layout ( l o c a t i o n = 2) in vec3 c l r ;\n”
”out vec3 v texcoord ;\n”
”out vec3 v co l ou r ;\n”
” void main ( ) {\n”

965 ” g l P o s i t i o n = vec4 ( 2 . 0 /800 . 0 ∗ pos − vec2 ( 1 . 0 , 1 . 0 ) , 0 . 0 , 1 . 0 ) ;\n”
” v texcoord = tcd ;\n”
” v co l ou r = c l r ;\n”
”}\n”
;

970

const char ∗ draw arrow frag =
”#ve r s i on 330 core \n”
” in vec3 v texcoord ;\n”
” in vec3 v co l ou r ;\n”

975 ”out vec4 co l our ;\n”
” void main ( ) {\n”
” vec3 w = fwidth ( v texcoord ) ;\n”
” vec3 a = smoothstep ( vec3 ( 0 . 1 ) , vec3 ( 0 . 1 ) + w, v texcoord ) ;\n”
” vec3 b = smoothstep ( vec3 ( 0 . 0 ) , vec3 ( 0 . 0 ) + w, v texcoord ) ;\n”

980 ” f l o a t e1 = max(min (min ( a . x , a . y ) , a . z ) , 1 . 0 − smoothstep ( 0 . 0 5 , 0 .05 + length (⤦
Ç w) , abs ( v texcoord . y − v texcoord . z ) ) ) ;\n”

” f l o a t e2 = min (min (b . x , b . y ) , b . z ) ;\n”
” co l our = vec4 ( v co l ou r ∗ e1 , e2 ) ;\n”
”}\n”
;

985

const char ∗ d r aw l i n e v e r t =
”#ve r s i on 330 core \n”
” layout ( l o c a t i o n = 0) in vec2 pos ;\n”
” layout ( l o c a t i o n = 1) in vec2 tcd ;\n”

990 ” layout ( l o c a t i o n = 2) in vec3 c l r ;\n”
”out vec2 v texcoord ;\n”
”out vec3 v co l ou r ;\n”
” void main ( ) {\n”
” g l P o s i t i o n = vec4 ( 2 . 0 /800 . 0 ∗ pos − vec2 ( 1 . 0 , 1 . 0 ) , 0 . 0 , 1 . 0 ) ;\n”

995 ” v texcoord = tcd ∗ 2 .0 − vec2 ( 1 . 0 , 1 . 0 ) ;\n”
” v co l ou r = c l r ;\n”
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”}\n”
;

1000 const char ∗ d r aw l i n e f r a g =
”#ve r s i on 330 core \n”
” in vec2 v texcoord ;\n”
” in vec3 v co l ou r ;\n”
”out vec4 co l our ;\n”

1005 ” void main ( ) {\n”
” f l o a t r = abs ( v texcoord . x ) ;\n”
” f l o a t d = abs (dFdx( v texcoord . x ) ) + abs (dFdy( v texcoord . x ) ) ;\n”
” co l our = vec4 ( v co l ou r ∗ ( 1 . 0 − smoothstep (0 . 333 − d , 0 . 333 , r ) ) , 1 . 0 − ⤦

Ç smoothstep ( 1 . 0 − d , 1 . 0 , r ) ) ;\n”
”}\n”

1010 ;

const char ∗ draw buttons ver t =
”#ve r s i on 330 core \n”
” layout ( l o c a t i o n = 0) in vec2 pos ;\n”

1015 ” layout ( l o c a t i o n = 1) in vec2 tcd ;\n”
” layout ( l o c a t i o n = 2) in vec3 c l r ;\n”
”out vec2 v texcoord ;\n”
”out vec3 v co l ou r ;\n”
” void main ( ) {\n”

1020 ” g l P o s i t i o n = vec4 ( pos , 0 . 0 , 1 . 0 ) ;\n”
” v texcoord = vec2 ( tcd . y , 1 . 0 − tcd . x ) ;\n”
” v co l ou r = c l r ;\n”
”}\n”
;

1025

const char ∗ draw buttons f rag =
”#ve r s i on 330 core \n”
”uniform sampler2D s e l e c t e d ;\n”
”uniform sampler2D de s e l e c t ed ;\n”

1030 ”uniform in t mode ;\n”
” in vec2 v texcoord ;\n”
” in vec3 v co l ou r ;\n”
”out vec4 co l our ;\n”
” void main ( ) {\n”

1035 ” i n t me = in t ( f l o o r ( v texcoord . y ∗ 8 . 0 ) ) ;\n”
” f l o a t a = me == mode ? tex ture ( s e l e c t ed , v texcoord ) . r : t ex ture ( de s e l e c t ed , ⤦

Ç v texcoord ) . r ;\n”
” co l our = vec4 ( v co lour , a ) ;\n”
”}\n”
;

1040

const char ∗ draw he lp ver t =
”#ve r s i on 330 core \n”
” layout ( l o c a t i o n = 0) in vec2 pos ;\n”
” layout ( l o c a t i o n = 1) in vec2 tcd ;\n”

1045 ” layout ( l o c a t i o n = 2) in vec3 c l r ;\n”
”out vec2 v texcoord ;\n”
”out vec3 v co l ou r ;\n”
” void main ( ) {\n”
” g l P o s i t i o n = vec4 ( pos , 0 . 0 , 1 . 0 ) ;\n”

1050 ” v texcoord = vec2 ( tcd . y , 1 . 0 − tcd . x ) ;\n”
” v co l ou r = c l r ;\n”
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”}\n”
;

1055 const char ∗ draw he lp f rag =
”#ve r s i on 330 core \n”
”uniform sampler2D help ;\n”
” in vec2 v texcoord ;\n”
” in vec3 v co l ou r ;\n”

1060 ”out vec4 co l our ;\n”
” void main ( ) {\n”
” f l o a t a = texture ( help , v texcoord ) . r ;\n”
” co l our = vec4 ( v co lour , a ) ;\n”
”}\n”

1065 ;

unsigned char ∗ r e a d f i l e ( const char ∗name) {
FILE ∗ f = fopen (name , ” rb ”) ;
f s e e k ( f , 0 , SEEK END) ;

1070 long l en = f t e l l ( f ) ;
f s e e k ( f , 0 , SEEK SET) ;
unsigned char ∗p = ( unsigned char ∗) mal loc ( l en ) ;
f r ead (p , len , 1 , f ) ;
f c l o s e ( f ) ;

1075 re turn p ;
}

graph draw ∗draw new ( )
{

1080 graph draw ∗draw = new graph draw ( ) ;
draw−>components = 4096 ;
g lGenBuf fers (1 , &draw−>vbo t r i ) ;
g lB indBuf f e r (GL ARRAY BUFFER, draw−>vbo t r i ) ;
g lBuf fe rData (GL ARRAY BUFFER, draw−>components ∗ s i z e o f ( GLfloat ) , 0 , ⤦

Ç GLDYNAMICDRAW) ;
1085 glGenVertexArrays (1 , &draw−>v a o t r i ) ;

glBindVertexArray (draw−>v a o t r i ) ;
g lVer t exAtt r ibPo in te r (0 , 2 , GL FLOAT, GL FALSE, 8 ∗ s i z e o f ( GLfloat ) , 0) ;
g lVer t exAtt r ibPo in te r (1 , 3 , GL FLOAT, GL FALSE, 8 ∗ s i z e o f ( GLfloat ) , ( ( char ∗)⤦

Ç 0) + 2 ∗ s i z e o f ( GLfloat ) ) ;
g lVer t exAtt r ibPo in te r (2 , 3 , GL FLOAT, GL FALSE, 8 ∗ s i z e o f ( GLfloat ) , ( ( char ∗)⤦

Ç 0) + 5 ∗ s i z e o f ( GLfloat ) ) ;
1090 glEnableVertexAttr ibArray (0 ) ;

g lEnableVertexAttr ibArray (1 ) ;
g lEnableVertexAttr ibArray (2 ) ;
glGenVertexArrays (1 , &draw−>vao quad ) ;
glBindVertexArray (draw−>vao quad ) ;

1095 g lVer t exAtt r ibPo in te r (0 , 2 , GL FLOAT, GL FALSE, 7 ∗ s i z e o f ( GLfloat ) , 0) ;
g lVer t exAtt r ibPo in te r (1 , 2 , GL FLOAT, GL FALSE, 7 ∗ s i z e o f ( GLfloat ) , ( ( char ∗)⤦

Ç 0) + 2 ∗ s i z e o f ( GLfloat ) ) ;
g lVer t exAtt r ibPo in te r (2 , 3 , GL FLOAT, GL FALSE, 7 ∗ s i z e o f ( GLfloat ) , ( ( char ∗)⤦

Ç 0) + 4 ∗ s i z e o f ( GLfloat ) ) ;
g lEnableVertexAttr ibArray (0 ) ;
g lEnableVertexAttr ibArray (1 ) ;

1100 glEnableVertexAttr ibArray (2 ) ;
glGenTextures (3 , &draw−>tex [ 0 ] ) ;
unsigned char ∗g ;
g lAct iveTexture (GL TEXTURE0 + 1) ;
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glBindTexture (GL TEXTURE 2D, draw−>tex [ 0 ] ) ;
1105 g = r e a d f i l e (” d e s e l e c t ed . raw”) ;

glTexImage2D (GL TEXTURE 2D, 0 , GL RED, 240 , 800 , 0 , GL RED, GL UNSIGNED BYTE, ⤦
Ç g ) ;

f r e e ( g ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;

1110 g lAct iveTexture (GL TEXTURE0 + 2) ;
glBindTexture (GL TEXTURE 2D, draw−>tex [ 1 ] ) ;
g = r e a d f i l e (” s e l e c t e d . raw”) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RED, 240 , 800 , 0 , GL RED, GL UNSIGNED BYTE, ⤦

Ç g ) ;
f r e e ( g ) ;

1115 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
g lAct iveTexture (GL TEXTURE0 + 0) ;
glBindTexture (GL TEXTURE 2D, draw−>tex [ 2 ] ) ;
g = r e a d f i l e (” he lp . raw”) ;

1120 glTexImage2D (GL TEXTURE 2D, 0 , GL RED, 800 , 800 , 0 , GL RED, GL UNSIGNED BYTE, ⤦
Ç g ) ;

f r e e ( g ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
draw−>p r o g c i r c l e = ver t ex f ragment shader ( d r aw c i r c l e v e r t , ⤦

Ç d r aw c i r c l e f r a g ) ;
1125 draw−>prog arrow = ver tex f ragment shader ( draw arrow vert , draw arrow frag⤦

Ç ) ;
draw−>p r o g l i n e = ver t ex f ragment shader ( d raw l i n e ve r t , d r aw l i n e f r a g )⤦

Ç ;
draw−>prog buttons = ver t ex f ragment shader ( draw buttons vert , ⤦

Ç draw buttons f rag ) ;
draw−>prog he lp = ver tex f ragment shader ( draw he lp vert , d raw he lp f rag )⤦

Ç ;
glUseProgram (draw−>prog buttons ) ;

1130 g lUni form1i ( glGetUniformLocation (draw−>prog buttons , ” d e s e l e c t ed ”) , 1) ;
g lUni form1i ( glGetUniformLocation (draw−>prog buttons , ” s e l e c t e d ”) , 2) ;
draw−>u mode = glGetUniformLocation (draw−>prog buttons , ”mode”) ;
glUseProgram (0) ;
g lD i s ab l e (GL DEPTH TEST) ;

1135 glEnable (GL SCISSOR TEST) ;
g lEnable (GL BLEND) ;
glBlendFunc (GL SRC ALPHA, GL ONE MINUS SRC ALPHA) ;
re turn draw ;

}
1140

s t r u c t {
graph mode current mode ;
i n t a c t i v e ;
g raph des i gne r ∗ de s i gne r [ 4 ] ;

1145 graph draw ∗draw ;
double x , y ;

} S ;

void keycb (GLFWwindow ∗window , i n t key , i n t scancode , i n t act ion , i n t mods)
1150 {

glfwSetWindowShouldClose (window , GL TRUE) ;
( void ) key ;
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( void ) scancode ;
( void ) ac t i on ;

1155 ( void ) mods ;
}

void motioncb (GLFWwindow ∗window , double x , double y )
{

1160 y = 800 − 1 − y ;
designer mouse move (S . de s i gne r [ S . a c t i v e ] , x − 240 , y ) ;
S . x = x ;
S . y = y ;
( void ) window ;

1165 }

void buttoncb (GLFWwindow ∗window , i n t button , i n t act ion , i n t mods)
{

i f ( button == GLFWMOUSEBUTTON LEFT)
1170 {

i f (S . x < 240)
{

i n t a c t i v e = 4 − S . y / 200 ;
i f ( a c t i v e < 0)

1175 a c t i v e = 0 ;
i f ( a c t i v e > 3)

a c t i v e = 3 ;
de s i gne r l eave mode (S . de s i gne r [ S . a c t i v e ] ) ;
S . a c t i v e = ac t i v e ;

1180 des igner ente r mode (S . de s i gne r [ S . a c t i v e ] , S . current mode ) ;
}
e l s e i f (S . x > 1040)
{

i n t mode = 8 − S . y / 100 ;
1185 i f (mode < 0)

mode = 0 ;
i f (mode > 7)

mode = 7 ;
de s i gne r l eave mode (S . de s i gne r [ S . a c t i v e ] ) ;

1190 des igner ente r mode (S . de s i gne r [ S . a c t i v e ] , S . current mode = graph mode (mode⤦
Ç ) ) ;

}
e l s e
{

double x = S . x − 240 ;
1195 i f ( a c t i on == GLFW PRESS)

designer mouse down (S . de s i gne r [ S . a c t i v e ] , x , S . y ) ;
i f ( a c t i on == GLFWRELEASE)

des igner mouse up (S . de s i gne r [ S . a c t i v e ] , x , S . y ) ;
}

1200 }
( void ) window ;
( void ) mods ;

}

1205 i n t main ( )
{

g l fw I n i t ( ) ;
glfwWindowHint (GLFW CLIENT API, GLFW OPENGL API) ;
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glfwWindowHint (GLFWCONTEXTVERSIONMAJOR, 3) ;
1210 glfwWindowHint (GLFWCONTEXT VERSIONMINOR, 3) ;

glfwWindowHint (GLFW OPENGL PROFILE, GLFWOPENGL CORE PROFILE) ;
glfwWindowHint (GLFWOPENGLFORWARDCOMPAT, GL TRUE) ;
glfwWindowHint (GLFW RESIZABLE, GL FALSE) ;
GLFWwindow ∗window = glfwCreateWindow (1280 , 800 , ”graphgrow ” , 0 , 0) ;

1215 glfwMakeContextCurrent (window) ;
glewExperimental = GL TRUE;
g l ew In i t ( ) ;
g lGetError ( ) ; // d i s ca rd common e r r o r from glew
gl fwSetKeyCal lback (window , keycb ) ;

1220 gl fwSetCursorPosCal lback (window , motioncb ) ;
gl fwSetMouseButtonCallback (window , buttoncb ) ;

S . d e s i gne r [ 0 ] = des igner new (0) ;
S . d e s i gne r [ 1 ] = des igner new (1) ;

1225 S . de s i gne r [ 2 ] = des igner new (2) ;
S . d e s i gne r [ 3 ] = des igner new (3) ;
de s i gner ente r mode (S . d e s i gne r [ S . a c t i v e = 0 ] , S . current mode = mode help ) ;
S . draw = draw new ( ) ;

1230 l o add r e s s at = lo addre s s new (”255 . 255 . 255 . 255” , ”6060”) ;
l o add r e s s vt = lo addre s s new (”255 . 255 . 255 . 255” , ”6061”) ;

i n t frame = 0 ;
whi l e (1 )

1235 {
g l fwPol lEvents ( ) ;
i f ( glfwWindowShouldClose (window) ) { break ; }

g l S c i s s o r (0 , 0 , 240 , 200) ;
1240 glViewport (20 , 0 , 200 , 200) ;

draw des igner (S . draw , S . de s i gne r [ 3 ] , 3 == S . ac t ive , f a l s e ) ;

g l S c i s s o r (0 , 200 , 240 , 200) ;
g lViewport (20 , 200 , 200 , 200) ;

1245 draw des igner (S . draw , S . de s i gne r [ 2 ] , 2 == S . ac t ive , f a l s e ) ;

g l S c i s s o r (0 , 400 , 240 , 200) ;
g lViewport (20 , 400 , 200 , 200) ;
draw des igner (S . draw , S . de s i gne r [ 1 ] , 1 == S . ac t ive , f a l s e ) ;

1250

g l S c i s s o r (0 , 600 , 240 , 200) ;
g lViewport (20 , 600 , 200 , 200) ;
draw des igner (S . draw , S . de s i gne r [ 0 ] , 0 == S . ac t ive , f a l s e ) ;

1255 g l S c i s s o r (240 , 0 , 800 , 800) ;
g lViewport (240 , 0 , 800 , 800) ;
draw des igner (S . draw , S . de s i gne r [ S . a c t i v e ] , true , t rue ) ;
i f (S . current mode == mode help )

draw help (S . draw , c o l ou r s [ S . a c t i v e ] ) ;
1260

g l S c i s s o r (1040 , 0 , 240 , 800) ;
g lViewport (1040 , 0 , 240 , 800) ;
draw buttons (S . draw , c o l ou r s [ S . a c t i v e ] , S . current mode ) ;

1265 gl fwSwapBuffers (window) ;
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GLint e = glGetError ( ) ;
i f ( e )

f p r i n t f ( s tde r r , ”OpenGL ERROR %d\n” , e ) ;
1270

aud i o con t r o l a ;
memset(&a , 0 , s i z e o f ( a ) ) ;
f o r ( i n t i = 0 ; i < 4 ; ++i )

f o r ( i n t k = 0 ; k < 8 && k < S . de s i gne r [ i ]−> l i n k s . s i z e ( ) ; ++k)
1275 {

g raph l i nk ∗ l = S . de s i gne r [ i ]−> l i n k s [ k ] ;
i n t j = l−>t a r g e t ;
double dx = l−>x2 − l−>x1 ;
double dy = l−>y2 − l−>y1 ;

1280 double ox = l−>x2 + l−>x1 ;
a . s c a l e [ i ] [ j ] [ k ] = sq r t ( dx ∗ dx + dy ∗ dy ) / 600 ;
a . pan [ i ] [ j ] [ k ] = ( 0 . 5 ∗ ox − 400) / 400 ∗ 0 .5 + 0 . 5 ;
a . l e v e l [ i ] [ j ] [ k ] = 1 ;

}
1285 l o b l ob ablob = lo b lob new ( s i z e o f ( a ) , &a ) ;

i f ( ablob )
{

i f ( l o s end ( at , ”/ audio ” , ”b” , ablob ) == −1)
f p r i n t f ( s tde r r , ”OSC e r r o r %d : %s \n” , l o add r e s s e r r n o ( at ) , ⤦

Ç l o a d d r e s s e r r s t r ( at ) ) ;
1290 l o b l o b f r e e ( ablob ) ;

}
e l s e

f p r i n t f ( s tde r r , ”OSC e r r o r : couldn ’ t lo b lob new \n”) ;

1295 v i d e o c on t r o l v ;
memset(&v , 0 , s i z e o f ( v ) ) ;
v . a c t i v e = S . a c t i v e ;
f o r ( i n t i = 0 ; i < 4 ; ++i )
{

1300 v . count [ i ] = S . de s i gne r [ i ]−> l i n k s . s i z e ( ) ;
f o r ( i n t j = 0 ; j < S . de s i gne r [ i ]−> l i n k s . s i z e ( ) && j < 8 ; ++j )
{

g raph l i nk ∗ l = S . de s i gne r [ i ]−> l i n k s [ j ] ;
double dx = l−>x2 − l−>x1 ;

1305 double dy = l−>y2 − l−>y1 ;
i f ( l−> f l i p p e d )
{

dx = −dx ;
dy = −dy ;

1310 }
double ox = ( l−>x2 + l−>x1 ) / 2 ;
double oy = ( l−>y2 + l−>y1 ) / 2 ;
double s = sq r t (dx ∗ dx + dy ∗ dy ) ;
dx /= 600 ;

1315 dy /= 600 ;
s /= 600 ;
ox −= 400 ;
oy −= 400 ;
ox /= 600 ;

1320 oy /= 600 ;
oy = −oy ;
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v . source [ i ] [ j ] = l−>t a r g e t ;
v . s c a l e [ i ] [ j ] = s ;
glm : : mat3 trans form = glm : : mat3 ( f l o a t ( dx ) , f l o a t ( dy ) , f l o a t ( ox ) , f l o a t (−⤦

Ç dy ) , f l o a t (dx ) , f l o a t ( oy ) , 0 . 0 f , 0 . 0 f , 1 . 0 f ) ;
1325 trans form = glm : : i n v e r s e ( trans form ) ;

f o r ( i n t p = 0 ; p < 3 ; ++p)
f o r ( i n t q = 0 ; q < 3 ; ++q)

v . trans form [ i ] [ j ] [ p ] [ q ] = trans form [ p ] [ q ] ;
}

1330 }
l o b l ob vblob = lo b lob new ( s i z e o f ( v ) , &v ) ;
i f ( vblob )
{

i f ( l o s end ( vt , ”/ video ” , ”b” , vblob ) == −1)
1335 f p r i n t f ( s tde r r , ”OSC e r r o r %d : %s \n” , l o add r e s s e r r n o ( vt ) , ⤦

Ç l o a d d r e s s e r r s t r ( vt ) ) ;
l o b l o b f r e e ( vblob ) ;

}
e l s e

f p r i n t f ( s tde r r , ”OSC e r r o r : couldn ’ t lo b lob new \n”) ;
1340

frame++;
}

glfwDestroyWindow (window) ;
1345 glfwTerminate ( ) ;

r e turn 0 ;
}

40 graphgrow3/iface/help.png
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41 graphgrow3/iface/iface.xcf
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41.18 Layer 17

42 graphgrow3/iface/Makefile

a l l : graphgrow− i f a c e s e l e c t e d . raw de s e l e c t ed . raw help . raw

c l ean :
−rm graphgrow− i f a c e s e l e c t e d . raw de s e l e c t ed . raw help . raw

5

graphgrow− i f a c e : graphgrow− i f a c e . cc
g++ −std=c++11 −Wall −Wextra −pedant ic −Wno−var i ad i c −macros −Wno−s ign −⤦

Ç compare −O3 −march=nat ive − f f a s t −math − I$ (HOME)/opt/ inc lude −L$ (⤦
Ç HOME)/opt/ l i b −o graphgrow− i f a c e graphgrow− i f a c e . cc −lGL −lGLEW −⤦

Ç l g l fw − l l o

s e l e c t e d . raw : s e l e c t e d . png
10 pngtopnm < s e l e c t e d . png | t a i l −c 192000 > s e l e c t e d . raw

de s e l e c t ed . raw : d e s e l e c t ed . png
pngtopnm < de s e l e c t ed . png | t a i l −c 192000 > de s e l e c t ed . raw

15 help . raw : he lp . png
pngtopnm < help . png | t a i l −c 640000 > help . raw

43 graphgrow3/iface/README

Needs l i b l o from https : // github . com/ radar sat1 / l i b l o
Tested with HEAD at 276 dc11db2038b44f04fe67cdb425929427a5337
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44 graphgrow3/iface/selected.png

45 graphgrow3/initial.frag

#ver s i on 130
uniform f l o a t er ;
uniform f l o a t rho ;

5 in vec2 texCoord ;

out vec4 co l our ;

void main ( ) {
10 vec2 p = er ∗ atanh ( texCoord ∗ 2 .0 − vec2 ( 1 . 0 ) ) ;

f l o a t l = length (p) ;
f l o a t n = ( log ( clamp ( l , e r ∗ rho , e r ) ) − l og ( er ) ) / l og ( rho ) ;
co l ou r = vec4 (n , 1 . 0 , 0 . 0 , 0 . 0 ) ;

}

46 graphgrow3/initial.vert

#ver s i on 130

out vec2 texCoord ;

5 void main ( ) {
switch ( g l VertexID ) {

de f au l t :
case 0 :

g l P o s i t i o n = vec4 ( −1 .0 , −1.0 , 0 . 0 , 1 . 0 ) ;
10 texCoord = vec2 ( 0 . 0 , 0 . 0 ) ;

break ;
case 1 :

101



graphgrow graphgrow3/LICENSE

g l P o s i t i o n = vec4 ( 1 . 0 , −1.0 , 0 . 0 , 1 . 0 ) ;
texCoord = vec2 ( 1 . 0 , 0 . 0 ) ;

15 break ;
case 2 :

g l P o s i t i o n = vec4 ( −1 .0 , 1 . 0 , 0 . 0 , 1 . 0 ) ;
texCoord = vec2 ( 0 . 0 , 1 . 0 ) ;
break ;

20 case 3 :
g l P o s i t i o n = vec4 ( 1 . 0 , 1 . 0 , 0 . 0 , 1 . 0 ) ;
texCoord = vec2 ( 1 . 0 , 1 . 0 ) ;
break ;

}
25 }

47 graphgrow3/LICENSE

GNU GENERAL PUBLIC LICENSE
Vers ion 3 , 29 June 2007

Copyright (C) 2007 Free Software Foundation , Inc . <http :// f s f . org/>
5 Everyone i s permitted to copy and d i s t r i b u t e verbatim cop i e s

o f t h i s l i c e n s e document , but changing i t i s not a l lowed .

Preamble

10 The GNU General Publ ic L i cense i s a f r e e , c opy l e f t l i c e n s e f o r
so f tware and other k inds o f works .

The l i c e n s e s f o r most so f tware and other p r a c t i c a l works are des igned
to take away your freedom to share and change the works . By contras t ,

15 the GNU General Publ ic L i cense i s intended to guarantee your freedom to
share and change a l l v e r s i on s o f a program−−to make sure i t remains f r e e
so f tware f o r a l l i t s u s e r s . We, the Free Software Foundation , use the
GNU General Publ ic L i cense f o r most o f our so f tware ; i t a pp l i e s a l s o to
any other work r e l e a s e d t h i s way by i t s authors . You can apply i t to

20 your programs , too .

When we speak o f f r e e so ftware , we are r e f e r r i n g to freedom , not
p r i c e . Our General Publ ic L i c en s e s are des igned to make sure that you
have the freedom to d i s t r i b u t e cop i e s o f f r e e so f tware ( and charge f o r

25 them i f you wish ) , that you r e c e i v e source code or can get i t i f you
want i t , that you can change the so f tware or use p i e c e s o f i t in new
f r e e programs , and that you know you can do these th ing s .

To pro t e c t your r i gh t s , we need to prevent o the r s from denying you
30 the se r i g h t s or ask ing you to sur render the r i g h t s . Therefore , you have

c e r t a i n r e s p o n s i b i l i t i e s i f you d i s t r i b u t e cop i e s o f the so ftware , or i f
you modify i t : r e s p o n s i b i l i t i e s to r e sp e c t the freedom of o the r s .

For example , i f you d i s t r i b u t e cop i e s o f such a program , whether
35 g r a t i s or f o r a fee , you must pass on to the r e c i p i e n t s the same

freedoms that you r e c e i v ed . You must make sure that they , too , r e c e i v e
or can get the source code . And you must show them these terms so they
know th e i r r i g h t s .

40 Developers that use the GNU GPL pro t e c t your r i g h t s with two s t ep s :
(1 ) a s s e r t copyr ight on the software , and (2 ) o f f e r you t h i s L i cense
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g iv ing you l e g a l permis s ion to copy , d i s t r i b u t e and/ or modify i t .

For the deve lopers ’ and authors ’ p ro tec t i on , the GPL c l e a r l y exp l a i n s
45 that the re i s no warranty f o r t h i s f r e e so f tware . For both users ’ and

authors ’ sake , the GPL r e qu i r e s that modi f i ed v e r s i on s be marked as
changed , so that t h e i r problems w i l l not be a t t r i bu t ed e r roneous ly to
authors o f prev ious v e r s i on s .

50 Some dev i c e s are des igned to deny us e r s a c c e s s to i n s t a l l or run
modi f i ed v e r s i on s o f the so f tware i n s i d e them , although the manufacturer
can do so . This i s fundamental ly incompat ib l e with the aim o f
p ro t e c t i ng users ’ freedom to change the so f tware . The sys temat i c
pattern o f such abuse occurs in the area o f products f o r i n d i v i d u a l s to

55 use , which i s p r e c i s e l y where i t i s most unacceptable . Therefore , we
have des igned t h i s v e r s i on o f the GPL to p roh i b i t the p r a c t i c e f o r those
products . I f such problems a r i s e s u b s t a n t i a l l y in other domains , we
stand ready to extend t h i s p r ov i s i on to those domains in fu tu r e v e r s i on s
o f the GPL, as needed to p ro t e c t the freedom of u s e r s .

60

Fina l ly , every program i s threatened cons tant ly by so f tware patents .
S ta t e s should not a l low patents to r e s t r i c t development and use o f
so f tware on genera l −purpose computers , but in those that do , we wish to
avoid the s p e c i a l danger that patents app l i ed to a f r e e program could

65 make i t e f f e c t i v e l y p rop r i e t a ry . To prevent th i s , the GPL as su r e s that
patents cannot be used to render the program non− f r e e .

The p r e c i s e terms and cond i t i on s f o r copying , d i s t r i b u t i o n and
mod i f i c a t i on f o l l ow .

70

TERMS AND CONDITIONS

0 . De f i n i t i o n s .

75 ”This L i cense ” r e f e r s to ve r s i on 3 o f the GNU General Publ ic L i cense .

”Copyright ” a l s o means copyr ight − l i k e laws that apply to other k inds o f
works , such as semiconductor masks .

80 ”The Program” r e f e r s to any copyr i gh tab l e work l i c e n s e d under t h i s
L i cense . Each l i c e n s e e i s addressed as ”you ” . ” L i c en s e e s ” and
” r e c i p i e n t s ” may be i nd i v i d u a l s or o r gan i z a t i on s .

To ”modify” a work means to copy from or adapt a l l or part o f the work
85 in a f a sh i on r e qu i r i n g copyr ight permiss ion , other than the making o f an

exact copy . The r e s u l t i n g work i s c a l l e d a ”modi f i ed ve r s i on ” o f the
e a r l i e r work or a work ”based on” the e a r l i e r work .

A ” covered work” means e i t h e r the unmodif ied Program or a work based
90 on the Program .

To ”propagate ” a work means to do anything with i t that , without
permiss ion , would make you d i r e c t l y or s e c onda r i l y l i a b l e f o r
in f r ingement under app l i c ab l e copyr ight law , except execut ing i t on a

95 computer or modifying a p r i va t e copy . Propagation i n c l ud e s copying ,
d i s t r i b u t i o n ( with or without mod i f i c a t i on ) , making a v a i l a b l e to the
publ ic , and in some coun t r i e s other a c t i v i t i e s as we l l .
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To ”convey” a work means any kind o f propagat ion that enab l e s other
100 pa r t i e s to make or r e c e i v e cop i e s . Mere i n t e r a c t i o n with a user through

a computer network , with no t r a n s f e r o f a copy , i s not conveying .

An i n t e r a c t i v e user i n t e r f a c e d i s p l a y s ”Appropriate Legal Not i ce s ”
to the extent that i t i n c l ud e s a convenient and prominently v i s i b l e

105 f e a t u r e that (1 ) d i s p l a y s an appropr ia t e copyr ight not i ce , and (2 )
t e l l s the user that the re i s no warranty f o r the work ( except to the
extent that war rant i e s are provided ) , that l i c e n s e e s may convey the
work under t h i s License , and how to view a copy o f t h i s L i cense . I f
the i n t e r f a c e p r e s en t s a l i s t o f user commands or opt ions , such as a

110 menu , a prominent item in the l i s t meets t h i s c r i t e r i o n .

1 . Source Code .

The ” source code” f o r a work means the p r e f e r r e d form o f the work
115 f o r making mod i f i c a t i on s to i t . ”Object code” means any non− source

form o f a work .

A ”Standard I n t e r f a c e ” means an i n t e r f a c e that e i t h e r i s an o f f i c i a l
standard de f ined by a recogn i z ed standards body , or , in the case o f

120 i n t e r f a c e s s p e c i f i e d f o r a p a r t i c u l a r programming language , one that
i s wide ly used among deve l ope r s working in that language .

The ”System L i b r a r i e s ” o f an executab l e work inc lude anything , other
than the work as a whole , that ( a ) i s inc luded in the normal form o f

125 packaging a Major Component , but which i s not part o f that Major
Component , and (b) s e r v e s only to enable use o f the work with that
Major Component , or to implement a Standard I n t e r f a c e f o r which an
implementation i s a v a i l a b l e to the pub l i c in source code form . A
”Major Component” , in t h i s context , means a major e s s e n t i a l component

130 ( kerne l , window system , and so on ) o f the s p e c i f i c opera t ing system
( i f any ) on which the executab l e work runs , or a compi le r used to
produce the work , or an ob j e c t code i n t e r p r e t e r used to run i t .

The ”Corresponding Source ” f o r a work in ob j e c t code form means a l l
135 the source code needed to generate , i n s t a l l , and ( f o r an executab l e

work ) run the ob j e c t code and to modify the work , i n c l ud ing s c r i p t s to
c on t r o l those a c t i v i t i e s . However , i t does not in c lude the work ’ s
System L ib ra r i e s , or genera l −purpose t o o l s or g en e r a l l y a v a i l a b l e f r e e
programs which are used unmodif ied in per forming those a c t i v i t i e s but

140 which are not part o f the work . For example , Corresponding Source
i n c l ud e s i n t e r f a c e d e f i n i t i o n f i l e s a s s o c i a t ed with source f i l e s f o r
the work , and the source code f o r shared l i b r a r i e s and dynamical ly
l i nked subprograms that the work i s s p e c i f i c a l l y des igned to requ i r e ,
such as by int imate data communication or c on t r o l f low between those

145 subprograms and other par t s o f the work .

The Corresponding Source need not in c lude anything that u s e r s
can r egene ra t e automat i ca l l y from other par t s o f the Corresponding
Source .

150

The Corresponding Source f o r a work in source code form i s that
same work .

2 . Bas ic Permiss ions .
155
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Al l r i g h t s granted under t h i s L i cense are granted f o r the term o f
copyr ight on the Program , and are i r r e v o c ab l e provided the s ta t ed
cond i t i on s are met . This L i cense e x p l i c i t l y a f f i rm s your un l imited
permis s ion to run the unmodif ied Program . The output from running a

160 covered work i s covered by t h i s L i cense only i f the output , g iven i t s
content , c o n s t i t u t e s a covered work . This L i cense acknowledges your
r i g h t s o f f a i r use or other equ iva l ent , as provided by copyr ight law .

You may make , run and propagate covered works that you do not
165 convey , without cond i t i on s so long as your l i c e n s e otherwi se remains

in f o r c e . You may convey covered works to o the r s f o r the s o l e purpose
o f having them make mod i f i c a t i on s e x c l u s i v e l y f o r you , or prov ide you
with f a c i l i t i e s f o r running those works , provided that you comply with
the terms o f t h i s L i cense in conveying a l l mate r i a l f o r which you do

170 not c on t r o l copyr ight . Those thus making or running the covered works
f o r you must do so e x c l u s i v e l y on your beha l f , under your d i r e c t i o n
and contro l , on terms that p r oh i b i t them from making any cop i e s o f
your copyr ighted mate r i a l ou t s id e t h e i r r e l a t i o n s h i p with you .

175 Conveying under any other c i r cumstances i s permitted s o l e l y under
the cond i t i on s s ta t ed below . Sub l i c en s i ng i s not a l lowed ; s e c t i o n 10
makes i t unnecessary .

3 . Pro tec t ing Users ’ Legal Rights From Anti−Circumvention Law .
180

No covered work s h a l l be deemed part o f an e f f e c t i v e t e c hno l o g i c a l
measure under any app l i c ab l e law f u l f i l l i n g o b l i g a t i o n s under a r t i c l e
11 o f the WIPO copyr ight t r ea ty adopted on 20 December 1996 , or
s im i l a r laws p r oh i b i t i n g or r e s t r i c t i n g c ircumvent ion o f such

185 measures .

When you convey a covered work , you waive any l e g a l power to f o rb i d
c i rcumvent ion o f t e c hno l o g i c a l measures to the extent such c ircumvent ion
i s e f f e c t e d by e x e r c i s i n g r i g h t s under t h i s L i cense with r e sp e c t to

190 the covered work , and you d i s c l a im any i n t en t i on to l im i t opera t i on or
mod i f i c a t i on o f the work as a means o f en fo rc ing , aga in s t the work ’ s
users , your or th i rd pa r t i e s ’ l e g a l r i g h t s to f o rb i d c i rcumvent ion o f
t e c hno l o g i c a l measures .

195 4 . Conveying Verbatim Copies .

You may convey verbatim cop i e s o f the Program ’ s source code as you
r e c e i v e i t , in any medium , provided that you consp i cuous ly and
approp r i a t e l y pub l i sh on each copy an appropr ia t e copyr ight no t i c e ;

200 keep i n t a c t a l l n o t i c e s s t a t i n g that t h i s L i cense and any
non−permi s s i v e terms added in accord with s e c t i o n 7 apply to the code ;
keep i n t a c t a l l n o t i c e s o f the absence o f any warranty ; and g ive a l l
r e c i p i e n t s a copy o f t h i s L i cense along with the Program .

205 You may charge any p r i c e or no p r i c e f o r each copy that you convey ,
and you may o f f e r support or warranty p ro t e c t i on f o r a f e e .

5 . Conveying Modif ied Source Vers ions .

210 You may convey a work based on the Program , or the mod i f i c a t i on s to
produce i t from the Program , in the form o f source code under the
terms o f s e c t i o n 4 , provided that you a l s o meet a l l o f the se c ond i t i on s :
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a ) The work must car ry prominent no t i c e s s t a t i n g that you modi f i ed
215 i t , and g iv ing a r e l e van t date .

b ) The work must car ry prominent no t i c e s s t a t i n g that i t i s
r e l e a s e d under t h i s L i cense and any cond i t i on s added under s e c t i o n
7 . This requirement mod i f i e s the requirement in s e c t i o n 4 to

220 ”keep i n t a c t a l l n o t i c e s ” .

c ) You must l i c e n s e the e n t i r e work , as a whole , under t h i s
L i cense to anyone who comes in to po s s e s s i on o f a copy . This
L i cense w i l l t h e r e f o r e apply , a long with any app l i c ab l e s e c t i o n 7

225 add i t i o na l terms , to the whole o f the work , and a l l i t s parts ,
r e g a r d l e s s o f how they are packaged . This L i cense g i v e s no
permis s ion to l i c e n s e the work in any other way , but i t does not
i n v a l i d a t e such permis s ion i f you have s epa r a t e l y r e c e i v ed i t .

230 d) I f the work has i n t e r a c t i v e user i n t e r f a c e s , each must d i sp l ay
Appropriate Legal Not i ce s ; however , i f the Program has i n t e r a c t i v e
i n t e r f a c e s that do not d i sp l ay Appropriate Legal Not ices , your
work need not make them do so .

235 A compi la t ion o f a covered work with other s epara t e and independent
works , which are not by t h e i r nature ex t en s i on s o f the covered work ,
and which are not combined with i t such as to form a l a r g e r program ,
in or on a volume o f a s to rage or d i s t r i b u t i o n medium , i s c a l l e d an
” aggregate ” i f the compi la t ion and i t s r e s u l t i n g copyr ight are not

240 used to l im i t the a c c e s s or l e g a l r i g h t s o f the compi lat ion ’ s u s e r s
beyond what the i nd i v i dua l works permit . I n c l u s i o n o f a covered work
in an aggregate does not cause t h i s L i cense to apply to the other
par t s o f the aggregate .

245 6 . Conveying Non−Source Forms .

You may convey a covered work in ob j e c t code form under the terms
o f s e c t i o n s 4 and 5 , provided that you a l s o convey the
machine− r eadab le Corresponding Source under the terms o f t h i s License ,

250 in one o f the se ways :

a ) Convey the ob j e c t code in , or embodied in , a phy s i c a l product
( i n c l ud ing a phy s i c a l d i s t r i b u t i o n medium) , accompanied by the
Corresponding Source f i x ed on a durable phy s i c a l medium

255 cus tomar i ly used f o r so f tware in te rchange .

b) Convey the ob j e c t code in , or embodied in , a phy s i c a l product
( i n c l ud ing a phy s i c a l d i s t r i b u t i o n medium) , accompanied by a
wr i t t en o f f e r , v a l i d f o r at l e a s t three years and va l i d f o r as

260 long as you o f f e r spare par t s or customer support f o r that product
model , to g ive anyone who po s s e s s e s the ob j e c t code e i t h e r (1 ) a
copy o f the Corresponding Source f o r a l l the so f tware in the
product that i s covered by t h i s License , on a durable phy s i c a l
medium customar i ly used f o r so f tware interchange , f o r a p r i c e no

265 more than your rea sonab l e co s t o f phy s i c a l l y per forming t h i s
conveying o f source , or (2 ) a c c e s s to copy the
Corresponding Source from a network s e r v e r at no charge .

c ) Convey i nd i v i dua l c op i e s o f the ob j e c t code with a copy o f the

106



graphgrow graphgrow3/LICENSE

270 wr i t t en o f f e r to prov ide the Corresponding Source . This
a l t e r n a t i v e i s a l lowed only o c c a s i o n a l l y and noncommercial ly , and
only i f you r e c e i v ed the ob j e c t code with such an o f f e r , in accord
with subs e c t i on 6b .

275 d) Convey the ob j e c t code by o f f e r i n g ac c e s s from a des ignated
p lace ( g r a t i s or f o r a charge ) , and o f f e r equ iva l en t a c c e s s to the
Corresponding Source in the same way through the same p lace at no
f u r t h e r charge . You need not r e qu i r e r e c i p i e n t s to copy the
Corresponding Source along with the ob j e c t code . I f the p lace to

280 copy the ob j e c t code i s a network se rver , the Corresponding Source
may be on a d i f f e r e n t s e r v e r ( operated by you or a th i rd party )
that supports equ iva l en t copying f a c i l i t i e s , provided you maintain
c l e a r d i r e c t i o n s next to the ob j e c t code say ing where to f i nd the
Corresponding Source . Regard le s s o f what s e r v e r hos t s the

285 Corresponding Source , you remain ob l i g a t ed to ensure that i t i s
a v a i l a b l e f o r as long as needed to s a t i s f y these requ i rements .

e ) Convey the ob j e c t code us ing peer −to−peer t ransmis s ion , provided
you inform other pee r s where the ob j e c t code and Corresponding

290 Source o f the work are being o f f e r e d to the gene ra l pub l i c at no
charge under subse c t i on 6d .

A separab l e por t i on o f the ob j e c t code , whose source code i s excluded
from the Corresponding Source as a System Library , need not be

295 i nc luded in conveying the ob j e c t code work .

A ”User Product” i s e i t h e r (1 ) a ”consumer product ” , which means any
t ang i b l e pe r sona l property which i s normally used f o r persona l , fami ly ,
or household purposes , or (2 ) anything des igned or so ld f o r i n co rpo ra t i on

300 i n to a dwe l l i ng . In determining whether a product i s a consumer product ,
doubt fu l c a s e s s h a l l be r e s o l v ed in favor o f coverage . For a p a r t i c u l a r
product r e c e i v ed by a p a r t i c u l a r user , ” normally used” r e f e r s to a
t yp i c a l or common use o f that c l a s s o f product , r e g a r d l e s s o f the s t a tu s
o f the p a r t i c u l a r user or o f the way in which the p a r t i c u l a r user

305 a c tua l l y uses , or expect s or i s expected to use , the product . A product
i s a consumer product r e g a r d l e s s o f whether the product has s ub s t an t i a l
commercial , i n d u s t r i a l or non−consumer uses , un l e s s such uses r ep r e s en t
the only s i g n i f i c a n t mode o f use o f the product .

310 ” I n s t a l l a t i o n In format ion ” f o r a User Product means any methods ,
procedures , au tho r i z a t i on keys , or other in fo rmat ion r equ i r ed to i n s t a l l
and execute modi f i ed v e r s i on s o f a covered work in that User Product from
a modi f i ed ve r s i on o f i t s Corresponding Source . The in fo rmat ion must
s u f f i c e to ensure that the cont inued func t i on ing o f the modi f i ed ob j e c t

315 code i s in no case prevented or i n t e r f e r e d with s o l e l y because
mod i f i c a t i on has been made .

I f you convey an ob j e c t code work under t h i s s e c t i o n in , or with , or
s p e c i f i c a l l y f o r use in , a User Product , and the conveying occurs as

320 part o f a t r an sa c t i on in which the r i g h t o f po s s e s s i on and use o f the
User Product i s t r a n s f e r r e d to the r e c i p i e n t in pe rpe tu i ty or f o r a
f i x ed term ( r e g a r d l e s s o f how the t r an sa c t i on i s cha r a c t e r i z ed ) , the
Corresponding Source conveyed under t h i s s e c t i o n must be accompanied
by the I n s t a l l a t i o n In format ion . But t h i s requirement does not apply

325 i f n e i t h e r you nor any th i rd party r e t a i n s the a b i l i t y to i n s t a l l
modi f i ed ob j e c t code on the User Product ( f o r example , the work has
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been i n s t a l l e d in ROM) .

The requirement to prov ide I n s t a l l a t i o n In format ion does not in c lude a
330 requirement to cont inue to prov ide support s e r v i c e , warranty , or updates

f o r a work that has been modi f i ed or i n s t a l l e d by the r e c i p i e n t , or f o r
the User Product in which i t has been modi f i ed or i n s t a l l e d . Access to a
network may be denied when the mod i f i c a t i on i t s e l f ma t e r i a l l y and
adve r s e l y a f f e c t s the opera t i on o f the network or v i o l a t e s the r u l e s and

335 p ro t o c o l s f o r communication ac ro s s the network .

Corresponding Source conveyed , and I n s t a l l a t i o n In format ion provided ,
in accord with t h i s s e c t i o n must be in a format that i s pub l i c l y
documented ( and with an implementation a v a i l a b l e to the pub l i c in

340 source code form ) , and must r e qu i r e no s p e c i a l password or key f o r
unpacking , read ing or copying .

7 . Addi t iona l Terms .

345 ”Addi t iona l pe rmi s s i ons ” are terms that supplement the terms o f t h i s
L i cense by making except i ons from one or more o f i t s c ond i t i on s .
Addi t iona l pe rmi s s i ons that are app l i c ab l e to the e n t i r e Program s h a l l
be t r ea t ed as though they were inc luded in t h i s License , to the extent
that they are va l i d under app l i c ab l e law . I f add i t i o na l pe rmi s s i ons

350 apply only to part o f the Program , that part may be used s epa r a t e l y
under those permiss ions , but the e n t i r e Program remains governed by
t h i s L i cense without regard to the add i t i o na l pe rmi s s i ons .

When you convey a copy o f a covered work , you may at your opt ion
355 remove any add i t i o na l pe rmi s s i ons from that copy , or from any part o f

i t . ( Addi t iona l pe rmi s s i ons may be wr i t t en to r e qu i r e t h e i r own
removal in c e r t a i n ca s e s when you modify the work . ) You may p lace
add i t i o na l pe rmi s s i ons on mater ia l , added by you to a covered work ,
f o r which you have or can g ive appropr ia t e copyr ight permis s ion .

360

Notwithstanding any other p r ov i s i on o f t h i s License , f o r mate r i a l you
add to a covered work , you may ( i f author i zed by the copyr ight ho lde r s o f
that mate r i a l ) supplement the terms o f t h i s L i cense with terms :

365 a ) Disc la iming warranty or l im i t i n g l i a b i l i t y d i f f e r e n t l y from the
terms o f s e c t i o n s 15 and 16 o f t h i s L i cense ; or

b) Requir ing p r e s e r va t i on o f s p e c i f i e d rea sonab l e l e g a l n o t i c e s or
author a t t r i b u t i o n s in that mate r i a l or in the Appropriate Legal

370 Not ice s d i sp l ayed by works conta in ing i t ; or

c ) Proh ib i t i ng mi s r ep r e s en ta t i on o f the o r i g i n o f that mater ia l , or
r e qu i r i n g that modi f i ed v e r s i on s o f such mate r i a l be marked in
rea sonab l e ways as d i f f e r e n t from the o r i g i n a l v e r s i on ; or

375

d) Limit ing the use f o r pub l i c i t y purposes o f names o f l i c e n s o r s or
authors o f the mate r i a l ; or

e ) Dec l in ing to grant r i g h t s under trademark law f o r use o f some
380 t rade names , trademarks , or s e r v i c e marks ; or

f ) Requir ing i ndemn i f i c a t i on o f l i c e n s o r s and authors o f that
mate r i a l by anyone who conveys the mate r i a l ( or modi f i ed v e r s i on s o f
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i t ) with con t ra c tua l assumptions o f l i a b i l i t y to the r e c i p i e n t , f o r
385 any l i a b i l i t y that these con t r a c tua l assumptions d i r e c t l y impose on

those l i c e n s o r s and authors .

Al l other non−permi s s i v e add i t i ona l terms are cons ide r ed ” f u r t h e r
r e s t r i c t i o n s ” with in the meaning o f s e c t i o n 10 . I f the Program as you

390 r e c e i v ed i t , or any part o f i t , conta in s a no t i c e s t a t i n g that i t i s
governed by t h i s L i cense along with a term that i s a f u r t h e r
r e s t r i c t i o n , you may remove that term . I f a l i c e n s e document conta in s
a f u r t h e r r e s t r i c t i o n but permits r e l i c e n s i n g or conveying under t h i s
License , you may add to a covered work mate r i a l governed by the terms

395 o f that l i c e n s e document , provided that the f u r t h e r r e s t r i c t i o n does
not su rv iv e such r e l i c e n s i n g or conveying .

I f you add terms to a covered work in accord with t h i s s e c t i on , you
must place , in the r e l e van t source f i l e s , a statement o f the

400 add i t i o na l terms that apply to those f i l e s , or a no t i c e i nd i c a t i n g
where to f i nd the app l i c ab l e terms .

Addi t iona l terms , pe rmi s s i v e or non−permiss ive , may be s ta t ed in the
form o f a s epa r a t e l y wr i t t en l i c e n s e , or s ta t ed as except i on s ;

405 the above requi rements apply e i t h e r way .

8 . Termination .

You may not propagate or modify a covered work except as exp r e s s l y
410 provided under t h i s L i cense . Any attempt otherwi s e to propagate or

modify i t i s void , and w i l l automat i ca l l y terminate your r i g h t s under
t h i s L i cense ( i n c l ud ing any patent l i c e n s e s granted under the th i rd
paragraph o f s e c t i o n 11) .

415 However , i f you cease a l l v i o l a t i o n o f t h i s License , then your
l i c e n s e from a pa r t i c u l a r copyr ight ho lder i s r e i n s t a t e d ( a )
p r ov i s i o n a l l y , un l e s s and un t i l the copyr ight ho lder e x p l i c i t l y and
f i n a l l y te rminates your l i c e n s e , and (b) permanently , i f the copyr ight
ho lder f a i l s to no t i f y you o f the v i o l a t i o n by some reasonab l e means

420 p r i o r to 60 days a f t e r the c e s s a t i o n .

Moreover , your l i c e n s e from a pa r t i c u l a r copyr ight ho lder i s
r e i n s t a t e d permanently i f the copyr ight ho lder n o t i f i e s you o f the
v i o l a t i o n by some reasonab l e means , t h i s i s the f i r s t time you have

425 r e c e i v ed no t i c e o f v i o l a t i o n o f t h i s L i cense ( f o r any work ) from that
copyr ight holder , and you cure the v i o l a t i o n p r i o r to 30 days a f t e r
your r e c e i p t o f the no t i c e .

Termination o f your r i g h t s under t h i s s e c t i o n does not terminate the
430 l i c e n s e s o f p a r t i e s who have r e c e i v ed cop i e s or r i g h t s from you under

t h i s L i cense . I f your r i g h t s have been terminated and not permanently
r e i n s t a t ed , you do not qu a l i f y to r e c e i v e new l i c e n s e s f o r the same
mate r i a l under s e c t i o n 10 .

435 9 . Acceptance Not Required f o r Having Copies .

You are not r equ i r ed to accept t h i s L i cense in order to r e c e i v e or
run a copy o f the Program . Anc i l l a r y propagat ion o f a covered work
occur r ing s o l e l y as a consequence o f us ing peer −to−peer t ransmi s s i on

440 to r e c e i v e a copy l i k ew i s e does not r e qu i r e acceptance . However ,
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nothing other than t h i s L i cense grants you permis s ion to propagate or
modify any covered work . These a c t i on s i n f r i n g e copyr ight i f you do
not accept t h i s L i cense . Therefore , by modifying or propagat ing a
covered work , you i nd i c a t e your acceptance o f t h i s L i cense to do so .

445

10 . Automatic L i c ens ing o f Downstream Rec ip i en t s .

Each time you convey a covered work , the r e c i p i e n t automat i ca l l y
r e c e i v e s a l i c e n s e from the o r i g i n a l l i c e n s o r s , to run , modify and

450 propagate that work , sub j e c t to t h i s L i cense . You are not r e s p on s i b l e
f o r en f o r c i ng compliance by th i rd p a r t i e s with t h i s L i cense .

An ” en t i t y t r an sa c t i on ” i s a t r an sa c t i on t r a n s f e r r i n g con t r o l o f an
organ i za t i on , or s u b s t a n t i a l l y a l l a s s e t s o f one , or subd iv id ing an

455 organ i za t i on , or merging o r gan i z a t i on s . I f propagat ion o f a covered
work r e s u l t s from an en t i t y t ransac t i on , each party to that
t r an sa c t i on who r e c e i v e s a copy o f the work a l s o r e c e i v e s whatever
l i c e n s e s to the work the party ’ s p r edec e s s o r in i n t e r e s t had or could
g ive under the prev ious paragraph , p lus a r i g h t to po s s e s s i on o f the

460 Corresponding Source o f the work from the pr edec e s so r in i n t e r e s t , i f
the p r edec e s s o r has i t or can get i t with rea sonab l e e f f o r t s .

You may not impose any f u r t h e r r e s t r i c t i o n s on the e x e r c i s e o f the
r i g h t s granted or a f f i rmed under t h i s L i cense . For example , you may

465 not impose a l i c e n s e fee , roya l ty , or other charge f o r e x e r c i s e o f
r i g h t s granted under t h i s License , and you may not i n i t i a t e l i t i g a t i o n
( i n c l ud ing a cros s −c la im or counterc la im in a l awsu i t ) a l l e g i n g that
any patent c la im i s i n f r i n g e d by making , using , s e l l i n g , o f f e r i n g f o r
sa l e , or import ing the Program or any por t i on o f i t .

470

11 . Patents .

A ” con t r i bu to r ” i s a copyr ight ho lder who au tho r i z e s use under t h i s
L i cense o f the Program or a work on which the Program i s based . The

475 work thus l i c e n s e d i s c a l l e d the contr ibutor ’ s ” con t r i bu to r v e r s i on ” .

A contr ibutor ’ s ” e s s e n t i a l patent c la ims ” are a l l patent c la ims
owned or c on t r o l l e d by the cont r ibutor , whether a l r eady acqu i red or
h e r e a f t e r acquired , that would be i n f r i n g e d by some manner , permitted

480 by t h i s License , o f making , using , or s e l l i n g i t s con t r i bu to r ver s ion ,
but do not in c lude c la ims that would be i n f r i n g e d only as a
consequence o f f u r t h e r mod i f i c a t i on o f the con t r i bu to r ve r s i on . For
purposes o f t h i s d e f i n i t i o n , ” c on t r o l ” i n c l ud e s the r i g h t to grant
patent s ub l i c e n s e s in a manner c on s i s t e n t with the requi rements o f

485 t h i s L i cense .

Each con t r i bu to r grants you a non− exc lu s i v e , worldwide , roya l ty − f r e e
patent l i c e n s e under the cont r ibutor ’ s e s s e n t i a l patent c la ims , to
make , use , s e l l , o f f e r f o r sa l e , import and otherw i s e run , modify and

490 propagate the contents o f i t s c on t r i bu to r ve r s i on .

In the f o l l ow i n g three paragraphs , a ” patent l i c e n s e ” i s any expre s s
agreement or commitment , however denominated , not to en f o r c e a patent
( such as an expre s s permis s ion to p r a c t i c e a patent or covenant not to

495 sue f o r patent in f r ingement ) . To ” grant ” such a patent l i c e n s e to a
party means to make such an agreement or commitment not to en f o r c e a
patent aga in s t the party .

110



graphgrow graphgrow3/LICENSE

I f you convey a covered work , knowingly r e l y i n g on a patent l i c e n s e ,
500 and the Corresponding Source o f the work i s not a v a i l a b l e f o r anyone

to copy , f r e e o f charge and under the terms o f t h i s License , through a
pub l i c l y a v a i l a b l e network s e r v e r or other r e a d i l y a c c e s s i b l e means ,
then you must e i t h e r (1 ) cause the Corresponding Source to be so
ava i l ab l e , or (2 ) arrange to depr ive y ou r s e l f o f the b en e f i t o f the

505 patent l i c e n s e f o r t h i s p a r t i c u l a r work , or (3 ) arrange , in a manner
c on s i s t e n t with the requi rements o f t h i s License , to extend the patent
l i c e n s e to downstream r e c i p i e n t s . ”Knowingly r e l y i n g ” means you have
ac tua l knowledge that , but f o r the patent l i c e n s e , your conveying the
covered work in a country , or your r e c i p i e n t ’ s use o f the covered work

510 in a country , would i n f r i n g e one or more i d e n t i f i a b l e patents in that
country that you have reason to b e l i e v e are va l i d .

I f , pursuant to or in connect ion with a s i n g l e t r an sa c t i on or
arrangement , you convey , or propagate by procur ing conveyance of , a

515 covered work , and grant a patent l i c e n s e to some o f the p a r t i e s
r e c e i v i n g the covered work autho r i z i ng them to use , propagate , modify
or convey a s p e c i f i c copy o f the covered work , then the patent l i c e n s e
you grant i s automat i ca l l y extended to a l l r e c i p i e n t s o f the covered
work and works based on i t .

520

A patent l i c e n s e i s ” d i s c r im ina to ry ” i f i t does not in c lude with in
the scope o f i t s coverage , p r oh i b i t s the e x e r c i s e of , or i s
cond i t i oned on the non− e x e r c i s e o f one or more o f the r i g h t s that are
s p e c i f i c a l l y granted under t h i s L i cense . You may not convey a covered

525 work i f you are a party to an arrangement with a th i rd party that i s
in the bus in e s s o f d i s t r i b u t i n g software , under which you make payment
to the th i rd party based on the extent o f your a c t i v i t y o f conveying
the work , and under which the th i rd party grants , to any o f the
p a r t i e s who would r e c e i v e the covered work from you , a d i s c r im ina to ry

530 patent l i c e n s e ( a ) in connect ion with cop i e s o f the covered work
conveyed by you ( or cop i e s made from those cop i e s ) , or (b) p r imar i l y
f o r and in connect ion with s p e c i f i c products or compi l a t i ons that
conta in the covered work , un l e s s you entered in to that arrangement ,
or that patent l i c e n s e was granted , p r i o r to 28 March 2007 .

535

Nothing in t h i s L i cense s h a l l be construed as exc lud ing or l im i t i n g
any impl i ed l i c e n s e or other de f en s e s to in f r ingement that may
otherwi s e be a v a i l a b l e to you under app l i c ab l e patent law .

540 12 . No Surrender o f Others ’ Freedom .

I f c ond i t i on s are imposed on you ( whether by court order , agreement or
otherwi s e ) that con t r ad i c t the cond i t i on s o f t h i s License , they do not
excuse you from the cond i t i on s o f t h i s L i cense . I f you cannot convey a

545 covered work so as to s a t i s f y s imul taneous ly your o b l i g a t i o n s under t h i s
L i cense and any other pe r t i n en t ob l i g a t i on s , then as a consequence you may
not convey i t at a l l . For example , i f you agree to terms that ob l i g a t e you
to c o l l e c t a roya l ty f o r f u r t h e r conveying from those to whom you convey
the Program , the only way you could s a t i s f y both those terms and t h i s

550 License would be to r e f r a i n e n t i r e l y from conveying the Program .

13 . Use with the GNU Af fe ro General Publ ic L i cense .

Notwithstanding any other p r ov i s i on o f t h i s License , you have

111



graphgrow graphgrow3/LICENSE

555 permis s ion to l i n k or combine any covered work with a work l i c e n s e d
under ve r s i on 3 o f the GNU Af f e ro General Publ ic L i cense in to a s i n g l e
combined work , and to convey the r e s u l t i n g work . The terms o f t h i s
L i cense w i l l cont inue to apply to the part which i s the covered work ,
but the s p e c i a l requ i rements o f the GNU Af fe ro General Publ ic License ,

560 s e c t i o n 13 , concern ing i n t e r a c t i o n through a network w i l l apply to the
combination as such .

14 . Revised Vers ions o f t h i s L i cense .

565 The Free Software Foundation may pub l i sh r e v i s ed and/or new ve r s i on s o f
the GNU General Publ ic L i cense from time to time . Such new ve r s i on s w i l l
be s im i l a r in s p i r i t to the pre sent ver s ion , but may d i f f e r in d e t a i l to
address new problems or concerns .

570 Each ve r s i on i s g iven a d i s t i n g u i s h i n g ve r s i on number . I f the
Program s p e c i f i e s that a c e r t a i n numbered ve r s i on o f the GNU General
Publ ic L i cense ” or any l a t e r v e r s i on ” app l i e s to i t , you have the
opt ion o f f o l l ow i ng the terms and cond i t i on s e i t h e r o f that numbered
ve r s i on or o f any l a t e r v e r s i on publ i shed by the Free Software

575 Foundation . I f the Program does not s p e c i f y a ve r s i on number o f the
GNU General Publ ic License , you may choose any ve r s i on ever publ i shed
by the Free Software Foundation .

I f the Program s p e c i f i e s that a proxy can dec ide which fu tu r e
580 v e r s i on s o f the GNU General Publ ic L i cense can be used , that proxy ’ s

pub l i c statement o f acceptance o f a ve r s i on permanently au tho r i z e s you
to choose that ve r s i on f o r the Program .

Later l i c e n s e v e r s i on s may g ive you add i t i ona l or d i f f e r e n t
585 permi s s i ons . However , no add i t i o na l o b l i g a t i o n s are imposed on any

author or copyr ight ho lder as a r e s u l t o f your choos ing to f o l l ow a
l a t e r v e r s i on .

15 . D i sc la imer o f Warranty .
590

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT
HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM ”AS IS” WITHOUT WARRANTY
OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO,

595 THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM
IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF
ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

600 16 . L imi tat ion o f L i a b i l i t y .

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS
THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY

605 GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE
USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF
DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD
PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS) ,
EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF

610 SUCH DAMAGES.
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17 . I n t e r p r e t a t i o n o f Se c t i on s 15 and 16 .

I f the d i s c l a ime r o f warranty and l im i t a t i o n o f l i a b i l i t y provided
615 above cannot be g iven l o c a l l e g a l e f f e c t accord ing to t h e i r terms ,

r ev i ewing cour t s s h a l l apply l o c a l law that most c l o s e l y approximates
an abso lu t e waiver o f a l l c i v i l l i a b i l i t y in connect ion with the
Program , un l e s s a warranty or assumption o f l i a b i l i t y accompanies a
copy o f the Program in return f o r a f e e .

620

END OF TERMS AND CONDITIONS

How to Apply These Terms to Your New Programs

625 I f you develop a new program , and you want i t to be o f the g r e a t e s t
p o s s i b l e use to the publ ic , the bes t way to ach ieve t h i s i s to make i t
f r e e so f tware which everyone can r e d i s t r i b u t e and change under these terms .

To do so , attach the f o l l ow i n g no t i c e s to the program . I t i s s a f e s t
630 to attach them to the s t a r t o f each source f i l e to most e f f e c t i v e l y

s t a t e the ex c l u s i on o f warranty ; and each f i l e should have at l e a s t
the ” copyr ight ” l i n e and a po in t e r to where the f u l l no t i c e i s found .

<one l i n e to g ive the program ’ s name and a b r i e f idea o f what i t does .>
635 Copyright (C) <year> <name o f author>

This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or

640 ( at your opt ion ) any l a t e r v e r s i on .

This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the

645 GNU General Publ ic L i cense f o r more d e t a i l s .

You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

650 Also add in fo rmat ion on how to contact you by e l e c t r o n i c and paper mail .

I f the program does te rmina l i n t e r a c t i on , make i t output a shor t
no t i c e l i k e t h i s when i t s t a r t s in an i n t e r a c t i v e mode :

655 <program> Copyright (C) <year> <name o f author>
This program comes with ABSOLUTELY NO WARRANTY; f o r d e t a i l s type ‘ show w’ .
This i s f r e e so f tware , and you are welcome to r e d i s t r i b u t e i t
under c e r t a i n cond i t i on s ; type ‘ show c ’ f o r d e t a i l s .

660 The hypo the t i c a l commands ‘ show w’ and ‘ show c ’ should show the appropr ia t e
par t s o f the General Publ ic L i cense . Of course , your program ’ s commands
might be d i f f e r e n t ; f o r a GUI i n t e r f a c e , you would use an ”about box ” .

You should a l s o get your employer ( i f you work as a programmer ) or schoo l ,
665 i f any , to s i gn a ” copyr ight d i s c l a ime r ” f o r the program , i f nece s sa ry .

For more in fo rmat ion on th i s , and how to apply and f o l l ow the GNU GPL, see
<http ://www. gnu . org / l i c e n s e s />.
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The GNU General Publ ic L i cense does not permit i n co rpo ra t i ng your program
670 i n to p rop r i e t a ry programs . I f your program i s a subrout ine l i b r a ry , you

may cons id e r i t more u s e f u l to permit l i n k i n g p rop r i e t a ry app l i c a t i o n s with
the l i b r a r y . I f t h i s i s what you want to do , use the GNU Lesse r General
Publ ic L i cense in s t ead o f t h i s L i cense . But f i r s t , p l e a s e read
<http ://www. gnu . org / phi losophy /why−not− l g p l . html>.

48 graphgrow3/Main.hs

{−# LANGUAGE MultiParamTypeClasses , TypeFamilies , F lex ib l eContexts , ⤦
Ç Fore i gnFunct i on In te r f a ce #−}

module Main (main ) where

import Graphics . UI . Toy . Gtk . Prelude h id ing (D, bg , clamp , arrow , s i z e , with )
5

import q u a l i f i e d Graphics . UI . Gtk as G
import q u a l i f i e d Graphics . UI . Gtk .OpenGL as G

10 import Control .Monad (when , rep l i cateM , forM )
import Control .Monad . IO . Class ( l i f t I O )
import Data . IORef ( IORef , newIORef , readIORef , writeIORef , atomicModifyIORef )

import Data . Colour . RGBSpace (uncurryRGB)
15 import Data . Colour . RGBSpace .HSV ( hsv )

import Data . Colour .SRGB (sRGB, toSRGBBounded)
import Data . Fixed (mod ’ )

import Linear (V2 , V3 , M33, ( ! ∗ ! ) , norm , (ˆ−ˆ) , inv33 )
20 import Data . Foldable ( t oL i s t )

import Control . Lens ( view )
import Data .Map (Map)
import q u a l i f i e d Data .Map. S t r i c t as M

25 import q u a l i f i e d Data .Map. S t r i c t . Merge as M
import Data .Maybe (maybeToList )

import System . IO ( hFlush , stdout )

30 import Types
import Audio
import Video

type D = Draggable CairoDiagram −− every th ing needs be draggable
35

mkD : : V2 Double −> CairoDiagram −> D
mkD = mkDraggable

−− th ing s
40 data Thing = Background {−nextNodeID−}NID D | Node {− i sF ixedPos i t i on −}Bool NID D⤦

Ç D | Link LID D D D RID

−− v i s u a l r ep r e s en t a t i on
bg : : Int −> D
bg r = mkDraggable ( r2 (250 , 250) ) $ ( r e c t 500 500 # f c ( blend 0 .8 white (⤦

Ç ru l eCo lour r ) ) )
45
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node : : Int −> Bool −> V2 Double −> (D, D)
node r f i x ed p =

( mkDraggable p $ shape 5 # l c black # f c c o l
, mkDraggable p $ shape 12 # fcA ( co l ‘ withOpacity ‘ 0 . 5 )

50 )
where c o l = ru leCo lour r ; shape = i f f i x ed then square . ( ( p i /2) ∗) e l s e ⤦

Ç c i r c l e

l i n k : : Int −> V2 Double −> V2 Double −> (D, D, D)
l i n k r p@(V2 x0 y0 ) q@(V2 x1 y1 ) =

55 ( mkD pc $ c i r c l e 5 # l c black # f c c o l
, mkD pa $ arrow # s c a l e 3 # st rokeLocTra i l # l c black # f c c o l # ro ta t e a
, mkD (V2 0 0) $ P p ˜˜ P q # strokeP # l c c o l
)

where
60 c o l = ru leCo lour r

pc@(V2 cx cy ) = V2 ( ( x0+x1 ) /2) ( ( y0+y1 ) /2)
pa = V2 ( cx + 16 ∗ dx ) ( cy + 16 ∗ dy )
ux = x1 − x0
uy = y1 − y0

65 a = ( realToFrac $ atan2 uy ux ) @@ rad
l = case sq r t ( ux ∗ ux + uy ∗ uy ) o f

x | x == 0 −> 1
| otherwi s e −> x

dx = uy / l
70 dy = − ux / l

arrow = ( ‘ at ‘ p2 (0 , 0 ) ) . c l o s eT r a i l . f romVert i ce s . map p2 $ [ ( −3 , −1)⤦
Ç , (1 , −1) , (1 , −2) , ( 3 , 0 ) , ( 1 , 2 ) , ( 1 , 1 ) , ( −3 ,1) ]

−− ex t r a c t diagrams
tDiagram : : Thing −> [D]

75 tDiagram (Background d) = [ d ]
tDiagram (Node d1 d2 ) = [ d1 , d2 ] −− d1 i s inner core , d2 i s outer r i ng
tDiagram ( Link d1 d2 d3 ) = [ d1 , d2 , d3 ] −− d1 i s inner core , d3 i s l i n e , ⤦

Ç d2 i s arrow

−− what did a mouse event do
80 data Act

= Create NID
| Delete NID
| MoveStart NID
| Moving NID

85 | MoveStop NID
| LinkStart NID (V2 Double )
| Linking (V2 Double )
| LinkStop (Maybe (NID, (V2 Double ) ) )
| Adjust LID

90 | ReverseLink LID
| DeleteLink LID

−− what mode are we in
data Mode

95 = MMove NID −− moving a node
| MLink NID (V2 Double ) (V2 Double ) −− c r e a t i n g a l i n k

data State = State ( IORef (Map RID (Maybe G.Window , Toy State ) , IORef (Map RID ⤦

Ç Video , Map RID Audio ) ) ) RID (Maybe Mode) [ Thing ] Video Audio
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100 −− update l i n k s when nodes are moved or de l e t ed
r e s o r t : : [RID ] −> State −> State
r e s o r t r s ( State gs r m t s ) = State gs r m ts ’ t r s ad j s

where
ad j s = ( l ength nodes ,

105 [ ( i , j , l r , s , x )
| Link ( i , j ) l r <− l i nk s ’
, l e t Just p0 = M. lookup i p o s i t i o n s
, l e t Just p1 = M. lookup j p o s i t i o n s
, l e t s c a l e = norm ( node0Pos i t ion ˆ−ˆ node1Pos i t ion )

110 , l e t s = norm (p0 ˆ−ˆ p1 ) / s c a l e
, l e t x = ( view x ( l e r p 0 .5 p0 p1 ˆ−ˆ node0Pos i t ion ) / s c a l e − 0 . 5 ) ∗ 0 .5⤦

Ç + 0.5
] )

t r s =
[ ( c , s ca l eFactor , transformMatrix )

115 | Link i j@ ( i , j ) l r <− l i nk s ’
, l e t c = i f l r ‘ elem ‘ r s then l r e l s e 0
, l e t Just p0 = M. lookup i p o s i t i o n s
, l e t Just p1 = M. lookup j p o s i t i o n s
, l e t ( s ca l eFactor , transformMatrix ) = l inkTrans format ion p0 p1

120 ]
nodes = [ n | n@(Node {}) <− t s ]
−− s t r i p mu l t ip l e l i n k s between the same pa i r o f nodes (FIXME i s t h i s the ⤦

Ç best way?)
l i n k s = (M. elems . M. f romList ) [ ( s o r tPa i r i j , l ) | l@ ( Link i j ) <− ⤦

Ç t s ]
backg = [ b | b@(Background {}) <− t s ]

125 po s i t i o n s = M. f romList [ ( i , view dragOf f s e t d) | Node i d <− nodes ]
l i nk s ’ =

[ Link i j d1 d2 d3 c
| Link i j@ ( i , j ) l r <− l i n k s
, l e t c = i f l r ‘ elem ‘ r s then l r e l s e 0

130 , ( d1 , d2 , d3 ) <− maybeToList $
l i f tA 2 ( l i n k c ) (M. lookup i p o s i t i o n s ) (M. lookup j p o s i t i o n s )

]
ts ’ = nodes ++ l ink s ’ ++ backg

135 l inkTrans format ion : : V2 Double −> V2 Double −> (Double , M33 Double )
l inkTrans format ion p0@(V2 x0 y0 ) p1@(V2 x1 y1 ) = ( sca l eFactor , inv33 matrix )

where
s c a l e = norm ( node0Pos i t ion ˆ−ˆ node1Pos i t ion )
s ca l eFac to r = norm (p0 ˆ−ˆ p1 ) / s c a l e

140 ang le = −atan2 ( y1 − y0 ) ( x1 − x0 )
t r a n s l a t i o n = ( ( ( p0 + p1 ) ˆ/2) ˆ−ˆ ( ( node0Pos i t ion + node1Pos i t ion ) ˆ/2) ) ˆ/ ⤦

Ç s c a l e
matrix = transformRST angle s ca l eFac to r t r a n s l a t i o n

transformRST : : Double −> Double −> V2 Double −> M33 Double
145 transformRST a l (V2 x y ) = V3 (V3 c s x ) (V3 (− s ) c y ) (V3 0 0 1)

where
c = l ∗ cos a
s = l ∗ s i n a

150

−− mouse handl ing
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tMouse : : Int −> Maybe Mode −> Maybe ( Bool , Int ) −> V2 Double −> Thing −> (Maybe⤦
Ç Act , [ Thing ] )

−− l i n k i n g nodes
tMouse ( Just (MLink j q ) ) ( Just ( False , 0) ) p t@(Background ) ⤦

Ç = ( Just $ LinkStop Nothing , [ t⤦
Ç ] ) −− note : Background i s the l a s t Thing in the l i s t

155 tMouse ( Just (MLink j q ) ) ( Just ( False , 0) ) p t@(Node f i x ed i d1 d2 ) | j /= i ⤦
Ç && c l i c k I n s i d e d2 (P p) = ( Just $ LinkStop ( Just ( i , p ) ) , [ t ] )

tMouse ( Just (MLink j q ) ) ( Just ( False , 0) ) p t ⤦
Ç = (Nothing ⤦
Ç , [ t ] )

tMouse ( Just (MLink j q ) ) p t ⤦
Ç = ( Just $ ⤦
Ç Linking p , [ t ] )

−− ad ju s t i ng l i n k s
tMouse Nothing ( Just (True , 0) ) p ( Link i d1 d2 d3 r ) | ⤦

Ç c l i c k I n s i d e d1 (P p) = ( Just $ Adjust i , [ Link i d1 d2 ⤦
Ç d3 ( r + 1) ] )

160 | ⤦
Ç c l i c k I n s i d e⤦
Ç d2 ⤦
Ç (P p⤦
Ç ) ⤦
Ç ⤦

Ç = (⤦
Ç Just⤦
Ç $ ⤦
Ç ReverseLink⤦
Ç i , ⤦
Ç [⤦
Ç Link⤦
Ç (⤦
Ç swapPair⤦
Ç i ) ⤦
Ç d1 ⤦
Ç d2 ⤦
Ç d3 r⤦
Ç ] )

tMouse Nothing ( Just (True , 1) ) p ( Link i d1 d2 d3 ) | ⤦
Ç c l i c k I n s i d e d1 (P p) = ( Just $ DeleteLink i , [ ] )

−− moving nodes
tMouse Nothing m@( Just (True , 0) ) p t@(Node f i x ed i d1 d2 ) | ⤦

Ç c l i c k I n s i d e d1 (P p) && not f i x ed = ( Just $ MoveStart i , [ Node Fal se i ⤦
Ç (mouseDrag m q d1 ) (mouseDrag m q d2 ) ] )

| ⤦
Ç c l i c k I n s i d e⤦
Ç d2 ⤦
Ç (P p⤦
Ç ) ⤦
Ç ⤦

Ç = (⤦
Ç Just⤦
Ç $ ⤦
Ç LinkStart⤦
Ç i (⤦
Ç view⤦
Ç ⤦

117



graphgrow graphgrow3/Main.hs

Ç dragOf f s e t⤦
Ç d1 )⤦
Ç , [ t⤦
Ç ] ) ⤦
Ç ⤦

Ç where⤦
Ç q =⤦
Ç ⤦

Ç clamp⤦
Ç ’ p

165 tMouse ( Just (MMove j ) ) m@( Just ( False , 0) ) p (Node Fal se i d1 d2 ) | j == i ⤦
Ç = ( Just $ MoveStop i , [ Node Fal se i (⤦
Ç mouseDrag m q d1 ) (mouseDrag m q d2 ) ] ) where q = clamp ’ p

tMouse ( Just (MMove j ) ) m p (Node Fal se i d1 d2 ) | j == i ⤦
Ç = ( Just $ Moving i , [ Node Fal se i (⤦
Ç mouseDrag m q d1 ) (mouseDrag m q d2 ) ] ) where q = clamp ’ p

−− c r e a t i n g nodes
tMouse c Nothing ( Just (True , 0) ) p ( Background i d) ⤦

Ç = ( Just $ Create i , [ uncurry⤦
Ç (Node Fal se i ) ( node c Fa l se p) , Background ( i + 1) d ] )

tMouse Nothing ( Just (True , 1) ) p (Node Fa l se i d1 d2 ) | ⤦
Ç c l i c k I n s i d e d1 (P p) = ( Just $ Delete i , [ ] )

170 tMouse currentMode mouseEvent t@ thingToTest ⤦
Ç = (Nothing , [ t ] )

clamp ’ : : V2 Double −> V2 Double
clamp ’ (V2 x y ) = V2 ( c x ) ( c y ) where c z = 5 ‘max ‘ z ‘min ‘ 495

175 −− concatMap un t i l a th ing s i g n a l s something was done , then j u s t copy the r e s t
tMouses : : Int −> Maybe Mode −> Maybe ( Bool , Int ) −> V2 Double −> Maybe Act −> [⤦

Ç Thing ] −> (Maybe Act , [ Thing ] )
tMouses a@( Just ) ws = (a , ws )
tMouses Nothing [ ] = (Nothing , [ ] )
tMouses c d m p Nothing (w: ws ) =

180 l e t ( a , ws ’ ) = tMouse c d m p w
in (ws ’ ++) ‘ fmap ‘ tMouses c d m p a ws

type in s t ance N State = Double
type in s t ance V State = V2

185

graph : : IORef (Map RID (Maybe G.Window , Toy State ) , IORef (Map RID Video , Map ⤦
Ç RID Audio ) ) −> RID −> State

graph gs r = State gs r Nothing
[ uncurry (Node True 0) ( node r True node0Pos i t ion )
, uncurry (Node True 1) ( node r True node1Pos i t ion )

190 , Background 2 ( bg r )
] [ ] ( 2 , [ ] )

node0Pos i t ion : : V2 Double
node0Pos i t ion = V2 100 250

195

node1Pos i t ion : : V2 Double
node1Pos i t ion = V2 400 250

in s t ance I n t e r a c t i v e Gtk State where
200 mouse m p s@( State g0 c0 ) = do

r s <− (M. keys . f s t ) ‘ fmap ‘ readIORef g0

118



graphgrow graphgrow3/Main.hs

s ’ <− simpleMouse ( \m p ( State g c d t s t r s ad j s ) −> r e s o r t r s $ case (d , ⤦
Ç tMouses c d m p Nothing t s ) o f
−− moving nodes
( Nothing , ( Just (MoveStart i ) , ts ’ ) ) −> ⤦

Ç State g c ( Just (MMove i ) ) ts ’ t r s ad j s
205 ( Just (MMove j ) , ( Just (Moving i ) , ts ’ ) ) | j == i −> ⤦

Ç State g c ( Just (MMove i ) ) ts ’ t r s ad j s
( Just (MMove j ) , ( Just (MoveStop i ) , ts ’ ) ) | j == i −> ⤦

Ç State g c Nothing ts ’ t r s ad j s
−− l i n k i n g nodes
( Nothing , ( Just ( LinkStart i p ) , ts ’ ) ) −> ⤦

Ç State g c ( Just (MLink i p p) ) ts ’ t r s ad j s
( Just (MLink j q ) , ( Just ( Linking p ) , ts ’ ) ) −> ⤦

Ç State g c ( Just (MLink j q p) ) ts ’ t r s ad j s
210 ( Just (MLink j q ) , ( Just ( LinkStop ( Just ( i , p ) ) ) , ts ’ ) ) | j /= i −> ⤦

Ç State g c Nothing ( uncurry3 ( Link ( j , i ) ) ( l i n k c q p) c : ts ’ ) ⤦
Ç t r s ad j s

( Just (MLink j q ) , ( Just ( LinkStop Nothing ) , ts ’ ) ) −> ⤦

Ç State g c Nothing ts ’ t r s ad j s
−− everyth ing e l s e
( , ( , ts ’ ) ) −> State g c Nothing ts ’ t r s ad j s

) m p s
215 case s ’ o f

State g1 t r s ad j s −> do
t r s r e f <− snd ‘ fmap ‘ readIORef g1
( trsmap , adjmap ) <− readIORef t r s r e f
writeIORef t r s r e f (M. i n s e r t c0 t r s trsmap , M. i n s e r t c0 ad j s adjmap )

220 re turn s ’

i n s t ance Diagrammable Cairo V2 Double Any State where
diagram ( State m t s ) = mconcat . map diagram $ modeDiagram ++ ⤦

Ç concatMap tDiagram t s
where

225 modeDiagram = case m of
Just (MLink p q ) −> [mkD (V2 0 0) $ P p ˜˜ P q # strokeP # l c black ]
−> [ ]

i n s t ance GtkDisplay State where
230 d i sp l ay = displayDiagram diagram

main : : IO ( )
main = do

G. initGUI
235 t rans forms <− newIORef (M. empty , M. empty )

graphsRef <− newIORef (M. empty , t rans forms )
window <− G.windowNew
G. onDestroy window G. mainQuit
G. s e t window [G. windowTitle G. := ”GG” ]

240 G. windowSetDefaultSize window 10 10
G. windowSetTypeHint window G.WindowTypeHintDialog
box <− G. hButtonBoxNew

v i s <− videoNew ( f s t <$> readIORef t rans forms )
245 vbutton <− G. buttonNewWithLabel ”V”

vbutton ‘G. on ‘ G. buttonActivated $ do
G. windowPresent v i s
re turn ( )
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G. containerAdd box vbutton
250

( audio , audioQuit ) <− audioNew ( snd <$> readIORef t rans forms )
G. timeoutAddFull ( audio >> re turn True ) G. p r i o r i t yD e f a u l t I d l e 100

button <− G. buttonNewWithLabel ”+”
255 button ‘G. on ‘ G. buttonActivated $ do

graphs <− f s t ‘ fmap ‘ readIORef graphsRef
l e t r = maybe 0 ( succ . f s t . f s t ) (M.maxViewWithKey graphs )

gco l = uncurryRGB G. Color $ toSRGBBounded ( ru l eCo lour r )
g <− newToy ( graph graphsRef r )

260 writeIORef graphsRef (M. i n s e r t r ( Nothing , g ) graphs , t rans forms )
b <− G. buttonNew
forM [G. StateNormal , G. StateAct ive , G. S ta t ePre l i gh t , G. Sta teSe l e c t ed , G.⤦

Ç S t a t e I n s e n s i t i v e ] $ \ s −>
G. widgetModifyBg b s gco l

b ‘G. on ‘ G. buttonActivated $ do
265 graphs <− f s t ‘ fmap ‘ readIORef graphsRef

case M. lookup r graphs o f
Just ( Just w, g ) −> G. windowPresent{−WithTime−} w
Just ( Nothing , g ) −> do

w <− G.windowNew
270 w ‘G. on ‘ G. de le teEvent $ do

l i f t I O $ G. widgetHide w
return True

writeIORef graphsRef (M. i n s e r t r ( Just w, g ) graphs , t rans forms )
G. windowSetGeometryHints w ( Nothing ‘ asTypeOf ‘ Just w) ( Just (500 , ⤦

Ç 500) ) ( Just (500 , 500) ) Nothing Nothing Nothing
275 G. s e t w [G. conta ine rCh i ld G. := toyWindow g , G. windowTitle G. := ”GG#” ⤦

Ç ++ show r ]
G. widgetShowAll w
−> re turn ( )

G. containerAdd box b
G. widgetShowAll window

280

G. containerAdd box button
G. containerAdd window box
G. widgetShowAll window

285 G.mainGUI
audioQuit

phi : : Double
phi = ( sq r t 5 + 1) / 2

290

ru l eCo lour : : Int −> Colour Double
ru l eCo lour r = uncurryRGB sRGB $ hsv (360 ∗ ( ( phi ∗ f r omInteg ra l r ) ‘mod ’ ‘ 1) ) 1⤦

Ç 1

49 graphgrow3/pitchshift˜.pd

#N canvas 77 85 502 515 10 ;
#X obj 113 278 cos ˜ ;
#X obj 113 305 ∗˜ ;
#X obj 113 334 +˜;

5 #X obj 282 196 wrap ˜ ;
#X obj 282 288 cos ˜ ;
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#X obj 282 315 ∗˜ ;
#X obj 282 169 +˜ 0 . 5 ;
#X obj 113 226 −˜ 0 . 5 ;

10 #X obj 113 252 ∗˜ 0 . 5 ;
#X obj 282 227 −˜ 0 . 5 ;
#X obj 282 260 ∗˜ 0 . 5 ;
#X obj 114 110 phasor ˜ ;
#X obj 115 59 i n l e t ˜ ;

15 #X obj 345 290 vd˜ \$0−de l ;
#X obj 176 278 vd˜ \$0−de l ;
#X obj 112 361 ou t l e t ˜ ;
#X obj 13 7 i n l e t ˜ ;
#X obj 345 261 +˜ 2 ;

20 #X obj 176 252 +˜ 2 ;
#X obj 345 228 ∗˜ 50 ;
#X obj 176 226 ∗˜ 50 ;
#X obj 114 84 expr ˜ (1−exp ( $v1 ∗0 .05776) ) ∗1000.0/ $ f 2 ;
#X obj 379 35 loadbang ;

25 #X msg 376 61 20 ;
#X obj 12 34 de lw r i t e ˜ \$0−de l 25 ;
#X connect 0 0 1 0 ;
#X connect 1 0 2 0 ;
#X connect 2 0 15 0 ;

30 #X connect 3 0 9 0 ;
#X connect 3 0 19 0 ;
#X connect 4 0 5 0 ;
#X connect 5 0 2 1 ;
#X connect 6 0 3 0 ;

35 #X connect 7 0 8 0 ;
#X connect 8 0 0 0 ;
#X connect 9 0 10 0 ;
#X connect 10 0 4 0 ;
#X connect 11 0 7 0 ;

40 #X connect 11 0 6 0 ;
#X connect 11 0 20 0 ;
#X connect 12 0 21 0 ;
#X connect 13 0 5 1 ;
#X connect 14 0 1 1 ;

45 #X connect 16 0 24 0 ;
#X connect 17 0 13 0 ;
#X connect 18 0 14 0 ;
#X connect 19 0 17 0 ;
#X connect 20 0 18 0 ;

50 #X connect 21 0 11 0 ;
#X connect 22 0 23 0 ;
#X connect 23 0 21 1 ;
#X connect 23 0 19 1 ;
#X connect 23 0 20 1 ;

50 graphgrow3/README.md

# GraphGrow3

graph−d i r e c t ed i t e r a t e d func t i on system f r a c t a l s

5 node ed i t o r with a ud i o v i s u a l i s a t i o n
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## Requirements

At runtime you need Pure−data execu tab l e s ‘pd ‘ and ‘ pdsend ‘ which should be in
10 your ‘PATH‘ . Conf igure your ‘ ˜ / . pdrc ‘ so that the c o r r e c t audio dev i c e and

sample ra t e i s s e t automat i ca l l y . ‘pd ‘ w i l l l i s t e n on network port ‘6060 ‘ to
r e c e i v e messages from ‘ graphgrow3 ‘ . To bu i ld ‘ graphgrow3 ‘ you need ‘ ghc −8 . 0 . 1 ‘
( other ‘ ghc ‘ v e r s i on s are untested ) and recent ‘ cabal − i n s t a l l ‘ ( support ing
sandboxes ) . The v i s u a l i s a t i o n uses OpenGL, hardware a c c e l e r a t i o n e s s e n t i a l .

15

## Quick s t a r t

g i t c l one https : // code . mathr . co . uk/toy− i n t e r f a c e . g i t
g i t c l one https : // code . mathr . co . uk/toy−diagrams . g i t

20 g i t c l one https : // code . mathr . co . uk/toy−gtk . g i t
g i t c l one https : // code . mathr . co . uk/toy−gtk−diagrams . g i t
g i t c l one https : // code . mathr . co . uk/graphgrow . g i t
cd graphgrow/graphgrow3
caba l sandbox i n i t

25 caba l sandbox add− source . . / . . / toy −∗/
caba l i n s t a l l
. cabal −sandbox/bin /graphgrow3

## Usage
30

On star tup the v i s u a l i s a t i o n window ”GG#V” i s d i sp layed , a long with the ”GG”
too lba r . The ”V” button reshows the v i s u a l i s a t i o n i f i t i s c l o s ed . The ”+”
button adds a new ru le , which are co l ou r coded . C l i ck ing the co loured ru l e
buttons opens the ed i t o r f o r each ru l e . A l l windows apart from the ”GG” too lba r

35 can be c l o s ed and re −opened l a t e r .

In the ru l e ed i to r , l e f t − c l i c k on empty space c r e a t e s a new node . Nodes can be
l e f t −mouse dragged by t h e i r c en t e r s to move them , and nodes are de l e t ed with a
r ight − c l i c k . Left −mouse dragging between the outer r i n g s o f two nodes c r e a t e s

40 a l i n k . Links are de l e t ed by r ight − c l i c k i n g on t h e i r c en t e r . The d i r e c t i o n o f
a l i n k can be r eve r s ed by l e f t − c l i c k i n g on the arrow . Left − c l i c k i n g on the
cente r o f a l i n k changes the t a r g e t r u l e f o r that l ink , c y c l i n g through the
a v a i l a b l e r u l e s .

45 The square nodes are f ixed , and correspond to the i d e n t i t y t rans fo rmat ion ( i f
the re were a l i n k between them , but see bugs below ) .

## Bugs

50 Links l onge r than a b i t l e s s than one un i t ( the l ength between the two f i x ed
square nodes ) slow down render ing a l o t and might cause a den i a l o f s e r v i c e to
your desktop s e s s i o n .

Adding more than 4 r u l e s may break v i s u a l i s a t i o n .
55

Adding more than 8 r u l e s may break s o n i f i c a t i o n .

Untested on anything apart from GNU/Linux/Debian/Test ing /amd64 .

51 graphgrow3/rule˜.pd

#N canvas 3 113 450 300 10 ;
#X obj 44 200 compress ˜ 48 ;
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#X obj 76 55 no i s e ˜ ;
#X obj 76 77 ∗˜ 1e −06;

5 #X obj 43 175 lop ˜ 5000 ;
#X obj 43 153 hip ˜ 25 ;
#X obj 321 23 loadbang ;
#X obj 321 45 f \$1 ;
#X obj 73 228 throw˜ OUT− l ;

10 #X obj 44 97 s ˜ RULE−\$1− l ;
#X obj 43 131 catch ˜ RULE−\$1− l ;
#X obj 167 176 lop ˜ 5000 ;
#X obj 167 154 hip ˜ 25 ;
#X obj 167 132 catch ˜ RULE−\$1−r ;

15 #X obj 174 228 throw˜ OUT−r ;
#X obj 183 68 no i s e ˜ ;
#X obj 183 90 ∗˜ 1e −06;
#X obj 151 110 s ˜ RULE−\$1−r ;
#X obj 164 200 compress ˜ 48 ;

20 #X obj 321 89 + 2 ;
#X obj 321 67 ∗ 0 . 1 ;
#X obj 154 46 de l r ead ˜ RULE−\$1−r 2 ;
#X obj 43 24 de l r ead ˜ RULE−\$1− l 2 ;
#X obj 128 279 de lw r i t e ˜ RULE−\$1−r 5 ;

25 #X obj 42 255 de lw r i t e ˜ RULE−\$1− l 5 ;
#X connect 0 0 7 0 ;
#X connect 0 0 23 0 ;
#X connect 1 0 2 0 ;
#X connect 2 0 8 0 ;

30 #X connect 3 0 0 0 ;
#X connect 4 0 3 0 ;
#X connect 5 0 6 0 ;
#X connect 6 0 19 0 ;
#X connect 9 0 4 0 ;

35 #X connect 10 0 17 0 ;
#X connect 11 0 10 0 ;
#X connect 12 0 11 0 ;
#X connect 14 0 15 0 ;
#X connect 15 0 16 0 ;

40 #X connect 17 0 13 0 ;
#X connect 17 0 22 0 ;
#X connect 18 0 20 0 ;
#X connect 18 0 21 0 ;
#X connect 19 0 18 0 ;

45 #X connect 20 0 16 0 ;
#X connect 21 0 8 0 ;

52 graphgrow3/Setup.hs

import D i s t r i bu t i on . Simple
main = defaultMain

53 graphgrow3/step.frag

#ver s i on 130
#de f i n e MAXCOUNT 16
uniform f l o a t er ;
uniform in t count ;
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5 uniform mat3 trans form [MAXCOUNT] ;
uniform f l o a t s ca l eFac to r [MAXCOUNT] ;
uniform f l o a t source [MAXCOUNT] ;
uniform f l o a t l ay e r ;

10 uniform sampler2DArray s r c ;

in vec2 texCoord ;

out vec4 co l our ;
15

void main ( ) {
vec2 p0 = er ∗ atanh ( texCoord ∗ 2 .0 − vec2 ( 1 . 0 ) ) ;
f l o a t escape = −1000.0 ;
f l o a t f a c t o r = 1 . 0 ;

20 f o r ( i n t i = 0 ; i < count && i < MAXCOUNT; ++i ) {
vec3 p = transform [ i ] ∗ vec3 (p0 , 1 . 0 ) ;
vec2 q = p . xy / p . z ;
f l o a t l = length (q ) ;
i f ( l < er ) {

25 vec2 z = texture ( src , vec3 ( ( tanh ( clamp (q / er , −vec2 ( 4 . 0 ) , vec2 ( 4 . 0 ) ) ) + ⤦
Ç vec2 ( 1 . 0 ) ) / 2 . 0 , source [ i ] ) ) . xy ;

i f ( escape < z . x ) { escape = z . x ; f a c t o r = 1 .0/ s ca l eFac to r [ i ] ∗ z . y ; }
}

}
escape += 1 . 0 ;

30 vec2 z = texture ( src , vec3 ( texCoord , l a y e r ) ) . xy ;
i f ( escape > z . x ) {

z . x = escape ;
z . y = f a c t o r ;

}
35 co l our = vec4 ( z , 0 . 0 , 0 . 0 ) ;

}

54 graphgrow3/step.vert

#ver s i on 130

out vec2 texCoord ;

5 void main ( ) {
switch ( g l VertexID ) {

de f au l t :
case 0 :

g l P o s i t i o n = vec4 ( −1 .0 , −1.0 , 0 . 0 , 1 . 0 ) ;
10 texCoord = vec2 ( 0 . 0 , 0 . 0 ) ;

break ;
case 1 :

g l P o s i t i o n = vec4 ( 1 . 0 , −1.0 , 0 . 0 , 1 . 0 ) ;
texCoord = vec2 ( 1 . 0 , 0 . 0 ) ;

15 break ;
case 2 :

g l P o s i t i o n = vec4 ( −1 .0 , 1 . 0 , 0 . 0 , 1 . 0 ) ;
texCoord = vec2 ( 0 . 0 , 1 . 0 ) ;
break ;

20 case 3 :
g l P o s i t i o n = vec4 ( 1 . 0 , 1 . 0 , 0 . 0 , 1 . 0 ) ;
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texCoord = vec2 ( 1 . 0 , 1 . 0 ) ;
break ;

}
25 }

55 graphgrow3/Types.hs

module Types where

import Data . Foldable ( t oL i s t )
import Linear (M33)

5

−− ru le , node and l i n k i d s
type RID = Int
type NID = Int
type LID = (NID, NID)

10

swapPair : : ( a , b ) −> (b , a )
swapPair ( a , b ) = (b , a )

s o r tPa i r : : Ord a => ( a , a ) −> ( a , a )
15 s o r tPa i r ab@(a , b) = i f a <= b then ab e l s e (b , a )

uncurry3 : : ( a −> b −> c −> r ) −> ( a , b , c ) −> r
uncurry3 f ( a , b , c ) = f a b c

20 t oL i s t s : : M33 a −> [ [ a ] ]
t oL i s t s = map toL i s t . t oL i s t

56 graphgrow3/video/.gitignore

graphgrow−video
graphgrow−video − t e s t

57 graphgrow3/video/graphgrow-video.cc

#inc lude <a s s e r t . h>
#inc lude <complex . h>
#inc lude <math . h>
#inc lude <s t d i o . h>

5 #inc lude <s t d l i b . h>
#inc lude <s t r i n g . h>
#inc lude <uni s td . h>

#inc lude <GL/glew . h>
10 #inc lude <GLFW/gl fw3 . h>

#inc lude <l o / l o . h>

// 1428 bytes < 1500 MTU
15 s t r u c t c on t r o l

{
i n t 3 2 t a c t i v e ;
i n t 3 2 t count [ 4 ] ;
i n t 3 2 t source [ 4 ] [ 8 ] ;

20 f l o a t s c a l e [ 4 ] [ 8 ] ;
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f l o a t trans form [ 4 ] [ 8 ] [ 3 ] [ 3 ] ;
} ;

#de f i n e FPS 30
25 #de f i n e WIDTH 1920

#de f i n e HEIGHT 1080
#de f i n e SKIP 1
#de f i n e SCALE 1
#de f i n e MIPMAP 3

30 #de f i n e QUALITY 10

s t a t i c s t r u c t {
i n t running ;
s t r u c t c on t r o l c on t r o l ;

35 // graph i c s
i n t which ;
GLuint fbo [ 1 1 ] ;
GLuint program [ 5 ] ;
GLint p0which ;

40 GLint p0qua l i ty ;
GLint p0anim ;
GLint p0source ;
GLint p0count ;
GLint p1which ;

45 GLint p1qua l i ty ;
GLint p1 layer ;
GLint p3count ;
GLint p3p ;
GLint p3q ;

50 GLint p4icount ;
GLint p4hcount ;
GLuint pbo [ 3 ] ;

} S ;

55 void e r ro r cb ( i n t num, const char ∗msg , const char ∗path )
{

f p r i n t f ( s tde r r , ” l i b l o s e r v e r e r r o r %d in path %s : %s \n” , num, path , msg) ;
}

60 i n t v ideocb ( const char ∗path , const char ∗ types , l o a r g ∗∗argv , i n t argc , void ∗⤦
Ç message , void ∗ use r data )

{
const i n t bytes = s i z e o f (S . c on t r o l ) ;
i n t s i z e = argv [0]−> blob . s i z e ;
void ∗data = &argv [0]−> blob . data ;

65 i f ( s i z e == bytes )
memcpy(&S . cont ro l , data , bytes ) ;

r e turn 0 ;
( void ) path ;
( void ) types ;

70 ( void ) argc ;
( void ) message ;
( void ) use r data ;

}

75 i n t qu i tcb ( const char ∗path , const char ∗ types , l o a r g ∗∗argv , i n t argc , void ∗⤦
Ç message , void ∗ use r data )
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{
S . running = 0 ;
re turn 0 ;
( void ) path ;

80 ( void ) types ;
( void ) argv ;
( void ) argc ;
( void ) message ;
( void ) use r data ;

85 }

s t a t i c const char ∗ s t e p v e r t =
”#ve r s i on 330 core \n”
” layout ( l o c a t i o n = 0) in vec2 pos ;\n”

90 ” layout ( l o c a t i o n = 1) in vec2 tc ;\n”
”out vec2 coord ;\n”
” void main ( ) {\n”
” g l P o s i t i o n = vec4 ( pos , 0 . 0 , 1 . 0 ) ;\n”
” coord = vec2 ( tc . x , 1 . 0 − tc . y ) ;\n”

95 ”}\n”
;

s t a t i c const char ∗ s t e p f r a g =
”#ve r s i on 330 core \n”

100 ”#de f i n e MAXCOUNT 8\n”
”uniform sampler2DArray which ;\n”
”uniform in t qua l i t y ;\n”
”uniform in t l ay e r ;\n”
”uniform in t count ;\n”

105 ”uniform mat3 trans form [MAXCOUNT] ; \ n”
”uniform in t source [MAXCOUNT] ; \ n”
” in vec2 coord ;\n”
” layout ( l o c a t i o n = 0) out vec3 co l our ;\n”
” const vec3 [ 4 ] shade = vec3 [ 4 ] \ n”

110 ” ( vec3 ( 1 . 0 0 , 0 . 95 , 0 . 90 ) \n”
” , vec3 ( 0 . 9 5 , 1 . 00 , 0 . 90 ) \n”
” , vec3 ( 0 . 9 0 , 0 . 95 , 1 . 00 ) \n”
” , vec3 ( 0 . 9 5 , 0 . 90 , 1 . 00 ) \n”
” ) ;\n”

115 ”vec2 fromSquare ( vec2 z ) {\n”
” return clamp ( atanh ( 2 . 0 ∗ z − vec2 ( 1 . 0 ) ) , −4.0 , 4 . 0 ) ;\n”
”}”
”vec2 toSquare ( vec2 z ) {\n”
” return ( tanh ( clamp ( z , −4.0 , 4 . 0 ) ) + vec2 ( 1 . 0 ) ) / 2 . 0 ; \ n”

120 ”}\n”
” f l o a t gain ( vec2 z , vec2 z0 ) {\n”
” vec4 d0 = vec4 (dFdx( z ) , dFdy( z ) ) ;\n”
” vec4 d1 = vec4 (dFdx( z0 ) , dFdy( z0 ) ) ;\n”
” return dot (d1 , d1 ) / dot (d0 , d0 ) ;\n”

125 ”}\n”
”vec3 lookup ( vec2 z , vec2 z0 , f l o a t l ) {\n”
” vec2 w = toSquare ( z ) ;\n”
” return gain ( z , z0 ) ∗ t ex ture (which , vec3 (w, l ) ) . rgb ;\n”
”}\n”

130 ” void main ( ) {\n”
” vec3 [ 4 ] l e v e l s = vec3 [ 4 ] \ n”
” ( t exe lFetch (which , i v e c3 (0 , 0 , 0 ) , qua l i t y ) . rgb\n”
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” , t exe lFetch (which , i v e c3 (0 , 0 , 1 ) , qua l i t y ) . rgb\n”
” , t exe lFetch (which , i v e c3 (0 , 0 , 2 ) , qua l i t y ) . rgb\n”

135 ” , t exe lFetch (which , i v e c3 (0 , 0 , 3 ) , qua l i t y ) . rgb\n”
” ) ;\n”
” f l o a t [ 4 ] l e v e l = f l o a t [ 4 ] \ n”
” ( max(max( l e v e l s [ 0 ] . r , l e v e l s [ 0 ] . g ) , l e v e l s [ 0 ] . b ) \n”
” , max(max( l e v e l s [ 1 ] . r , l e v e l s [ 1 ] . g ) , l e v e l s [ 1 ] . b ) \n”

140 ” , max(max( l e v e l s [ 2 ] . r , l e v e l s [ 2 ] . g ) , l e v e l s [ 2 ] . b ) \n”
” , max(max( l e v e l s [ 3 ] . r , l e v e l s [ 3 ] . g ) , l e v e l s [ 3 ] . b ) \n”
” ) ;\n”
” vec2 z = fromSquare ( coord ) ;\n”
” vec3 t o t a l = vec3 ( 0 . 0 01 ) ;\n”

145 ” f o r ( i n t i = 0 ; i < count && i < MAXCOUNT; ++i ) {\n”
” vec3 w = transform [ i ] ∗ vec3 ( z , 1 . 0 ) ;\n”
” t o t a l += shade [ source [ i ] ] ∗ lookup (w. xy / w. z , coord , f l o a t ( source [ i ] ) ) / ⤦

Ç l e v e l [ source [ i ] ] ; \ n”
” }\n”
” co l our = clamp ( to ta l , 0 . 0 , 16777216 .0) ;\n”

150 ”}\n”
;

s t a t i c const char ∗ show vert =
”#ve r s i on 330 core \n”

155 ”uniform in t qua l i t y ;\n”
”uniform f l o a t aspect ;\n”
” layout ( l o c a t i o n = 0) in vec2 pos ;\n”
” layout ( l o c a t i o n = 1) in vec2 tc ;\n”
”out vec2 coord ;\n”

160 ” void main ( ) {\n”
” g l P o s i t i o n = vec4 ( pos , 0 . 0 , 1 . 0 ) ;\n”
” coord = 2 .0 ∗ vec2 ( ( tc . x − 0 . 5 ) , ( 0 . 5 − tc . y ) / aspect ) ;\n”
”}\n”
;

165

s t a t i c const char ∗ show frag =
”#ve r s i on 330 core \n”
”uniform sampler2DArray which ;\n”
”uniform f l o a t l e v e l ;\n”

170 ”uniform in t l ay e r ;\n”
” in vec2 coord ;\n”
” layout ( l o c a t i o n = 0) out vec4 co l our ;\n”
”vec2 toSquare ( vec2 z ) {\n”
” return ( tanh ( clamp ( z , −4.0 , 4 . 0 ) ) + vec2 ( 1 . 0 ) ) / 2 . 0 ; \ n”

175 ”}\n”
” void main ( ) {\n”
” vec3 c = texture (which , vec3 ( toSquare ( coord ) , f l o a t ( l a y e r ) ) ) . rgb ;\n”
” co l our = vec4 ( c , dot ( vec3 ( 1 . 0 / 3 . 0 ) , c ) ) ;\n”
”}\n”

180 ;

s t a t i c const char ∗ t one ve r t =
”#ve r s i on 330 core \n”
” layout ( l o c a t i o n = 0) in vec2 pos ;\n”

185 ” layout ( l o c a t i o n = 1) in vec2 tc ;\n”
”out vec2 coord ;\n”
” void main ( ) {\n”
” g l P o s i t i o n = vec4 ( pos , 0 . 0 , 1 . 0 ) ;\n”
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” coord = vec2 ( tc . x , tc . y ) ;\n”
190 ”}\n”

;

s t a t i c const char ∗ t on e f r a g =
”#ve r s i on 330 core \n”

195 ”uniform sampler2D source ;\n”
” in vec2 coord ;\n”
” layout ( l o c a t i o n = 0) out vec4 co l our ;\n”
” void main ( ) {\n”
” vec4 v = texture ( source , coord ) ;\n”

200 ” co l our = vec4 (pow(v . a , 4 . 0 ) ∗ v . rgb / max(max(v . r , v . g ) , v . b ) , 1 . 0 ) ;\n”
”}\n”
;

s t a t i c const char ∗ sort comp =
205 ”#ve r s i on 440 core \n”

” layout ( l o c a l s i z e x = 1024) in ;\n”
” layout ( std430 , b inding = 0) bu f f e r s r c {\n”
” r e s t r i c t readonly f l o a t s r cdata [ ] ; \ n”
”} ;\n”

210 ” layout ( std430 , b inding = 1) bu f f e r dst {\n”
” r e s t r i c t wr i t eon ly f l o a t dstdata [ ] ; \ n”
”} ;\n”
”uniform uint count ;\n”
”uniform uint p ;\n”

215 ”uniform uint q ;\n”
” void main ( ) {\n”
” u int i = g l Globa l Invocat ion ID . x ;\n”
” u int d = 1u << (p − q ) ;\n”
” i f ( ( i & d) == 0 && i < count ) {\n”

220 ” f l o a t a = srcdata [ i ] ; \ n”
” i f ( ( i | d) < count ) {\n”
” bool up = ( ( i >> p) & 2) == 0;\n”
” f l o a t b = srcdata [ i | d ] ; \ n”
” i f ( ( a > b) == up) {\n”

225 ” f l o a t t = a ; a = b ; b = t ;\n”
” }\n”
” dstdata [ i | d ] = b ;\n”
” }\n”
” dstdata [ i ] = a ;\n”

230 ” }\n”
”}\n”
;

s t a t i c const char ∗ look comp =
235 ”#ve r s i on 440 core \n”

” layout ( l o c a l s i z e x = 1024) in ;\n”
” layout ( std430 , b inding = 0) bu f f e r img {\n”
” r e s t r i c t readonly f l o a t imgdata [ ] ; \ n”
”} ;\n”

240 ” layout ( std430 , b inding = 1) bu f f e r hst {\n”
” r e s t r i c t readonly f l o a t hstdata [ ] ; \ n”
”} ;\n”
” layout ( std430 , b inding = 2) bu f f e r dst {\n”
” r e s t r i c t wr i t eon ly f l o a t dstdata [ ] ; \ n”

245 ”} ;\n”
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”uniform uint i count ;\n”
”uniform uint hcount ;\n”
” void main ( ) {\n”
” u int i = g l Globa l Invocat ion ID . x ;\n”

250 ” i f ( i < i count ) {\n”
” f l o a t x = imgdata [ 4 ∗ i + 3 ] ; \ n”
” u int l = 0 ;\n”
” u int r = hcount ;\n”
” u int m = ( l + r ) / 2 ;\n”

255 ” f o r ( u int p = 0 ; p < 24 ; ++p) {\n”
” i f ( r < l + 64) {\n”
” break ;\n”
” }\n”
” f l o a t y = hstdata [m] ; \ n”

260 ” i f ( x < y ) {\n”
” r = m;\n”
” m = ( l + r ) / 2 ;\n”
” cont inue ;\n”
” } e l s e i f ( x > y ) {\n”

265 ” l = m;\n”
” m = ( l + r ) / 2 ;\n”
” cont inue ;\n”
” } e l s e {\n”
” break ;\n”

270 ” }\n”
” }\n”
” dstdata [ 4 ∗ i + 0 ] = imgdata [ 4 ∗ i + 0 ] ; \ n”
” dstdata [ 4 ∗ i + 1 ] = imgdata [ 4 ∗ i + 1 ] ; \ n”
” dstdata [ 4 ∗ i + 2 ] = imgdata [ 4 ∗ i + 2 ] ; \ n”

275 ” dstdata [ 4 ∗ i + 3 ] = f l o a t (m) / f l o a t ( hcount ) ;\n”
” }\n”
”}\n”
;

280 s t a t i c void debug program (GLuint program , const char ∗name) {
i f ( program ) {

GLint l i nked = GL FALSE;
glGetProgramiv ( program , GL LINK STATUS, &l inked ) ;
i f ( l i nked != GL TRUE) {

285 f p r i n t f ( s tde r r , ”%s : OpenGL shader program l i n k f a i l e d \n” , name) ;
}
GLint l ength = 0 ;
glGetProgramiv ( program , GL INFO LOG LENGTH, &length ) ;
char ∗ bu f f e r = ( char ∗) mal loc ( l ength + 1) ;

290 glGetProgramInfoLog ( program , length , 0 , bu f f e r ) ;
bu f f e r [ l ength ] = 0 ;
i f ( bu f f e r [ 0 ] ) {

f p r i n t f ( s tde r r , ”%s : OpenGL shader program in f o l og \n” , name) ;
f p r i n t f ( s tde r r , ”%s \n” , bu f f e r ) ;

295 }
f r e e ( bu f f e r ) ;
a s s e r t ( l i nked == GL TRUE) ;

} e l s e {
f p r i n t f ( s tde r r , ”%s : OpenGL shader program c r e a t i on f a i l e d \n” , name) ;

300 }
}
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s t a t i c void debug shader (GLuint shader , GLenum type , const char ∗name) {
const char ∗tname = 0 ;

305 switch ( type ) {
case GL VERTEX SHADER: tname = ” vertex ” ; break ;
case GL FRAGMENT SHADER: tname = ” fragment ” ; break ;
case GL COMPUTE SHADER: tname = ”compute ” ; break ;
d e f au l t : tname = ”unknown ” ; break ;

310 }
i f ( shader ) {

GLint compiled = GL FALSE;
g lGetShader iv ( shader , GL COMPILE STATUS, &compiled ) ;
i f ( compiled != GL TRUE) {

315 f p r i n t f ( s tde r r , ”%s : OpenGL %s shader compi le f a i l e d \n” , name , tname ) ;
}
GLint l ength = 0 ;
g lGetShader iv ( shader , GL INFO LOG LENGTH, &length ) ;
char ∗ bu f f e r = ( char ∗) mal loc ( l ength + 1) ;

320 glGetShaderInfoLog ( shader , length , 0 , bu f f e r ) ;
bu f f e r [ l ength ] = 0 ;
i f ( bu f f e r [ 0 ] ) {

f p r i n t f ( s tde r r , ”%s : OpenGL %s shader i n f o l og \n” , name , tname ) ;
f p r i n t f ( s tde r r , ”%s \n” , bu f f e r ) ;

325 }
f r e e ( bu f f e r ) ;
a s s e r t ( compiled == GL TRUE) ;

} e l s e {
f p r i n t f ( s tde r r , ”%s : OpenGL %s shader c r e a t i on f a i l e d \n” , name , tname ) ;

330 }
}

s t a t i c void compi l e shader (GLint program , GLenum type , const char ∗name , const ⤦
Ç GLchar ∗ source ) {

GLuint shader = glCreateShader ( type ) ;
335 glShaderSource ( shader , 1 , &source , 0) ;

glCompileShader ( shader ) ;
debug shader ( shader , type , name) ;
glAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

340 }

s t a t i c GLint compile program ( const char ∗name , const GLchar ∗vert , const GLchar ⤦
Ç ∗ f r a g ) {

GLint program = glCreateProgram ( ) ;
i f ( ve r t ) { compi l e shader ( program , GL VERTEX SHADER , name , ve r t ) ; }

345 i f ( f r a g ) { compi l e shader ( program , GL FRAGMENT SHADER, name , f r a g ) ; }
glLinkProgram ( program ) ;
debug program ( program , name) ;
r e turn program ;

}
350

s t a t i c GLint compile compute ( const char ∗name , const GLchar ∗comp) {
GLint program = glCreateProgram ( ) ;
i f (comp) { compi l e shader ( program , GL COMPUTE SHADER, name , comp) ; }
glLinkProgram ( program ) ;

355 debug program ( program , name) ;
r e turn program ;

}

131



graphgrow graphgrow3/video/graphgrow-video.cc

s t a t i c void key p r e s s hand l e r (GLFWwindow ∗window , i n t key , i n t scancode , i n t ⤦
Ç act ion , i n t mods) {

360 ( void ) key ;
( void ) scancode ;
( void ) ac t i on ;
( void ) mods ;
glfwSetWindowShouldClose (window , GL TRUE) ;

365 }

s t a t i c GLFWwindow ∗ create window ( i n t major , i n t minor , i n t width , i n t height , ⤦
Ç const char ∗ t i t l e ) {

glfwWindowHint (GLFWCONTEXTVERSIONMAJOR, major ) ;
glfwWindowHint (GLFWCONTEXT VERSIONMINOR, minor ) ;

370 glfwWindowHint (GLFWOPENGLFORWARDCOMPAT, GL TRUE) ;
glfwWindowHint (GLFW OPENGL PROFILE, GLFWOPENGL CORE PROFILE) ;
glfwWindowHint (GLFWOPENGLDEBUGCONTEXT, GL TRUE) ;
glfwWindowHint (GLFW RESIZABLE, GL FALSE) ;
glfwWindowHint (GLFWDECORATED, GL FALSE) ;

375 GLFWwindow ∗window = glfwCreateWindow (width , height , t i t l e , 0 , 0) ;
i f ( ! window) {

f p r i n t f ( s tde r r , ” couldn ’ t c r e a t e window with OpenGL core %d.%d context \n” , ⤦
Ç major , minor ) ;

}
a s s e r t (window) ;

380 re turn window ;
}

s t a t i c i n t debug er ro r count = 0 ;
s t a t i c void debug ca l lback (GLenum source , GLenum type , GLuint id , GLenum ⤦

Ç s ev e r i t y , GLs ize i length , const GLchar ∗message , const GLvoid ∗ user ) {
385 ( void ) user ;

( void ) l ength ;
const char ∗ s o u r c e s t r = ”unknown ” ;
switch ( source ) {

case GL DEBUG SOURCE API : s o u r c e s t r = ”OpenGL” ; break ;
390 case GL DEBUG SOURCEWINDOWSYSTEM: s o u r c e s t r = ”window system ” ; break ;

case GL DEBUG SOURCE SHADER COMPILER: s o u r c e s t r = ” shader compi le r ” ; break ;
case GL DEBUG SOURCE THIRD PARTY: s o u r c e s t r = ” th i rd party ” ; break ;
case GL DEBUG SOURCE APPLICATION: s o u r c e s t r = ” app l i c a t i on ” ; break ;
case GL DEBUG SOURCE OTHER: s o u r c e s t r = ” app l i c a t i on ” ; break ;

395 }
const char ∗ t yp e s t r = ”unknown ” ;
switch ( type ) {

case GL DEBUG TYPE ERROR: t yp e s t r = ” e r r o r ” ; break ;
case GL DEBUG TYPE DEPRECATED BEHAVIOR: t yp e s t r = ” deprecated behavior ” ; ⤦

Ç break ;
400 case GL DEBUG TYPE UNDEFINED BEHAVIOR: t yp e s t r = ”undef ined behavior ” ; ⤦

Ç break ;
case GL DEBUG TYPE PORTABILITY: t yp e s t r = ” p o r t a b i l i t y ” ; break ;
case GLDEBUGTYPEPERFORMANCE: t yp e s t r = ”performance ” ; break ;
case GLDEBUGTYPEMARKER: t yp e s t r = ”marker ” ; break ;
case GL DEBUG TYPE PUSH GROUP: t yp e s t r = ”push group ” ; break ;

405 case GL DEBUG TYPE POP GROUP: t yp e s t r = ”pop group ” ; break ;
case GL DEBUG TYPE OTHER: t yp e s t r = ” other ” ; break ;

}
const char ∗ s e v e r i t y s t r = ”unknown ” ;
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switch ( s e v e r i t y ) {
410 case GL DEBUG SEVERITY HIGH: s e v e r i t y s t r = ”high ” ; break ;

case GL DEBUG SEVERITY MEDIUM: s e v e r i t y s t r = ”medium” ; break ;
case GL DEBUG SEVERITY LOW: s e v e r i t y s t r = ” low ” ; break ;
case GL DEBUG SEVERITY NOTIFICATION: s e v e r i t y s t r = ” n o t i f i c a t i o n ” ; break ;

}
415 bool shou ld p r i n t = true ;

i f ( s hou ld p r i n t ) {
f p r i n t f ( s tde r r , ”graphgrow−video : %s %s %u %s : %s \n” , s ou r c e s t r , t ype s t r , ⤦

Ç id , s e v e r i t y s t r , message ) ;
}
i f ( s e v e r i t y == GL DEBUG SEVERITY HIGH && type == GL DEBUG TYPE ERROR) {

420 i f (++debug er ro r count > 10) {
abort ( ) ;

}
}

}
425

s t a t i c GLFWwindow ∗ c r e a t e c on t ex t ( i n t width , i n t height , const char ∗ t i t l e ) {
i n t g l f w i n i t i a l i z e d = g l fw I n i t ( ) ;
i f ( ! g l f w i n i t i a l i z e d ) {

f p r i n t f ( s tde r r , ” couldn ’ t i n i t i a l i z e g l fw \n”) ;
430 a s s e r t ( g l f w i n i t i a l i z e d ) ;

r e turn 0 ;
}
i n t major , minor ;
GLFWwindow ∗window = create window (major = 4 , minor = 4 , width , height , t i t l e )⤦

Ç ;
435 i f ( ! window) {

f p r i n t f ( s tde r r , ” couldn ’ t c r e a t e window\n”) ;
a s s e r t (window) ;
re turn 0 ;

}
440 glfwMakeContextCurrent (window) ;

glewExperimental = GL TRUE;
g l ew In i t ( ) ;
g lGetError ( ) ;
glDebugMessageCallback ( debug ca l lback , 0) ;

445 re turn window ;
}

s t a t i c void i n i t i a l i z e g l ( i n t tex width , i n t t ex he ight , i n t win width , i n t ⤦
Ç win he ight ) {

450 // i n i t i a l i z e ver tex data f o r f u l l − s c r e en t r i a n g l e s t r i p
GLuint vao ;
glGenVertexArrays (1 , &vao ) ;
glBindVertexArray ( vao ) ;
GLuint vbo ;

455 g lGenBuf fers (1 , &vbo ) ;
g lB indBuf f e r (GL ARRAY BUFFER, vbo ) ;
GLfloat vbo data [ ] =

{ −1 , −1 , 0 , 1
, −1 , 1 , 0 , 0

460 , 1 , −1 , 1 , 1
, 1 , 1 , 1 , 0
} ;
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g lBuf fe rData (GL ARRAY BUFFER, 16 ∗ s i z e o f ( GLfloat ) , vbo data , GL STATIC DRAW) ;
g lVer t exAtt r ibPo in te r (0 , 2 , GL FLOAT, GL FALSE, 4 ∗ s i z e o f ( GLfloat ) , 0) ;

465 g lVer t exAtt r ibPo in te r (1 , 2 , GL FLOAT, GL FALSE, 4 ∗ s i z e o f ( GLfloat ) , ( ( char ∗)⤦
Ç 0) + 2 ∗ s i z e o f ( GLfloat ) ) ;

g lEnableVertexAttr ibArray (0 ) ;
g lEnableVertexAttr ibArray (1 ) ;

// c r e a t e t ex tu r e s f o r ping pong square
470 GLuint t b u f f e r [ 2 ] ;

glGenTextures (2 , t b u f f e r ) ;
f o r ( i n t i = 0 ; i < 2 ; ++i ) {

g lAct iveTexture (GL TEXTURE0 + i ) ;
glBindTexture (GL TEXTURE 2D ARRAY, t b u f f e r [ i ] ) ;

475 glTexImage3D (GL TEXTURE 2D ARRAY, 0 , GL RGB32F, tex width , t ex he ight , 4 , 0 ,⤦
Ç GL RGB, GL FLOAT, 0) ;

glGenerateMipmap (GL TEXTURE 2D ARRAY) ;
glTexParameteri (GL TEXTURE 2D ARRAY, GL TEXTURE MIN FILTER, ⤦

Ç GL LINEAR MIPMAP LINEAR) ;
glTexParameteri (GL TEXTURE 2D ARRAY, GL TEXTURE MAG FILTER, GL LINEAR) ;
glTexParameteri (GL TEXTURE 2D ARRAY, GL TEXTURE WRAP S, GL CLAMP) ;

480 glTexParameteri (GL TEXTURE 2D ARRAY, GL TEXTUREWRAP T, GL CLAMP) ;
}

// c r e a t e t ex ture f o r r e c t angu l a r view
GLuint t s c r e e n ;

485 glGenTextures (1 , &t s c r e e n ) ;
g lAct iveTexture (GL TEXTURE0 + 2) ;
glBindTexture (GL TEXTURE 2D, t s c r e e n ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F, win width , win height , 0 , GL RGBA, ⤦

Ç GL FLOAT, 0) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;

490 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP S, GLMIRRORED REPEAT) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTUREWRAP T, GLMIRRORED REPEAT) ;

// c r e a t e f r amebu f f e r s f o r ping pong square
495 glViewport (0 , 0 , tex width , t e x he i gh t ) ;

g lC l ea rCo lo r (1 , 1 , 1 , 1) ;
glGenFramebuffers (9 , S . fbo ) ;
f o r ( i n t i = 0 ; i < 8 ; ++i ) {

glBindFramebuffer (GL FRAMEBUFFER, S . fbo [ i ] ) ;
500 glFramebuf ferTextureLayer (GL FRAMEBUFFER, GLCOLORATTACHMENT0, t b u f f e r [ 1 ⤦

Ç − i / 4 ] , 0 , i % 4) ;
GLenum dbuf = GLCOLORATTACHMENT0;
glDrawBuffers (1 , &dbuf ) ;
GLenum sta tu s = glCheckFramebuf ferStatus (GLFRAMEBUFFER) ;
i f ( s t a tu s != GLFRAMEBUFFERCOMPLETE) {

505 f p r i n t f ( s tde r r , ”OpenGL f ramebu f f e r not complete \n”) ;
}
a s s e r t ( s t a tu s == GLFRAMEBUFFERCOMPLETE) ;
g lC l ea r (GL COLOR BUFFER BIT) ;

}
510 g lAct iveTexture (GL TEXTURE0 + 0) ;

glGenerateMipmap (GL TEXTURE 2D ARRAY) ;
g lAct iveTexture (GL TEXTURE0 + 1) ;
glGenerateMipmap (GL TEXTURE 2D ARRAY) ;
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515 // c r e a t e f ramebu f f e r f o r r e c t angu l a r view
glBindFramebuffer (GL FRAMEBUFFER, S . fbo [ 8 ] ) ;
glFramebufferTexture2D (GL FRAMEBUFFER, GLCOLORATTACHMENT0, GL TEXTURE 2D, ⤦

Ç t s c r e en , 0) ;
GLenum dbuf = GLCOLORATTACHMENT0;
glDrawBuffers (1 , &dbuf ) ;

520 GLenum sta tu s = glCheckFramebuf ferStatus (GLFRAMEBUFFER) ;
i f ( s t a tu s != GLFRAMEBUFFERCOMPLETE) {

f p r i n t f ( s tde r r , ”OpenGL f ramebu f f e r not complete \n”) ;
}
a s s e r t ( s t a tu s == GLFRAMEBUFFERCOMPLETE) ;

525 g lC l ea r (GL COLOR BUFFER BIT) ;

// compi le shaders
S . program [ 0 ] = compile program (” step ” , s t ep ve r t , s t e p f r a g ) ;
S . p0which = glGetUniformLocation (S . program [ 0 ] , ”which ”) ;

530 S . p0qua l i ty = glGetUniformLocation (S . program [ 0 ] , ” qua l i t y ”) ;
S . p0anim = glGetUniformLocation (S . program [ 0 ] , ” trans form ”) ;
S . p0source = glGetUniformLocation (S . program [ 0 ] , ” source ”) ;
S . p0count = glGetUniformLocation (S . program [ 0 ] , ” count ”) ;
S . program [ 1 ] = compile program (” show” , show vert , show frag ) ;

535 glUseProgram (S . program [ 1 ] ) ;
S . p1which = glGetUniformLocation (S . program [ 1 ] , ”which ”) ;
S . p1qua l i ty = glGetUniformLocation (S . program [ 1 ] , ” qua l i t y ”) ;
S . p1 layer = glGetUniformLocation (S . program [ 1 ] , ” l a y e r ”) ;
GLuint aspect = glGetUniformLocation (S . program [ 1 ] , ” aspect ”) ;

540 g lUni form1f ( aspect , WIDTH / ( f l o a t ) HEIGHT) ;
S . which = 0 ;
S . program [ 2 ] = compile program (” tone ” , tone ver t , t on e f r a g ) ;
glUseProgram (S . program [ 2 ] ) ;
GLint p2source = glGetUniformLocation (S . program [ 2 ] , ” source ”) ;

545 g lUni form1i ( p2source , 2) ;

// p i x e l b u f f e r s f o r ping pong histogram equa l i s a t i o n
i n t l o g s i z e = c e i l ( l og2 ( win width ∗ win he ight ) ) ;
g lGenBuf fers (3 , &S . pbo [ 0 ] ) ;

550 f o r ( i n t i = 0 ; i < 3 ; ++i ) {
g lB indBuf f e r (GL PIXEL PACK BUFFER, S . pbo [ i ] ) ;
g lBuf fe rData (GL PIXEL PACK BUFFER, 4 ∗ (1 << l o g s i z e ) ∗ s i z e o f ( f l o a t ) , 0 , ⤦

Ç GL DYNAMIC COPY) ;
}

555 // compute shaders
S . program [ 3 ] = compile compute (” s o r t ” , sort comp ) ;
S . p3count = glGetUniformLocation (S . program [ 3 ] , ” count ”) ;
S . p3p = glGetUniformLocation (S . program [ 3 ] , ”p”) ;
S . p3q = glGetUniformLocation (S . program [ 3 ] , ”q”) ;

560 S . program [ 4 ] = compile compute (” look ” , look comp ) ;
S . p4icount = glGetUniformLocation (S . program [ 4 ] , ” i count ”) ;
S . p4hcount = glGetUniformLocation (S . program [ 4 ] , ”hcount ”) ;

}
565

extern i n t main ( i n t argc , char ∗∗ argv ) {
memset(&S , 0 , s i z e o f (S) ) ;
i n t qua l i t y = QUALITY;
i n t tex width = 1 << qua l i ty , t e x he i gh t = 1 << qua l i t y ;
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570 i n t win width = WIDTH/SCALE, win he ight = HEIGHT/SCALE;
i n t h i s t w id th = win width >> MIPMAP;
i n t h i s t h e i g h t = win he ight >> MIPMAP;
i n t l o g s i z e = c e i l ( l og2 ( h i s t w id th ∗ h i s t h e i g h t ) ) ;
GLFWwindow ∗window = c r e a t e c on t ex t ( win width , win height , ”graphgrow ”) ;

575 i f ( ! window) {
a s s e r t (window) ;
re turn 1 ;

}
gl fwSetKeyCal lback (window , k ey p r e s s hand l e r ) ;

580 i n i t i a l i z e g l ( tex width , t ex he ight , win width , win he ight ) ;

GLuint s r c = S . pbo [ 0 ] ;
GLuint dst = S . pbo [ 1 ] ;
GLuint img = S . pbo [ 2 ] ;

585

GLuint t imers [ 7 ] ;
g lGenQueries (7 , t imers ) ;

l o s e r v e r t h r e a d l o = l o s e r v e r th r e ad new (”6061” , e r r o r cb ) ;
590 l o s e rve r th read add method ( lo , ”/ video ” , ”b” , videocb , 0) ;

l o s e rve r th read add method ( lo , ”/ qu i t ” , ”” , quitcb , 0) ;
l o s e r v e r t h r e a d s t a r t ( l o ) ;

i n t frame = 0 ;
595 S . running = 1 ;

whi l e (S . running && ! glfwWindowShouldClose (window) ) {

i f ( ( frame % 60) == 0 && frame > 0)
{

600 GLuint64 t i f s = 0 , t f l a t = 0 , tpbo = 0 , t s o r t = 0 , t lup = 0 , t t ex = 0 , ⤦
Ç td i sp = 0 ;

glGetQueryObjectui64v ( t imers [ 0 ] , GL QUERY RESULT, &t i f s ) ;
glGetQueryObjectui64v ( t imers [ 1 ] , GL QUERY RESULT, &t f l a t ) ;
glGetQueryObjectui64v ( t imers [ 2 ] , GL QUERY RESULT, &tpbo ) ;
glGetQueryObjectui64v ( t imers [ 3 ] , GL QUERY RESULT, &t s o r t ) ;

605 glGetQueryObjectui64v ( t imers [ 4 ] , GL QUERY RESULT, &t lup ) ;
glGetQueryObjectui64v ( t imers [ 5 ] , GL QUERY RESULT, &ttex ) ;
glGetQueryObjectui64v ( t imers [ 6 ] , GL QUERY RESULT, &td i sp ) ;
double i f s = t i f s / 1000 . 0 ;
double f l a t = t f l a t / 1000 . 0 ;

610 double pbo = tpbo / 1000 . 0 ;
double s o r t = t s o r t / 1000 . 0 ;
double lup = t lup / 1000 . 0 ;
double tex = ttex / 1000 . 0 ;
double d i sp = td i sp / 1000 . 0 ;

615 f p r i n t f ( s tde r r , ” IFS ( %f ) FLAT( %f ) PBO( %f ) SORT( %f ) LUP( %f ) TEX(⤦
Ç %f ) DISP( %f ) \ r ” , i f s , f l a t , pbo , sort , lup , tex , d i sp ) ;

g lDe l e t eQue r i e s (7 , t imers ) ;
glGenQueries (7 , t imers ) ;

}

620 // i t e r a t e d func t i on system
i f ( ( frame % 60) == 0) glBeginQuery (GL TIME ELAPSED, t imers [ 0 ] ) ;
glUseProgram (S . program [ 0 ] ) ;
g lViewport (0 , 0 , tex width , t e x he i gh t ) ;
f o r ( i n t l a y e r = 0 ; l a y e r < 4 ; ++laye r )
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625 {
glUni formMatrix3fv (S . p0anim , 8 , GL TRUE, &S . c on t r o l . t rans form [ l ay e r⤦

Ç ] [ 0 ] [ 0 ] [ 0 ] ) ;
g lUni form1iv (S . p0source , 8 , &S . c on t r o l . source [ l a y e r ] [ 0 ] ) ;
g lUni form1i (S . p0count , S . c on t r o l . count [ l a y e r ] ) ;
g lUni form1i (S . p0which , S . which ) ;

630 g lUni form1i (S . p0qual i ty , qua l i t y ) ;
g lBindFramebuffer (GL FRAMEBUFFER, S . fbo [ S . which ∗ 4 + lay e r ] ) ;
glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;

}
S . which = 1 − S . which ;

635 g lAct iveTexture (GL TEXTURE0 + S . which ) ;
glGenerateMipmap (GL TEXTURE 2D ARRAY) ;
i f ( ( frame % 60) == 0) glEndQuery (GL TIME ELAPSED) ;

// f l a t t e n from square t ex ture to r e c t angu l a r view
640 i f ( ( frame % 60) == 0) glBeginQuery (GL TIME ELAPSED, t imers [ 1 ] ) ;

g lViewport (0 , 0 , win width , win he ight ) ;
g lBindFramebuffer (GL FRAMEBUFFER, S . fbo [ 8 ] ) ;
glUseProgram (S . program [ 1 ] ) ;
g lUni form1i (S . p1which , S . which ) ;

645 g lUni form1i (S . p1qual i ty , qua l i t y ) ;
g lUni form1i (S . p1layer , S . c on t r o l . a c t i v e ) ;
glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;
i f ( ( frame % 60) == 0) glEndQuery (GL TIME ELAPSED) ;

650 i f ( ( frame % 60) == 0) glBeginQuery (GL TIME ELAPSED, t imers [ 2 ] ) ;
g lAct iveTexture (GL TEXTURE0 + 2) ;
i f ( frame % SKIP == 0)
{

// copy to PBO
655 glGenerateMipmap (GL TEXTURE 2D) ;

g lB indBuf f e r (GL PIXEL PACK BUFFER, s r c ) ;
f l o a t i n f t y = 1 .0 / 0 . 0 ;
g lClearBuf ferSubData (GL PIXEL PACK BUFFER, GL R32F , 0 , (1 << l o g s i z e ) ∗ ⤦

Ç s i z e o f ( f l o a t ) , GL RED, GL FLOAT, &i n f t y ) ;
g lB indBuf f e r (GL PIXEL PACK BUFFER, s r c ) ;

660 glGetTexImage (GL TEXTURE 2D, MIPMAP, GL ALPHA, GL FLOAT, 0) ;
}
g lB indBuf f e r (GL PIXEL PACK BUFFER, img ) ;
glGetTexImage (GL TEXTURE 2D, 0 , GL RGBA, GL FLOAT, 0) ;
g lB indBuf f e r (GL PIXEL PACK BUFFER, 0) ;

665 i f ( ( frame % 60) == 0) glEndQuery (GL TIME ELAPSED) ;

i f ( ( frame % 60) == 0) glBeginQuery (GL TIME ELAPSED, t imers [ 3 ] ) ;
i f ( frame % SKIP == 0)
{

670 // ping pong merge s o r t
glUseProgram (S . program [ 3 ] ) ;
g lUni form1ui (S . p3count , 1 << l o g s i z e ) ;
f o r ( i n t i = 0 ; i < l o g s i z e ; ++i ) {

f o r ( i n t j = 0 ; j <= i ; ++j ) {
675 glBindBuf ferBase (GL SHADER STORAGE BUFFER, 0 , s r c ) ;

g lBindBuf ferBase (GL SHADER STORAGE BUFFER, 1 , dst ) ;
g lUni form1ui (S . p3p , i ) ;
g lUni form1ui (S . p3q , j ) ;
glDispatchCompute ( (1 << l o g s i z e ) / 1024 , 1 , 1) ;
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680 { GLuint t = s r c ; s r c = dst ; dst = t ; }
}

}
}
i f ( ( frame % 60) == 0) glEndQuery (GL TIME ELAPSED) ;

685

// binary search lookup
i f ( ( frame % 60) == 0) glBeginQuery (GL TIME ELAPSED, t imers [ 4 ] ) ;
glUseProgram (S . program [ 4 ] ) ;
g lUni form1ui (S . p4icount , win width ∗ win he ight ) ;

690 glUni form1ui (S . p4hcount , h i s t w id th ∗ h i s t h e i g h t ) ;
g lBindBuf ferBase (GL SHADER STORAGE BUFFER, 0 , img ) ;
g lBindBuf ferBase (GL SHADER STORAGE BUFFER, 1 , s r c ) ;
g lBindBuf ferBase (GL SHADER STORAGE BUFFER, 2 , dst ) ;
glDispatchCompute ( ( win width ∗ win he ight + 1024 − 1) / 1024 , 1 , 1) ;

695 i f ( ( frame % 60) == 0) glEndQuery (GL TIME ELAPSED) ;

// copy to t ex ture
i f ( ( frame % 60) == 0) glBeginQuery (GL TIME ELAPSED, t imers [ 5 ] ) ;
g lAct iveTexture (GL TEXTURE0 + 2) ;

700 g lB indBuf f e r (GL PIXEL UNPACK BUFFER, dst ) ;
glTexSubImage2D (GL TEXTURE 2D, 0 , 0 , 0 , win width , win height , GL RGBA, ⤦

Ç GL FLOAT, 0) ;
g lB indBuf f e r (GL PIXEL UNPACK BUFFER, 0) ;
i f ( ( frame % 60) == 0) glEndQuery (GL TIME ELAPSED) ;

705 // d i sp l ay f i n a l image
i f ( ( frame % 60) == 0) glBeginQuery (GL TIME ELAPSED, t imers [ 6 ] ) ;
glUseProgram (S . program [ 2 ] ) ;
g lBindFramebuffer (GL FRAMEBUFFER, 0) ;
glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;

710 i f ( ( frame % 60) == 0) glEndQuery (GL TIME ELAPSED) ;

gl fwSwapBuffers (window) ;

// handle UI and qu i t c ond i t i on s
715 g l fwPol lEvents ( ) ;

i n t e = glGetError ( ) ;
i f ( e ) { f p r i n t f ( s tde r r , ”OpenGL Error %d\n” , e ) ; }
frame++;

720 }

glfwTerminate ( ) ;
f p r i n t f ( s tde r r , ”\n%d\n” , frame ) ;
r e turn 0 ;

725 ( void ) argc ;
( void ) argv ;

}

58 graphgrow3/video/graphgrow-video-test.cc

#inc lude <math . h>
#inc lude <s t d i o . h>
#inc lude <s t d l i b . h>
#inc lude <s t r i n g . h>

5 #inc lude <uni s td . h>
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#inc lude <l o / l o . h>
#inc lude <glm/glm . hpp>

s t r u c t c on t r o l
10 {

i n t 3 2 t a c t i v e ;
i n t 3 2 t count [ 4 ] ;
i n t 3 2 t source [ 4 ] [ 8 ] ;
f l o a t s c a l e [ 4 ] [ 8 ] ;

15 glm : : mat3 trans form [ 4 ] [ 8 ] ;
} ;

i n t main ( )
{

20 c on t r o l C;
memset(&C, 0 , s i z e o f (C) ) ;
f o r ( i n t i = 0 ; i < 4 ; ++i )

f o r ( i n t j = 0 ; j < 8 ; ++j )
{

25 f l o a t s = rand ( ) / ( double ) RANDMAX; s ∗= s ;
f l o a t r = rand ( ) / ( double ) RANDMAX ∗ 2 ∗ 3 .141592653589793 ;
f l o a t tx = rand ( ) / ( double ) RANDMAX − 0 . 5 ;
f l o a t ty = rand ( ) / ( double ) RANDMAX − 0 . 5 ;
f l o a t co = co s f ( r ) ∗ s ;

30 f l o a t s i = s i n f ( r ) ∗ s ;
C. source [ i ] [ j ] = rand ( ) % 4 ;
C. s c a l e [ i ] [ j ] = s ;
C. trans form [ i ] [ j ] [ 0 ] [ 0 ] = co ;
C. trans form [ i ] [ j ] [ 0 ] [ 1 ] = s i ;

35 C. trans form [ i ] [ j ] [ 0 ] [ 2 ] = tx ;
C. trans form [ i ] [ j ] [ 1 ] [ 0 ] = − s i ;
C. trans form [ i ] [ j ] [ 1 ] [ 1 ] = co ;
C. trans form [ i ] [ j ] [ 1 ] [ 2 ] = ty ;
C. trans form [ i ] [ j ] [ 2 ] [ 0 ] = 0 ;

40 C. trans form [ i ] [ j ] [ 2 ] [ 1 ] = 0 ;
C. trans form [ i ] [ j ] [ 2 ] [ 2 ] = 1 ;
C. trans form [ i ] [ j ] = glm : : i n v e r s e (C. trans form [ i ] [ j ] ) ;

}

45 l o add r e s s t = lo addre s s new (”255 . 255 . 255 . 255” , ”6061”) ;

whi l e (1 )
{

s l e e p (1 ) ;
50

C. a c t i v e = (C. a c t i v e + 1) % 4 ;
i n t i = rand ( ) % 4 ;
C. count [ i ] = ( rand ( ) % 8) + 1 ;
i n t j = rand ( ) % 8 ;

55 f l o a t s = rand ( ) / ( double ) RANDMAX; s ∗= s ;
f l o a t r = rand ( ) / ( double ) RANDMAX ∗ 2 ∗ 3 .141592653589793 ;
f l o a t tx = rand ( ) / ( double ) RANDMAX − 0 . 5 ;
f l o a t ty = rand ( ) / ( double ) RANDMAX − 0 . 5 ;
f l o a t co = co s f ( r ) ∗ s ;

60 f l o a t s i = s i n f ( r ) ∗ s ;
C. source [ i ] [ j ] = rand ( ) % 4 ;
C. s c a l e [ i ] [ j ] = s ;
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C. trans form [ i ] [ j ] [ 0 ] [ 0 ] = co ;
C. trans form [ i ] [ j ] [ 0 ] [ 1 ] = s i ;

65 C. trans form [ i ] [ j ] [ 0 ] [ 2 ] = tx ;
C. trans form [ i ] [ j ] [ 1 ] [ 0 ] = − s i ;
C. trans form [ i ] [ j ] [ 1 ] [ 1 ] = co ;
C. trans form [ i ] [ j ] [ 1 ] [ 2 ] = ty ;
C. trans form [ i ] [ j ] [ 2 ] [ 0 ] = 0 ;

70 C. trans form [ i ] [ j ] [ 2 ] [ 1 ] = 0 ;
C. trans form [ i ] [ j ] [ 2 ] [ 2 ] = 1 ;
C. trans form [ i ] [ j ] = glm : : i n v e r s e (C. trans form [ i ] [ j ] ) ;

l o b l ob blob = lo b lob new ( s i z e o f (C) , &C) ;
75 i f ( blob )

{
i f ( l o s end ( t , ”/ video ” , ”b” , blob ) == −1)

f p r i n t f ( s tde r r , ”OSC e r r o r %d : %s \n” , l o add r e s s e r r n o ( t ) , ⤦
Ç l o a d d r e s s e r r s t r ( t ) ) ;

l o b l o b f r e e ( blob ) ;
80 }

e l s e
f p r i n t f ( s tde r r , ”OSC e r r o r : couldn ’ t lo b lob new \n”) ;

}
85 re turn 0 ;

}

59 graphgrow3/Video.hs

module Video ( videoNew , Video ) where

import Control .Monad (when , rep l i cateM , forM , un l e s s )
import Control .Monad . IO . Class ( l i f t I O )

5

import System . IO ( hPutStrLn , s t d e r r )

import Data . IORef ( IORef , newIORef , readIORef , writeIORef )

10 import Fore ign ( nul lPtr , castPtr , peek , with , withArray , a l l o caByte s )
import Fore ign .C ( withCString , peekCStringLen )

import Data .Map (Map)
import q u a l i f i e d Data .Map. S t r i c t as M

15

import q u a l i f i e d Graphics . UI . Gtk as G
import q u a l i f i e d Graphics . UI . Gtk .OpenGL as G

import Graphics .GL
20

import Linear (M33)

import Paths graphgrow3 ( getDataFileName )
import Types

25

type Video = [ ( Int , Double , M33 Double ) ]

videoNew : : IO (Map RID Video ) −> IO G.Window
videoNew trans forms = do
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30 l e t w = 500
h = 500

window <− G.windowNew
<− window ‘G. on ‘ G. de le teEvent $ do
l i f t I O $ G. widgetHide window

35 re turn True
G. windowSetDefaultSize window w h
G. windowSetGeometryHints window ( Nothing ‘ asTypeOf ‘ Just window) ( Just (w, h) )⤦

Ç ( Just (w, h) ) Nothing Nothing Nothing
canvas <− G. glDrawingAreaNew =<< G. glConfigNew [G.GLModeRGBA, G.GLModeDouble ]
G. widgetSetS izeRequest canvas w h

40 l e t redraw r e f = do
<− G. withGLDrawingArea canvas $ \ g l −> do
t r s <− t rans forms
s t <− readIORef r e f
when ( vTrs s t /= t r s ) $ do

45 writeIORef r e f s t { vTrs = t r s }
v i s u a l i z e r e f

when (M. nu l l t r s ) $ do
g lC l ea r GL COLOR BUFFER BIT

G. glDrawableSwapBuffers g l
50 re turn True

<− G. onRea l i ze canvas $ do
<− G. withGLDrawingArea canvas $ \ g l −> do
r e f <− newIORef =<< i n i t i a l i z e
v i s u a l i z e r e f

55 G. glDrawableSwapBuffers g l
G. timeoutAddFull ( redraw r e f ) G. p r i o r i t yD e f a u l t I d l e 100

return ( )
G. s e t window [G. windowTitle G. := ”GG#V” , G. conta ine rCh i ld G. := canvas ]
G. widgetShowAll window

60 re turn window

s i z e : : Int
s i z e = 2048

65 er : : Double
er = 4

data St = St
{ p I n i t i a l : : GLuint , p I n i t i a l ’ er , p I n i t i a l ’ rho : : GLint

70 , pStep : : GLuint , pStep ’ er , pStep ’ count , pStep ’ ts , pStep ’ ws , pStep ’ l s , pStep ’⤦
Ç l ayer , pStep ’ s r c : : GLint

, pColour : : GLuint , pColour ’ src , pColour ’ speed : : GLint
, tPing , tPong : : GLuint
, fBu f f e r : : GLuint
, vTrs : : Map RID Video

75 }

getUniformLocat ion : : GLuint −> St r ing −> IO GLint
getUniformLocat ion program name = withCString name $ glGetUniformLocation ⤦

Ç program

80 i n i t i a l i z e : : IO St
i n i t i a l i z e = do

p I n i t i a l ’ <− compileProgram ( Just ” i n i t i a l . ve r t ”) ( Just ” i n i t i a l . f r a g ”)
p I n i t i a l ’ er ’ <− getUniformLocat ion p I n i t i a l ’ ” er ”
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p I n i t i a l ’ rho ’ <− getUniformLocat ion p I n i t i a l ’ ” rho”
85 pStep ’ <− compileProgram ( Just ” step . ve r t ”) ( Just ” s tep . f r a g ”)

pStep ’ er ’ <− getUniformLocat ion pStep ’ ” er ”
pStep ’ count ’ <− getUniformLocat ion pStep ’ ” count”
pStep ’ ts ’ <− getUniformLocat ion pStep ’ ” trans form”
pStep ’ ws ’ <− getUniformLocat ion pStep ’ ” source ”

90 pStep ’ l s ’ <− getUniformLocat ion pStep ’ ” s ca l eFac to r ”
pStep ’ layer ’ <− getUniformLocat ion pStep ’ ” l ay e r ”
pStep ’ src ’ <− getUniformLocat ion pStep ’ ” s r c ”
pColour ’ <− compileProgram ( Just ” co l ou r . ve r t ”) ( Just ” co l ou r . f r a g ”)
pColour ’ src ’ <− getUniformLocat ion pColour ’ ” s r c ”

95 pColour ’ speed ’<− getUniformLocat ion pColour ’ ” speed ”
tPing ’ <− newTex s i z e
tPong ’ <− newTex s i z e
fBu f f e r ’ <− newFBO
glClampColor GL CLAMPVERTEX COLOR ( f romInteg ra l GL FALSE)

100 glClampColor GL CLAMP READ COLOR ( f romInteg ra l GL FALSE)
glClampColor GLCLAMPFRAGMENTCOLOR ( f romInteg ra l GL FALSE)
return St

{ p I n i t i a l = p I n i t i a l ’ , p I n i t i a l ’ e r = p I n i t i a l ’ er ’ , p I n i t i a l ’ rho = p I n i t i a l ’⤦
Ç rho ’

, pStep = pStep ’ , pStep ’ e r = pStep ’ er ’ , pStep ’ count = pStep ’ count ’ , pStep ’ t s⤦
Ç = pStep ’ ts ’ , pStep ’ ws = pStep ’ ws ’ , pStep ’ l s = pStep ’ l s ’ , pStep ’ l a y e r ⤦
Ç = pStep ’ layer ’ , pStep ’ s r c = pStep ’ src ’

105 , pColour = pColour ’ , pColour ’ s r c = pColour ’ src ’ , pColour ’ speed = pColour ’⤦
Ç speed ’

, tPing = tPing ’ , tPong = tPong ’ , fBu f f e r = fBu f f e r ’
, vTrs = M. empty
}

110 clamp : : Ord a => a −> a −> a −> a
clamp mi ma x = mi ‘max ‘ x ‘min ‘ ma

v i s u a l i z e : : IORef St −> IO ( )
v i s u a l i z e sR = do

115 s0 <− readIORef sR
glViewport 0 0 ( f r omInteg ra l s i z e ) ( f r omInteg ra l s i z e )
g lLoadIdent i ty
glOrtho 0 1 0 1 (−1) 1
l e t n l aye r s = M. s i z e ( vTrs s0 )

120 l a y e r s = [0 . . f r omInteg ra l n l ay e r s − 1 ]
forM l ay e r s $ \ l a y e r −> do

bindFBO ( fBu f f e r s0 ) ( tPing s0 ) ( f r omInteg ra l l a y e r )
glUseProgram ( p I n i t i a l s0 )
g lUni form1f ( p I n i t i a l ’ e r s0 ) ( realToFrac er )

125 g lUni form1f ( p I n i t i a l ’ rho s0 ) ( realToFrac (maximum ( 0 : [ rho | Just ( , rho , ⤦
Ç ) <− sequence $ M. lookup l ay e r ( vTrs s0 ) ] ) ) )

unitQuad
glUseProgram 0
unbindFBO
repo r tEr ro r s ” i n i t i a l i z e l a y e r ”

130 l e t rho = maximum ( 0 : [ rho ’ | ( , rho ’ , ) <− concat $ M. elems ( vTrs s0 ) ] )
pas s e s = clamp 16 4096 . round . logBase rho $ 0 .001

r ep l i ca t eM pas se s $ do
s <− readIORef sR
glBindTexture GL TEXTURE 2D ARRAY ( tPing s )

135 glUseProgram ( pStep s )
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g lUni form1f ( pStep ’ e r s ) ( realToFrac er )
g lUni form1i ( pStep ’ s r c s ) 0
forM l ay e r s $ \ l a y e r −> case fmap ( f r omInteg ra l . l ength ) $ M. lookup l ay e r ⤦

Ç ( vTrs s ) o f
Just count −> do

140 bindFBO ( fBu f f e r s ) ( tPong s ) ( f r omInteg ra l l a y e r )
g lUni form1i ( pStep ’ count s ) count
withArray ( concatMap (\ ( , ,m) −> map realToFrac . concat . t oL i s t s $ m⤦

Ç ) $ vTrs s M. ! l a y e r ) $ glUni formMatrix3fv ( pStep ’ t s s ) count (⤦
Ç f r omInteg ra l GL TRUE)

withArray (map (\ ( , l , ) −> realToFrac l ) $ vTrs s M. ! l a y e r ) $ ⤦
Ç glUni form1fv ( pStep ’ l s s ) count

withArray (map (\ ( i , , ) −> f r omInteg ra l i ) $ vTrs s M. ! l a y e r ) $ ⤦
Ç glUni form1fv ( pStep ’ ws s ) count

145 g lUni form1f ( pStep ’ l a y e r s ) ( realToFrac l ay e r )
unitQuad
unbindFBO
repo r tEr ro r s ” s tep l ay e r ”

Nothing −> re turn ( )
150 glUseProgram 0

glBindTexture GL TEXTURE 2D ARRAY 0
writeIORef sR s { tPing = tPong s , tPong = tPing s }
r epo r tEr ro r s ” s tep pass ”

155 s <− readIORef sR
glViewport 0 0 500 500
glBindTexture GL TEXTURE 2D ARRAY ( tPing s )
glUseProgram ( pColour s )
g lUni form1i ( pColour ’ s r c s ) 0

160 g lUni form1f ( pColour ’ speed s ) (2 ∗ pi / f r omInteg ra l pas s e s )
fu l lQuad
glUseProgram 0
glBindTexture GL TEXTURE 2D ARRAY 0
repo r tEr ro r s ”draw”

165

newTex : : Int −> IO GLuint
newTex s = do

l e t maxLayers = 4
t <− with 0 $ \p −> glGenTextures 1 p >> peek p

170 glBindTexture GL TEXTURE 2D ARRAY t
glTexImage3D GL TEXTURE 2D ARRAY 0 ( f romInteg ra l GL R32F) ( f r omInteg ra l s ) (⤦

Ç f r omInteg ra l s ) maxLayers 0 GL RED GL UNSIGNED BYTE nu l lPt r
glTexParameteri GL TEXTURE 2D ARRAY GL TEXTURE MIN FILTER ( f romInteg ra l ⤦

Ç GL LINEAR)
glTexParameteri GL TEXTURE 2D ARRAY GL TEXTURE MAG FILTER ( f romInteg ra l ⤦

Ç GL LINEAR)
glBindTexture GL TEXTURE 2D ARRAY 0

175 re turn t

newFBO : : IO GLuint
newFBO = with 0 $ \p −> glGenFramebuffers 1 p >> peek p

180 bindFBO : : GLuint −> GLuint −> GLint −> IO ( )
bindFBO f t l ay e r = do

glBindFramebuffer GLFRAMEBUFFER f
glFramebuf ferTextureLayer GLFRAMEBUFFER GLCOLORATTACHMENT0 t 0 l ay e r
with GLCOLORATTACHMENT0 $ glDrawBuffers 1
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185

unbindFBO : : IO ( )
unbindFBO = do

glFramebuf ferTextureLayer GLFRAMEBUFFER GLCOLORATTACHMENT0 0 0 0
glBindFramebuffer GLFRAMEBUFFER 0

190

unitQuad : : IO ( )
unitQuad = glDrawArrays GL TRIANGLE STRIP 0 4

ful lQuad : : IO ( )
195 fu l lQuad = glDrawArrays GL TRIANGLE STRIP 0 4

r epo r tEr ro r s : : S t r ing −> IO ( )
r epo r tEr ro r s s = do

e <− glGetError
200 when ( e /= 0) $ do

hPutStrLn s t d e r r $ s ++ ” OpenGL ERROR ” ++ show e
r epo r tEr ro r s s

compileProgram : : Maybe Fi lePath −> Maybe Fi lePath −> IO GLuint
205 compileProgram mV mF = do

p <− glCreateProgram
case mV of

Nothing −> re turn ( )
Just v −> do

210 ver t <− glCreateShader GL VERTEX SHADER
source <− r e adF i l e =<< getDataFileName v
shaderSource ve r t source
glCompileShader ve r t
glAttachShader p ver t

215 case mF of
Nothing −> re turn ( )
Just f −> do

f r ag <− glCreateShader GL FRAGMENT SHADER
source <− r e adF i l e =<< getDataFileName f

220 shaderSource f r ag source
glCompileShader f r ag
glAttachShader p f r ag

glLinkProgram p
n <− with (0 : : GLint ) $ \q −> do

225 glGetProgramiv p GL INFO LOG LENGTH q
peek q

l <− a l l o caByte s ( f r omInteg ra l n + 1) $ \q −> do
glGetProgramInfoLog p ( f r omInteg ra l n) nu l lPt r q
peekCStringLen ( cas tPtr q , f r omInteg ra l n)

230 un l e s s ( nu l l l ) $ do
hPutStrLn s t d e r r l

r e turn p

shaderSource : : GLuint −> St r ing −> IO ( )
235 shaderSource shader source = do

withCString source $ \ptr −> with ptr $ \ptr ’ −>
glShaderSource shader 1 ( cas tPtr ptr ’ ) nu l lPt r

60 graphgrow3/video/Makefile

a l l : graphgrow−video graphgrow−video − t e s t
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c l ean :
−rm graphgrow−video graphgrow−video − t e s t

5

graphgrow−video : graphgrow−video . cc
g++ −std=c++11 −Wall −Wextra −pedant ic −Wno−var i ad i c −macros −O3 −march=⤦

Ç nat ive − f f a s t −math − I$ (HOME)/opt/ inc lude −L$ (HOME)/opt/ l i b −o ⤦
Ç graphgrow−video graphgrow−video . cc −lGL −lGLEW − l g l fw − l l o

graphgrow−video − t e s t : graphgrow−video − t e s t . cc
10 g++ −std=c++11 −Wall −Wextra −pedant ic −Wno−var i ad i c −macros −O3 −march=⤦

Ç nat ive − f f a s t −math − I$ (HOME)/opt/ inc lude −L$ (HOME)/opt/ l i b −o ⤦
Ç graphgrow−video − t e s t graphgrow−video − t e s t . cc − l l o

61 graphgrow3/video/README

Needs l i b l o from https : // github . com/ radar sat1 / l i b l o
Tested with HEAD at 276 dc11db2038b44f04fe67cdb425929427a5337

62 graphgrow.cabal

name : graphgrow
ve r s i on : 2 . 1
synops i s : graph−d i r e c t ed i t e r a t e d func t i on system f r a c t a l s
d e s c r i p t i o n :

5 graphgrow render s graph−d i r e c t ed i t e r a t e d func t i on system f r a c t a l s .
c u r r en t l y the i t e r a t e d func t i on s are based on text .
.
examples :
.

10 > echo ”GRAPHGROW : GRAPHGROW” | graphgrow −

> echo −e ”HELLO : WORLD\nWORLD : HELLO” | graphgrow −

> echo −e ”HELLO : WORLD\nGOODBYE : WORLD\nWORLD : HELLO GOODBYE” | graphgrow ⤦

Ç −

> f o r graph in data /∗ . gg ; do graphgrow $graph ; done

15 homepage : https : // code . mathr . co . uk/graphgrow
l i c e n s e : GPL−3
l i c e n s e − f i l e : LICENSE
author : Claude Heiland −Allen
mainta iner : claude@mathr . co . uk

20 category : Graphics
bui ld −type : Simple
cabal −ve r s i on : >=1.8

executab l e graphgrow
25 main− i s : F rac ta l /GraphGrow/Main . hs

other −modules :
Frac ta l . GraphGrow . Ana lys i s . S t a t i s t i c s
Frac ta l . GraphGrow . Engine . Geometry
Frac ta l . GraphGrow . Engine . Graph

30 Frac ta l . GraphGrow . Engine .Grow
Frac ta l . GraphGrow . Engine . Zoomer
Frac ta l . GraphGrow .GUI . DrawPoints
Frac ta l . GraphGrow .GUI . Editor
Frac ta l . GraphGrow .GUI . FrameSync
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35 Frac ta l . GraphGrow . Text . Compile
Frac ta l . GraphGrow . Text . Glyphs
Frac ta l . GraphGrow . Text . Parse
Frac ta l . GraphGrow . U t i l s

40 bui ld −depends :
base >= 4.9 && < 4 . 10 ,
BoundedChan >= 1.0 && < 1 . 1 ,
c on ta i n e r s >= 0.5 && < 0 . 6 ,
g l i b >= 0.13 && < 0 . 14 ,

45 gtk >= 0.14 && < 0 . 15 ,
g tkg l ex t >= 0.13 && < 0 . 14 ,

−− gtk−toy−diagrams >= 0 .1 ,
monad−supply >= 0.6 && < 0 . 7 ,
mtl >= 2.2 && < 2 . 3 ,

50 OpenGLRaw >= 3.2 && < 3 . 3 ,
p a r a l l e l >= 3.2 && < 3 . 3 ,
random >= 1.1 && < 1 . 2 ,
vec to r >= 0.11 && < 0 .12

55 ghc−opt ions : −Wall −threaded −funbox− s t r i c t − f i e l d s − r t s op t s −with− r t s op t s ”−⤦
Ç A64M −N”

Source− r e po s i t o r y head
type : g i t
l o c a t i o n : https : // code . mathr . co . uk/graphgrow . g i t

60

Source− r e po s i t o r y t h i s
type : g i t
l o c a t i o n : https : // code . mathr . co . uk/graphgrow . g i t
tag : v2 . 1

63 LICENSE

GNU GENERAL PUBLIC LICENSE
Vers ion 3 , 29 June 2007

Copyright (C) 2007 Free Software Foundation , Inc . <http :// f s f . org/>
5 Everyone i s permitted to copy and d i s t r i b u t e verbatim cop i e s

o f t h i s l i c e n s e document , but changing i t i s not a l lowed .

Preamble

10 The GNU General Publ ic L i cense i s a f r e e , c opy l e f t l i c e n s e f o r
so f tware and other k inds o f works .

The l i c e n s e s f o r most so f tware and other p r a c t i c a l works are des igned
to take away your freedom to share and change the works . By contras t ,

15 the GNU General Publ ic L i cense i s intended to guarantee your freedom to
share and change a l l v e r s i on s o f a program−−to make sure i t remains f r e e
so f tware f o r a l l i t s u s e r s . We, the Free Software Foundation , use the
GNU General Publ ic L i cense f o r most o f our so f tware ; i t a pp l i e s a l s o to
any other work r e l e a s e d t h i s way by i t s authors . You can apply i t to

20 your programs , too .

When we speak o f f r e e so ftware , we are r e f e r r i n g to freedom , not
p r i c e . Our General Publ ic L i c en s e s are des igned to make sure that you
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have the freedom to d i s t r i b u t e cop i e s o f f r e e so f tware ( and charge f o r
25 them i f you wish ) , that you r e c e i v e source code or can get i t i f you

want i t , that you can change the so f tware or use p i e c e s o f i t in new
f r e e programs , and that you know you can do these th ing s .

To pro t e c t your r i gh t s , we need to prevent o the r s from denying you
30 the se r i g h t s or ask ing you to sur render the r i g h t s . Therefore , you have

c e r t a i n r e s p o n s i b i l i t i e s i f you d i s t r i b u t e cop i e s o f the so ftware , or i f
you modify i t : r e s p o n s i b i l i t i e s to r e sp e c t the freedom of o the r s .

For example , i f you d i s t r i b u t e cop i e s o f such a program , whether
35 g r a t i s or f o r a fee , you must pass on to the r e c i p i e n t s the same

freedoms that you r e c e i v ed . You must make sure that they , too , r e c e i v e
or can get the source code . And you must show them these terms so they
know th e i r r i g h t s .

40 Developers that use the GNU GPL pro t e c t your r i g h t s with two s t ep s :
(1 ) a s s e r t copyr ight on the software , and (2 ) o f f e r you t h i s L i cense
g i v i ng you l e g a l permis s ion to copy , d i s t r i b u t e and/ or modify i t .

For the deve lopers ’ and authors ’ p ro tec t i on , the GPL c l e a r l y exp l a i n s
45 that the re i s no warranty f o r t h i s f r e e so f tware . For both users ’ and

authors ’ sake , the GPL r e qu i r e s that modi f i ed v e r s i on s be marked as
changed , so that t h e i r problems w i l l not be a t t r i bu t ed e r roneous ly to
authors o f prev ious v e r s i on s .

50 Some dev i c e s are des igned to deny us e r s a c c e s s to i n s t a l l or run
modi f i ed v e r s i on s o f the so f tware i n s i d e them , although the manufacturer
can do so . This i s fundamental ly incompat ib l e with the aim o f
p ro t e c t i ng users ’ freedom to change the so f tware . The sys temat i c
pattern o f such abuse occurs in the area o f products f o r i n d i v i d u a l s to

55 use , which i s p r e c i s e l y where i t i s most unacceptable . Therefore , we
have des igned t h i s v e r s i on o f the GPL to p roh i b i t the p r a c t i c e f o r those
products . I f such problems a r i s e s u b s t a n t i a l l y in other domains , we
stand ready to extend t h i s p r ov i s i on to those domains in fu tu r e v e r s i on s
o f the GPL, as needed to p ro t e c t the freedom of u s e r s .

60

Fina l ly , every program i s threatened cons tant l y by so f tware patents .
S ta t e s should not a l low patents to r e s t r i c t development and use o f
so f tware on genera l −purpose computers , but in those that do , we wish to
avoid the s p e c i a l danger that patents app l i ed to a f r e e program could

65 make i t e f f e c t i v e l y p rop r i e t a ry . To prevent th i s , the GPL as su r e s that
patents cannot be used to render the program non− f r e e .

The p r e c i s e terms and cond i t i on s f o r copying , d i s t r i b u t i o n and
mod i f i c a t i on f o l l ow .

70

TERMS AND CONDITIONS

0 . De f i n i t i o n s .

75 ”This L i cense ” r e f e r s to ve r s i on 3 o f the GNU General Publ ic L i cense .

”Copyright ” a l s o means copyr ight − l i k e laws that apply to other k inds o f
works , such as semiconductor masks .

80 ”The Program” r e f e r s to any copyr i gh tab l e work l i c e n s e d under t h i s
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License . Each l i c e n s e e i s addressed as ”you ” . ” L i c en s e e s ” and
” r e c i p i e n t s ” may be i nd i v i d u a l s or o r gan i z a t i on s .

To ”modify” a work means to copy from or adapt a l l or part o f the work
85 in a f a sh i on r e qu i r i n g copyr ight permiss ion , other than the making o f an

exact copy . The r e s u l t i n g work i s c a l l e d a ”modi f i ed ve r s i on ” o f the
e a r l i e r work or a work ”based on” the e a r l i e r work .

A ” covered work” means e i t h e r the unmodif ied Program or a work based
90 on the Program .

To ”propagate ” a work means to do anything with i t that , without
permiss ion , would make you d i r e c t l y or s e c onda r i l y l i a b l e f o r
in f r ingement under app l i c ab l e copyr ight law , except execut ing i t on a

95 computer or modifying a p r i va t e copy . Propagation i n c l ud e s copying ,
d i s t r i b u t i o n ( with or without mod i f i c a t i on ) , making a v a i l a b l e to the
publ ic , and in some coun t r i e s other a c t i v i t i e s as we l l .

To ”convey” a work means any kind o f propagat ion that enab l e s other
100 pa r t i e s to make or r e c e i v e cop i e s . Mere i n t e r a c t i o n with a user through

a computer network , with no t r a n s f e r o f a copy , i s not conveying .

An i n t e r a c t i v e user i n t e r f a c e d i s p l a y s ”Appropriate Legal Not i ce s ”
to the extent that i t i n c l ud e s a convenient and prominently v i s i b l e

105 f e a t u r e that (1 ) d i s p l a y s an appropr ia t e copyr ight not i ce , and (2 )
t e l l s the user that the re i s no warranty f o r the work ( except to the
extent that war rant i e s are provided ) , that l i c e n s e e s may convey the
work under t h i s License , and how to view a copy o f t h i s L i cense . I f
the i n t e r f a c e p r e s en t s a l i s t o f user commands or opt ions , such as a

110 menu , a prominent item in the l i s t meets t h i s c r i t e r i o n .

1 . Source Code .

The ” source code” f o r a work means the p r e f e r r e d form o f the work
115 f o r making mod i f i c a t i on s to i t . ”Object code” means any non− source

form o f a work .

A ”Standard I n t e r f a c e ” means an i n t e r f a c e that e i t h e r i s an o f f i c i a l
standard de f ined by a recogn i z ed standards body , or , in the case o f

120 i n t e r f a c e s s p e c i f i e d f o r a p a r t i c u l a r programming language , one that
i s wide ly used among deve l ope r s working in that language .

The ”System L i b r a r i e s ” o f an executab l e work inc lude anything , other
than the work as a whole , that ( a ) i s inc luded in the normal form o f

125 packaging a Major Component , but which i s not part o f that Major
Component , and (b) s e r v e s only to enable use o f the work with that
Major Component , or to implement a Standard I n t e r f a c e f o r which an
implementation i s a v a i l a b l e to the pub l i c in source code form . A
”Major Component” , in t h i s context , means a major e s s e n t i a l component

130 ( kerne l , window system , and so on ) o f the s p e c i f i c opera t ing system
( i f any ) on which the executab l e work runs , or a compi le r used to
produce the work , or an ob j e c t code i n t e r p r e t e r used to run i t .

The ”Corresponding Source ” f o r a work in ob j e c t code form means a l l
135 the source code needed to generate , i n s t a l l , and ( f o r an executab l e

work ) run the ob j e c t code and to modify the work , i n c l ud ing s c r i p t s to
c on t r o l those a c t i v i t i e s . However , i t does not in c lude the work ’ s
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System L ib ra r i e s , or genera l −purpose t o o l s or g en e r a l l y a v a i l a b l e f r e e
programs which are used unmodif ied in per forming those a c t i v i t i e s but

140 which are not part o f the work . For example , Corresponding Source
i n c l ud e s i n t e r f a c e d e f i n i t i o n f i l e s a s s o c i a t ed with source f i l e s f o r
the work , and the source code f o r shared l i b r a r i e s and dynamical ly
l i nked subprograms that the work i s s p e c i f i c a l l y des igned to requ i r e ,
such as by int imate data communication or c on t r o l f low between those

145 subprograms and other par t s o f the work .

The Corresponding Source need not in c lude anything that u s e r s
can r egene ra t e automat i ca l l y from other par t s o f the Corresponding
Source .

150

The Corresponding Source f o r a work in source code form i s that
same work .

2 . Bas ic Permiss ions .
155

Al l r i g h t s granted under t h i s L i cense are granted f o r the term o f
copyr ight on the Program , and are i r r e v o c ab l e provided the s ta t ed
cond i t i on s are met . This L i cense e x p l i c i t l y a f f i rm s your un l imited
permis s ion to run the unmodif ied Program . The output from running a

160 covered work i s covered by t h i s L i cense only i f the output , g iven i t s
content , c o n s t i t u t e s a covered work . This L i cense acknowledges your
r i g h t s o f f a i r use or other equ iva l ent , as provided by copyr ight law .

You may make , run and propagate covered works that you do not
165 convey , without cond i t i on s so long as your l i c e n s e otherwi se remains

in f o r c e . You may convey covered works to o the r s f o r the s o l e purpose
o f having them make mod i f i c a t i on s e x c l u s i v e l y f o r you , or prov ide you
with f a c i l i t i e s f o r running those works , provided that you comply with
the terms o f t h i s L i cense in conveying a l l mate r i a l f o r which you do

170 not c on t r o l copyr ight . Those thus making or running the covered works
f o r you must do so e x c l u s i v e l y on your beha l f , under your d i r e c t i o n
and contro l , on terms that p r oh i b i t them from making any cop i e s o f
your copyr ighted mate r i a l ou t s id e t h e i r r e l a t i o n s h i p with you .

175 Conveying under any other c i r cumstances i s permitted s o l e l y under
the cond i t i on s s ta t ed below . Sub l i c en s i ng i s not a l lowed ; s e c t i o n 10
makes i t unnecessary .

3 . Pro tec t ing Users ’ Legal Rights From Anti−Circumvention Law .
180

No covered work s h a l l be deemed part o f an e f f e c t i v e t e c hno l o g i c a l
measure under any app l i c ab l e law f u l f i l l i n g o b l i g a t i o n s under a r t i c l e
11 o f the WIPO copyr ight t r ea ty adopted on 20 December 1996 , or
s im i l a r laws p r oh i b i t i n g or r e s t r i c t i n g c ircumvent ion o f such

185 measures .

When you convey a covered work , you waive any l e g a l power to f o rb i d
c i rcumvent ion o f t e c hno l o g i c a l measures to the extent such c ircumvent ion
i s e f f e c t e d by e x e r c i s i n g r i g h t s under t h i s L i cense with r e sp e c t to

190 the covered work , and you d i s c l a im any i n t en t i on to l im i t opera t i on or
mod i f i c a t i on o f the work as a means o f en fo rc ing , aga in s t the work ’ s
users , your or th i rd pa r t i e s ’ l e g a l r i g h t s to f o rb i d c i rcumvent ion o f
t e c hno l o g i c a l measures .
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195 4 . Conveying Verbatim Copies .

You may convey verbatim cop i e s o f the Program ’ s source code as you
r e c e i v e i t , in any medium , provided that you consp i cuous ly and
approp r i a t e l y pub l i sh on each copy an appropr ia t e copyr ight no t i c e ;

200 keep i n t a c t a l l n o t i c e s s t a t i n g that t h i s L i cense and any
non−permi s s i v e terms added in accord with s e c t i o n 7 apply to the code ;
keep i n t a c t a l l n o t i c e s o f the absence o f any warranty ; and g ive a l l
r e c i p i e n t s a copy o f t h i s L i cense along with the Program .

205 You may charge any p r i c e or no p r i c e f o r each copy that you convey ,
and you may o f f e r support or warranty p ro t e c t i on f o r a f e e .

5 . Conveying Modif ied Source Vers ions .

210 You may convey a work based on the Program , or the mod i f i c a t i on s to
produce i t from the Program , in the form o f source code under the
terms o f s e c t i o n 4 , provided that you a l s o meet a l l o f the se c ond i t i on s :

a ) The work must car ry prominent no t i c e s s t a t i n g that you modi f i ed
215 i t , and g iv ing a r e l e van t date .

b ) The work must car ry prominent no t i c e s s t a t i n g that i t i s
r e l e a s e d under t h i s L i cense and any cond i t i on s added under s e c t i o n
7 . This requirement mod i f i e s the requirement in s e c t i o n 4 to

220 ”keep i n t a c t a l l n o t i c e s ” .

c ) You must l i c e n s e the e n t i r e work , as a whole , under t h i s
L i cense to anyone who comes in to po s s e s s i on o f a copy . This
L i cense w i l l t h e r e f o r e apply , a long with any app l i c ab l e s e c t i o n 7

225 add i t i o na l terms , to the whole o f the work , and a l l i t s parts ,
r e g a r d l e s s o f how they are packaged . This L i cense g i v e s no
permis s ion to l i c e n s e the work in any other way , but i t does not
i n v a l i d a t e such permis s ion i f you have s epa r a t e l y r e c e i v ed i t .

230 d) I f the work has i n t e r a c t i v e user i n t e r f a c e s , each must d i sp l ay
Appropriate Legal Not i ce s ; however , i f the Program has i n t e r a c t i v e
i n t e r f a c e s that do not d i sp l ay Appropriate Legal Not ices , your
work need not make them do so .

235 A compi la t ion o f a covered work with other s epara t e and independent
works , which are not by t h e i r nature ex t en s i on s o f the covered work ,
and which are not combined with i t such as to form a l a r g e r program ,
in or on a volume o f a s to rage or d i s t r i b u t i o n medium , i s c a l l e d an
” aggregate ” i f the compi la t ion and i t s r e s u l t i n g copyr ight are not

240 used to l im i t the a c c e s s or l e g a l r i g h t s o f the compi lat ion ’ s u s e r s
beyond what the i nd i v i dua l works permit . I n c l u s i o n o f a covered work
in an aggregate does not cause t h i s L i cense to apply to the other
par t s o f the aggregate .

245 6 . Conveying Non−Source Forms .

You may convey a covered work in ob j e c t code form under the terms
o f s e c t i o n s 4 and 5 , provided that you a l s o convey the
machine− r eadab le Corresponding Source under the terms o f t h i s License ,

250 in one o f the se ways :
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a ) Convey the ob j e c t code in , or embodied in , a phy s i c a l product
( i n c l ud ing a phy s i c a l d i s t r i b u t i o n medium) , accompanied by the
Corresponding Source f i x ed on a durable phy s i c a l medium

255 cus tomar i ly used f o r so f tware in te rchange .

b) Convey the ob j e c t code in , or embodied in , a phy s i c a l product
( i n c l ud ing a phy s i c a l d i s t r i b u t i o n medium) , accompanied by a
wr i t t en o f f e r , v a l i d f o r at l e a s t three years and va l i d f o r as

260 long as you o f f e r spare par t s or customer support f o r that product
model , to g ive anyone who po s s e s s e s the ob j e c t code e i t h e r (1 ) a
copy o f the Corresponding Source f o r a l l the so f tware in the
product that i s covered by t h i s License , on a durable phy s i c a l
medium customar i ly used f o r so f tware interchange , f o r a p r i c e no

265 more than your rea sonab l e co s t o f phy s i c a l l y per forming t h i s
conveying o f source , or (2 ) a c c e s s to copy the
Corresponding Source from a network s e r v e r at no charge .

c ) Convey i nd i v i dua l c op i e s o f the ob j e c t code with a copy o f the
270 wr i t t en o f f e r to prov ide the Corresponding Source . This

a l t e r n a t i v e i s a l lowed only o c c a s i o n a l l y and noncommercial ly , and
only i f you r e c e i v ed the ob j e c t code with such an o f f e r , in accord
with subs e c t i on 6b .

275 d) Convey the ob j e c t code by o f f e r i n g ac c e s s from a des ignated
p lace ( g r a t i s or f o r a charge ) , and o f f e r equ iva l en t a c c e s s to the
Corresponding Source in the same way through the same p lace at no
f u r t h e r charge . You need not r e qu i r e r e c i p i e n t s to copy the
Corresponding Source along with the ob j e c t code . I f the p lace to

280 copy the ob j e c t code i s a network se rver , the Corresponding Source
may be on a d i f f e r e n t s e r v e r ( operated by you or a th i rd party )
that supports equ iva l en t copying f a c i l i t i e s , provided you maintain
c l e a r d i r e c t i o n s next to the ob j e c t code say ing where to f i nd the
Corresponding Source . Regard le s s o f what s e r v e r hos t s the

285 Corresponding Source , you remain ob l i g a t ed to ensure that i t i s
a v a i l a b l e f o r as long as needed to s a t i s f y these requ i rements .

e ) Convey the ob j e c t code us ing peer −to−peer t ransmis s ion , provided
you inform other pee r s where the ob j e c t code and Corresponding

290 Source o f the work are being o f f e r e d to the gene ra l pub l i c at no
charge under subse c t i on 6d .

A separab l e por t i on o f the ob j e c t code , whose source code i s excluded
from the Corresponding Source as a System Library , need not be

295 i nc luded in conveying the ob j e c t code work .

A ”User Product” i s e i t h e r (1 ) a ”consumer product ” , which means any
t ang i b l e pe r sona l property which i s normally used f o r persona l , fami ly ,
or household purposes , or (2 ) anything des igned or so ld f o r i n co rpo ra t i on

300 i n to a dwe l l i ng . In determining whether a product i s a consumer product ,
doubt fu l c a s e s s h a l l be r e s o l v ed in favor o f coverage . For a p a r t i c u l a r
product r e c e i v ed by a p a r t i c u l a r user , ” normally used” r e f e r s to a
t yp i c a l or common use o f that c l a s s o f product , r e g a r d l e s s o f the s t a tu s
o f the p a r t i c u l a r user or o f the way in which the p a r t i c u l a r user

305 a c tua l l y uses , or expect s or i s expected to use , the product . A product
i s a consumer product r e g a r d l e s s o f whether the product has s ub s t an t i a l
commercial , i n d u s t r i a l or non−consumer uses , un l e s s such uses r ep r e s en t
the only s i g n i f i c a n t mode o f use o f the product .
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310 ” I n s t a l l a t i o n In format ion ” f o r a User Product means any methods ,
procedures , au tho r i z a t i on keys , or other in fo rmat ion r equ i r ed to i n s t a l l
and execute modi f i ed v e r s i on s o f a covered work in that User Product from
a modi f i ed ve r s i on o f i t s Corresponding Source . The in fo rmat ion must
s u f f i c e to ensure that the cont inued func t i on ing o f the modi f i ed ob j e c t

315 code i s in no case prevented or i n t e r f e r e d with s o l e l y because
mod i f i c a t i on has been made .

I f you convey an ob j e c t code work under t h i s s e c t i o n in , or with , or
s p e c i f i c a l l y f o r use in , a User Product , and the conveying occurs as

320 part o f a t r an sa c t i on in which the r i g h t o f po s s e s s i on and use o f the
User Product i s t r a n s f e r r e d to the r e c i p i e n t in pe rpe tu i ty or f o r a
f i x ed term ( r e g a r d l e s s o f how the t r an sa c t i on i s cha r a c t e r i z ed ) , the
Corresponding Source conveyed under t h i s s e c t i o n must be accompanied
by the I n s t a l l a t i o n In format ion . But t h i s requirement does not apply

325 i f n e i t h e r you nor any th i rd party r e t a i n s the a b i l i t y to i n s t a l l
modi f i ed ob j e c t code on the User Product ( f o r example , the work has
been i n s t a l l e d in ROM) .

The requirement to prov ide I n s t a l l a t i o n In format ion does not in c lude a
330 requirement to cont inue to prov ide support s e r v i c e , warranty , or updates

f o r a work that has been modi f i ed or i n s t a l l e d by the r e c i p i e n t , or f o r
the User Product in which i t has been modi f i ed or i n s t a l l e d . Access to a
network may be denied when the mod i f i c a t i on i t s e l f ma t e r i a l l y and
adve r s e l y a f f e c t s the opera t i on o f the network or v i o l a t e s the r u l e s and

335 p ro t o c o l s f o r communication ac ro s s the network .

Corresponding Source conveyed , and I n s t a l l a t i o n In format ion provided ,
in accord with t h i s s e c t i o n must be in a format that i s pub l i c l y
documented ( and with an implementation a v a i l a b l e to the pub l i c in

340 source code form ) , and must r e qu i r e no s p e c i a l password or key f o r
unpacking , read ing or copying .

7 . Addi t iona l Terms .

345 ”Addi t iona l pe rmi s s i ons ” are terms that supplement the terms o f t h i s
L i cense by making except i on s from one or more o f i t s c ond i t i on s .
Addi t iona l pe rmi s s i ons that are app l i c ab l e to the e n t i r e Program s h a l l
be t r ea t ed as though they were inc luded in t h i s License , to the extent
that they are va l i d under app l i c ab l e law . I f add i t i o na l pe rmi s s i ons

350 apply only to part o f the Program , that part may be used s epa r a t e l y
under those permiss ions , but the e n t i r e Program remains governed by
t h i s L i cense without regard to the add i t i o na l pe rmi s s i ons .

When you convey a copy o f a covered work , you may at your opt ion
355 remove any add i t i o na l pe rmi s s i ons from that copy , or from any part o f

i t . ( Addi t iona l pe rmi s s i ons may be wr i t t en to r e qu i r e t h e i r own
removal in c e r t a i n ca s e s when you modify the work . ) You may p lace
add i t i o na l pe rmi s s i ons on mater ia l , added by you to a covered work ,
f o r which you have or can g ive appropr ia t e copyr ight permis s ion .

360

Notwithstanding any other p r ov i s i on o f t h i s License , f o r mate r i a l you
add to a covered work , you may ( i f author i zed by the copyr ight ho lde r s o f
that mate r i a l ) supplement the terms o f t h i s L i cense with terms :

365 a ) Disc la iming warranty or l im i t i n g l i a b i l i t y d i f f e r e n t l y from the
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terms o f s e c t i o n s 15 and 16 o f t h i s L i cense ; or

b) Requir ing p r e s e r va t i on o f s p e c i f i e d rea sonab l e l e g a l n o t i c e s or
author a t t r i b u t i o n s in that mate r i a l or in the Appropriate Legal

370 Not ice s d i sp l ayed by works conta in ing i t ; or

c ) Proh ib i t i ng mi s r ep r e s en ta t i on o f the o r i g i n o f that mater ia l , or
r e qu i r i n g that modi f i ed v e r s i on s o f such mate r i a l be marked in
rea sonab l e ways as d i f f e r e n t from the o r i g i n a l v e r s i on ; or

375

d) Limit ing the use f o r pub l i c i t y purposes o f names o f l i c e n s o r s or
authors o f the mate r i a l ; or

e ) Dec l in ing to grant r i g h t s under trademark law f o r use o f some
380 t rade names , trademarks , or s e r v i c e marks ; or

f ) Requir ing i ndemn i f i c a t i on o f l i c e n s o r s and authors o f that
mate r i a l by anyone who conveys the mate r i a l ( or modi f i ed v e r s i on s o f
i t ) with con t ra c tua l assumptions o f l i a b i l i t y to the r e c i p i e n t , f o r

385 any l i a b i l i t y that these con t r a c tua l assumptions d i r e c t l y impose on
those l i c e n s o r s and authors .

Al l other non−permi s s i v e add i t i ona l terms are cons ide r ed ” f u r t h e r
r e s t r i c t i o n s ” with in the meaning o f s e c t i o n 10 . I f the Program as you

390 r e c e i v ed i t , or any part o f i t , conta in s a no t i c e s t a t i n g that i t i s
governed by t h i s L i cense along with a term that i s a f u r t h e r
r e s t r i c t i o n , you may remove that term . I f a l i c e n s e document conta in s
a f u r t h e r r e s t r i c t i o n but permits r e l i c e n s i n g or conveying under t h i s
License , you may add to a covered work mate r i a l governed by the terms

395 o f that l i c e n s e document , provided that the f u r t h e r r e s t r i c t i o n does
not su rv iv e such r e l i c e n s i n g or conveying .

I f you add terms to a covered work in accord with t h i s s e c t i on , you
must place , in the r e l e van t source f i l e s , a statement o f the

400 add i t i o na l terms that apply to those f i l e s , or a no t i c e i nd i c a t i n g
where to f i nd the app l i c ab l e terms .

Addi t iona l terms , pe rmi s s i v e or non−permiss ive , may be s ta t ed in the
form o f a s epa r a t e l y wr i t t en l i c e n s e , or s ta t ed as except i on s ;

405 the above requi rements apply e i t h e r way .

8 . Termination .

You may not propagate or modify a covered work except as exp r e s s l y
410 provided under t h i s L i cense . Any attempt otherwi s e to propagate or

modify i t i s void , and w i l l automat i ca l l y terminate your r i g h t s under
t h i s L i cense ( i n c l ud ing any patent l i c e n s e s granted under the th i rd
paragraph o f s e c t i o n 11) .

415 However , i f you cease a l l v i o l a t i o n o f t h i s License , then your
l i c e n s e from a pa r t i c u l a r copyr ight ho lder i s r e i n s t a t e d ( a )
p r ov i s i o n a l l y , un l e s s and un t i l the copyr ight ho lder e x p l i c i t l y and
f i n a l l y te rminates your l i c e n s e , and (b) permanently , i f the copyr ight
ho lder f a i l s to no t i f y you o f the v i o l a t i o n by some reasonab l e means

420 p r i o r to 60 days a f t e r the c e s s a t i o n .

Moreover , your l i c e n s e from a pa r t i c u l a r copyr ight ho lder i s
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r e i n s t a t e d permanently i f the copyr ight ho lder n o t i f i e s you o f the
v i o l a t i o n by some reasonab l e means , t h i s i s the f i r s t time you have

425 r e c e i v ed no t i c e o f v i o l a t i o n o f t h i s L i cense ( f o r any work ) from that
copyr ight holder , and you cure the v i o l a t i o n p r i o r to 30 days a f t e r
your r e c e i p t o f the no t i c e .

Termination o f your r i g h t s under t h i s s e c t i o n does not terminate the
430 l i c e n s e s o f p a r t i e s who have r e c e i v ed cop i e s or r i g h t s from you under

t h i s L i cense . I f your r i g h t s have been terminated and not permanently
r e i n s t a t ed , you do not qu a l i f y to r e c e i v e new l i c e n s e s f o r the same
mate r i a l under s e c t i o n 10 .

435 9 . Acceptance Not Required f o r Having Copies .

You are not r equ i r ed to accept t h i s L i cense in order to r e c e i v e or
run a copy o f the Program . Anc i l l a r y propagat ion o f a covered work
occur r ing s o l e l y as a consequence o f us ing peer −to−peer t ransmi s s i on

440 to r e c e i v e a copy l i k ew i s e does not r e qu i r e acceptance . However ,
nothing other than t h i s L i cense grants you permis s ion to propagate or
modify any covered work . These a c t i on s i n f r i n g e copyr ight i f you do
not accept t h i s L i cense . Therefore , by modifying or propagat ing a
covered work , you i nd i c a t e your acceptance o f t h i s L i cense to do so .

445

10 . Automatic L i c ens ing o f Downstream Rec ip i en t s .

Each time you convey a covered work , the r e c i p i e n t automat i ca l l y
r e c e i v e s a l i c e n s e from the o r i g i n a l l i c e n s o r s , to run , modify and

450 propagate that work , sub j e c t to t h i s L i cense . You are not r e s p on s i b l e
f o r en f o r c i ng compliance by th i rd p a r t i e s with t h i s L i cense .

An ” en t i t y t r an sa c t i on ” i s a t r an sa c t i on t r a n s f e r r i n g con t r o l o f an
organ i za t i on , or s u b s t a n t i a l l y a l l a s s e t s o f one , or subd iv id ing an

455 organ i za t i on , or merging o r gan i z a t i on s . I f propagat ion o f a covered
work r e s u l t s from an en t i t y t ransac t i on , each party to that
t r an sa c t i on who r e c e i v e s a copy o f the work a l s o r e c e i v e s whatever
l i c e n s e s to the work the party ’ s p r edec e s s o r in i n t e r e s t had or could
g ive under the prev ious paragraph , p lus a r i g h t to po s s e s s i on o f the

460 Corresponding Source o f the work from the pr edec e s so r in i n t e r e s t , i f
the p r edec e s s o r has i t or can get i t with rea sonab l e e f f o r t s .

You may not impose any f u r t h e r r e s t r i c t i o n s on the e x e r c i s e o f the
r i g h t s granted or a f f i rmed under t h i s L i cense . For example , you may

465 not impose a l i c e n s e fee , roya l ty , or other charge f o r e x e r c i s e o f
r i g h t s granted under t h i s License , and you may not i n i t i a t e l i t i g a t i o n
( i n c l ud ing a cros s −c la im or counterc la im in a l awsu i t ) a l l e g i n g that
any patent c la im i s i n f r i n g e d by making , using , s e l l i n g , o f f e r i n g f o r
sa l e , or import ing the Program or any por t i on o f i t .

470

11 . Patents .

A ” con t r i bu to r ” i s a copyr ight ho lder who au tho r i z e s use under t h i s
L i cense o f the Program or a work on which the Program i s based . The

475 work thus l i c e n s e d i s c a l l e d the contr ibutor ’ s ” con t r i bu to r v e r s i on ” .

A contr ibutor ’ s ” e s s e n t i a l patent c la ims ” are a l l patent c la ims
owned or c on t r o l l e d by the cont r ibutor , whether a l r eady acqu i red or
h e r e a f t e r acquired , that would be i n f r i n g e d by some manner , permitted
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480 by t h i s License , o f making , using , or s e l l i n g i t s c on t r i bu to r ver s ion ,
but do not in c lude c la ims that would be i n f r i n g e d only as a
consequence o f f u r t h e r mod i f i c a t i on o f the con t r i bu to r ve r s i on . For
purposes o f t h i s d e f i n i t i o n , ” c on t r o l ” i n c l ud e s the r i g h t to grant
patent s ub l i c e n s e s in a manner c on s i s t e n t with the requi rements o f

485 t h i s L i cense .

Each con t r i bu to r grants you a non− exc lu s i v e , worldwide , roya l ty − f r e e
patent l i c e n s e under the cont r ibutor ’ s e s s e n t i a l patent c la ims , to
make , use , s e l l , o f f e r f o r sa l e , import and otherw i s e run , modify and

490 propagate the contents o f i t s c on t r i bu to r ve r s i on .

In the f o l l ow i n g three paragraphs , a ” patent l i c e n s e ” i s any expre s s
agreement or commitment , however denominated , not to en f o r c e a patent
( such as an expre s s permis s ion to p r a c t i c e a patent or covenant not to

495 sue f o r patent in f r ingement ) . To ” grant ” such a patent l i c e n s e to a
party means to make such an agreement or commitment not to en f o r c e a
patent aga in s t the party .

I f you convey a covered work , knowingly r e l y i n g on a patent l i c e n s e ,
500 and the Corresponding Source o f the work i s not a v a i l a b l e f o r anyone

to copy , f r e e o f charge and under the terms o f t h i s License , through a
pub l i c l y a v a i l a b l e network s e r v e r or other r e a d i l y a c c e s s i b l e means ,
then you must e i t h e r (1 ) cause the Corresponding Source to be so
ava i l ab l e , or (2 ) arrange to depr ive y ou r s e l f o f the b en e f i t o f the

505 patent l i c e n s e f o r t h i s p a r t i c u l a r work , or (3 ) arrange , in a manner
c on s i s t e n t with the requi rements o f t h i s License , to extend the patent
l i c e n s e to downstream r e c i p i e n t s . ”Knowingly r e l y i n g ” means you have
ac tua l knowledge that , but f o r the patent l i c e n s e , your conveying the
covered work in a country , or your r e c i p i e n t ’ s use o f the covered work

510 in a country , would i n f r i n g e one or more i d e n t i f i a b l e patents in that
country that you have reason to b e l i e v e are va l i d .

I f , pursuant to or in connect ion with a s i n g l e t r an sa c t i on or
arrangement , you convey , or propagate by procur ing conveyance of , a

515 covered work , and grant a patent l i c e n s e to some o f the p a r t i e s
r e c e i v i n g the covered work autho r i z i ng them to use , propagate , modify
or convey a s p e c i f i c copy o f the covered work , then the patent l i c e n s e
you grant i s automat i ca l l y extended to a l l r e c i p i e n t s o f the covered
work and works based on i t .

520

A patent l i c e n s e i s ” d i s c r im ina to ry ” i f i t does not in c lude with in
the scope o f i t s coverage , p r oh i b i t s the e x e r c i s e of , or i s
cond i t i oned on the non− e x e r c i s e o f one or more o f the r i g h t s that are
s p e c i f i c a l l y granted under t h i s L i cense . You may not convey a covered

525 work i f you are a party to an arrangement with a th i rd party that i s
in the bus in e s s o f d i s t r i b u t i n g software , under which you make payment
to the th i rd party based on the extent o f your a c t i v i t y o f conveying
the work , and under which the th i rd party grants , to any o f the
p a r t i e s who would r e c e i v e the covered work from you , a d i s c r im ina to ry

530 patent l i c e n s e ( a ) in connect ion with cop i e s o f the covered work
conveyed by you ( or cop i e s made from those cop i e s ) , or (b) p r imar i l y
f o r and in connect ion with s p e c i f i c products or compi l a t i ons that
conta in the covered work , un l e s s you entered in to that arrangement ,
or that patent l i c e n s e was granted , p r i o r to 28 March 2007 .

535

Nothing in t h i s L i cense s h a l l be construed as exc lud ing or l im i t i n g
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any impl i ed l i c e n s e or other de f en s e s to in f r ingement that may
otherwi s e be a v a i l a b l e to you under app l i c ab l e patent law .

540 12 . No Surrender o f Others ’ Freedom .

I f c ond i t i on s are imposed on you ( whether by court order , agreement or
otherwi s e ) that con t r ad i c t the cond i t i on s o f t h i s License , they do not
excuse you from the cond i t i on s o f t h i s L i cense . I f you cannot convey a

545 covered work so as to s a t i s f y s imul taneous ly your o b l i g a t i o n s under t h i s
L i cense and any other pe r t i n en t ob l i g a t i on s , then as a consequence you may
not convey i t at a l l . For example , i f you agree to terms that ob l i g a t e you
to c o l l e c t a roya l ty f o r f u r t h e r conveying from those to whom you convey
the Program , the only way you could s a t i s f y both those terms and t h i s

550 License would be to r e f r a i n e n t i r e l y from conveying the Program .

13 . Use with the GNU Af fe ro General Publ ic L i cense .

Notwithstanding any other p r ov i s i on o f t h i s License , you have
555 permis s ion to l i n k or combine any covered work with a work l i c e n s e d

under ve r s i on 3 o f the GNU Af f e ro General Publ ic L i cense in to a s i n g l e
combined work , and to convey the r e s u l t i n g work . The terms o f t h i s
L i cense w i l l cont inue to apply to the part which i s the covered work ,
but the s p e c i a l requ i rements o f the GNU Af fe ro General Publ ic License ,

560 s e c t i o n 13 , concern ing i n t e r a c t i o n through a network w i l l apply to the
combination as such .

14 . Revised Vers ions o f t h i s L i cense .

565 The Free Software Foundation may pub l i sh r e v i s ed and/or new ve r s i on s o f
the GNU General Publ ic L i cense from time to time . Such new ve r s i on s w i l l
be s im i l a r in s p i r i t to the pre sent ver s ion , but may d i f f e r in d e t a i l to
address new problems or concerns .

570 Each ve r s i on i s g iven a d i s t i n g u i s h i n g ve r s i on number . I f the
Program s p e c i f i e s that a c e r t a i n numbered ve r s i on o f the GNU General
Publ ic L i cense ” or any l a t e r v e r s i on ” app l i e s to i t , you have the
opt ion o f f o l l ow i ng the terms and cond i t i on s e i t h e r o f that numbered
ve r s i on or o f any l a t e r v e r s i on publ i shed by the Free Software

575 Foundation . I f the Program does not s p e c i f y a ve r s i on number o f the
GNU General Publ ic License , you may choose any ve r s i on ever publ i shed
by the Free Software Foundation .

I f the Program s p e c i f i e s that a proxy can dec ide which fu tu r e
580 v e r s i on s o f the GNU General Publ ic L i cense can be used , that proxy ’ s

pub l i c statement o f acceptance o f a ve r s i on permanently au tho r i z e s you
to choose that ve r s i on f o r the Program .

Later l i c e n s e v e r s i on s may g ive you add i t i ona l or d i f f e r e n t
585 permi s s i ons . However , no add i t i o na l o b l i g a t i o n s are imposed on any

author or copyr ight ho lder as a r e s u l t o f your choos ing to f o l l ow a
l a t e r v e r s i on .

15 . D i sc la imer o f Warranty .
590

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT
HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM ”AS IS” WITHOUT WARRANTY

156



graphgrow LICENSE

OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO,
595 THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR

PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM
IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF
ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

600 16 . L imi tat ion o f L i a b i l i t y .

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS
THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY

605 GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE
USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF
DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD
PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS) ,
EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF

610 SUCH DAMAGES.

17 . I n t e r p r e t a t i o n o f Se c t i on s 15 and 16 .

I f the d i s c l a ime r o f warranty and l im i t a t i o n o f l i a b i l i t y provided
615 above cannot be g iven l o c a l l e g a l e f f e c t accord ing to t h e i r terms ,

r ev i ewing cour t s s h a l l apply l o c a l law that most c l o s e l y approximates
an abso lu t e waiver o f a l l c i v i l l i a b i l i t y in connect ion with the
Program , un l e s s a warranty or assumption o f l i a b i l i t y accompanies a
copy o f the Program in return f o r a f e e .

620

END OF TERMS AND CONDITIONS

How to Apply These Terms to Your New Programs

625 I f you develop a new program , and you want i t to be o f the g r e a t e s t
p o s s i b l e use to the publ ic , the bes t way to ach ieve t h i s i s to make i t
f r e e so f tware which everyone can r e d i s t r i b u t e and change under these terms .

To do so , attach the f o l l ow i n g no t i c e s to the program . I t i s s a f e s t
630 to attach them to the s t a r t o f each source f i l e to most e f f e c t i v e l y

s t a t e the ex c l u s i on o f warranty ; and each f i l e should have at l e a s t
the ” copyr ight ” l i n e and a po in t e r to where the f u l l no t i c e i s found .

<one l i n e to g ive the program ’ s name and a b r i e f idea o f what i t does .>
635 Copyright (C) <year> <name o f author>

This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or

640 ( at your opt ion ) any l a t e r v e r s i on .

This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the

645 GNU General Publ ic L i cense f o r more d e t a i l s .

You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

650 Also add in fo rmat ion on how to contact you by e l e c t r o n i c and paper mail .
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I f the program does te rmina l i n t e r a c t i on , make i t output a shor t
no t i c e l i k e t h i s when i t s t a r t s in an i n t e r a c t i v e mode :

655 <program> Copyright (C) <year> <name o f author>
This program comes with ABSOLUTELY NO WARRANTY; f o r d e t a i l s type ‘ show w’ .
This i s f r e e so f tware , and you are welcome to r e d i s t r i b u t e i t
under c e r t a i n cond i t i on s ; type ‘ show c ’ f o r d e t a i l s .

660 The hypo the t i c a l commands ‘ show w’ and ‘ show c ’ should show the appropr ia t e
par t s o f the General Publ ic L i cense . Of course , your program ’ s commands
might be d i f f e r e n t ; f o r a GUI i n t e r f a c e , you would use an ”about box ” .

You should a l s o get your employer ( i f you work as a programmer ) or schoo l ,
665 i f any , to s i gn a ” copyr ight d i s c l a ime r ” f o r the program , i f nece s sa ry .

For more in fo rmat ion on th i s , and how to apply and f o l l ow the GNU GPL, see
<http ://www. gnu . org / l i c e n s e s />.

The GNU General Publ ic L i cense does not permit i n co rpo ra t i ng your program
670 i n to p rop r i e t a ry programs . I f your program i s a subrout ine l i b r a ry , you

may cons id e r i t more u s e f u l to permit l i n k i n g p rop r i e t a ry app l i c a t i o n s with
the l i b r a r y . I f t h i s i s what you want to do , use the GNU Lesse r General
Publ ic L i cense in s t ead o f t h i s L i cense . But f i r s t , p l e a s e read
<http ://www. gnu . org / phi losophy /why−not− l g p l . html>.

64 README

data/ has some l a r g e r example graphs
b ib l e −pg10 . gg2 http ://www. gutenberg . org / ebooks /10
ha ske l l − i r c . gg2 http :// tunes . org /˜ ne f / l o g s / h a s k e l l /
netbehaviour . gg2 http ://www. netbehaviour . org / p ipe rma i l / netbehaviour /

5

ext ra /mk. hs can be used to ex t r a c t markov chain word graphs from text

65 Setup.hs

import D i s t r i bu t i on . Simple
main = defaultMain

66 the-sky-cracked-open/ChangeLog.md

# Revis ion h i s t o r y f o r the−sky−cracked −open

## 0 . 1 . 0 . 0 −− YYYY−mm−dd

5 ∗ F i r s t v e r s i on . Released on an unsuspect ing world .

67 the-sky-cracked-open/colour.frag

#ver s i on 130
uniform sampler2DArray s r c ;
uniform f l o a t er ;
uniform f l o a t rho ;

5 uniform f l o a t p i x e l S i z e ;
uniform f l o a t speed ;
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void main ( ) {
vec2 p = gl TexCoord [ 0 ] . xy ;

10 vec2 z = texture ( src , vec3 (p , 0 . 0 ) ) . xy ;
/∗

f l o a t zk = er ∗ pow(1 . 0/ rho , f r a c t ( z . x ) ) ;
f l o a t d = zk ∗ l og ( zk ) / z . y ;
f l o a t g = tanh ( clamp (d / length (dFdx(p) ) , 0 . 0 , 4 . 0 ) ) ;

15 gl FragData [ 0 ] = vec4 ( vec3 ( g ) , 1 . 0 ) ;
∗/

f l o a t n = z . x ∗ speed ;
vec3 yuv ;
i f (n < 0 . 0 ) {

20 yuv = vec3 ( 0 . 0 ) ;
} e l s e {

yuv = vec3 ( clamp ( log ( 1 . 0 + n / 4 . 0 ) , 0 . 0 , 1 . 0 ) , 0 .125 ∗ s i n (n) , −0.125 ∗ cos⤦
Ç (n) ) ;

}
vec3 rgb = yuv ∗ mat3 ( 1 . 0 , 0 . 0 , 1 . 4 , 1 . 0 , −0.395 , −0.581 , 1 . 0 , 2 . 03 , 0 . 0 ) ;

25 gl FragData [ 0 ] = vec4 ( rgb , 1 . 0 ) ;
}

68 the-sky-cracked-open/initial.frag

#ver s i on 130
uniform f l o a t er ;
uniform f l o a t rho ;

5 void main ( ) {
vec2 p = er ∗ ( gl TexCoord [ 0 ] . xy ∗ 2 .0 − vec2 ( 1 . 0 ) ) ;
f l o a t l = length (p) ;
f l o a t n ;
i f ( l >= er ) {

10 n = 0 . 0 ;
} e l s e i f ( e r > l && l >= rho ∗ er ) {

n = ( log ( er ) − l og ( l ) ) / − l og ( rho ) ;
} e l s e {

n = −1 .0 ;
15 }

gl FragData [ 0 ] = vec4 (n , 1 . 0 , 0 . 0 , 0 . 0 ) ;
}

69 the-sky-cracked-open/LICENSE

GNU GENERAL PUBLIC LICENSE
Vers ion 3 , 29 June 2007

Copyright (C) 2007 Free Software Foundation , Inc . <http :// f s f . org/>
5 Everyone i s permitted to copy and d i s t r i b u t e verbatim cop i e s

o f t h i s l i c e n s e document , but changing i t i s not a l lowed .

Preamble

10 The GNU General Publ ic L i cense i s a f r e e , c opy l e f t l i c e n s e f o r
so f tware and other k inds o f works .
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The l i c e n s e s f o r most so f tware and other p r a c t i c a l works are des igned
to take away your freedom to share and change the works . By contras t ,

15 the GNU General Publ ic L i cense i s intended to guarantee your freedom to
share and change a l l v e r s i on s o f a program−−to make sure i t remains f r e e
so f tware f o r a l l i t s u s e r s . We, the Free Software Foundation , use the
GNU General Publ ic L i cense f o r most o f our so f tware ; i t a pp l i e s a l s o to
any other work r e l e a s e d t h i s way by i t s authors . You can apply i t to

20 your programs , too .

When we speak o f f r e e so ftware , we are r e f e r r i n g to freedom , not
p r i c e . Our General Publ ic L i c en s e s are des igned to make sure that you
have the freedom to d i s t r i b u t e cop i e s o f f r e e so f tware ( and charge f o r

25 them i f you wish ) , that you r e c e i v e source code or can get i t i f you
want i t , that you can change the so f tware or use p i e c e s o f i t in new
f r e e programs , and that you know you can do these th ing s .

To pro t e c t your r i gh t s , we need to prevent o the r s from denying you
30 the se r i g h t s or ask ing you to sur render the r i g h t s . Therefore , you have

c e r t a i n r e s p o n s i b i l i t i e s i f you d i s t r i b u t e cop i e s o f the so ftware , or i f
you modify i t : r e s p o n s i b i l i t i e s to r e sp e c t the freedom of o the r s .

For example , i f you d i s t r i b u t e cop i e s o f such a program , whether
35 g r a t i s or f o r a fee , you must pass on to the r e c i p i e n t s the same

freedoms that you r e c e i v ed . You must make sure that they , too , r e c e i v e
or can get the source code . And you must show them these terms so they
know th e i r r i g h t s .

40 Developers that use the GNU GPL pro t e c t your r i g h t s with two s t ep s :
(1 ) a s s e r t copyr ight on the software , and (2 ) o f f e r you t h i s L i cense
g i v i ng you l e g a l permis s ion to copy , d i s t r i b u t e and/ or modify i t .

For the deve lopers ’ and authors ’ p ro tec t i on , the GPL c l e a r l y exp l a i n s
45 that the re i s no warranty f o r t h i s f r e e so f tware . For both users ’ and

authors ’ sake , the GPL r e qu i r e s that modi f i ed v e r s i on s be marked as
changed , so that t h e i r problems w i l l not be a t t r i bu t ed e r roneous ly to
authors o f prev ious v e r s i on s .

50 Some dev i c e s are des igned to deny us e r s a c c e s s to i n s t a l l or run
modi f i ed v e r s i on s o f the so f tware i n s i d e them , although the manufacturer
can do so . This i s fundamental ly incompat ib le with the aim o f
p ro t e c t i ng users ’ freedom to change the so f tware . The sys temat i c
pattern o f such abuse occurs in the area o f products f o r i n d i v i d u a l s to

55 use , which i s p r e c i s e l y where i t i s most unacceptable . Therefore , we
have des igned t h i s v e r s i on o f the GPL to p roh i b i t the p r a c t i c e f o r those
products . I f such problems a r i s e s u b s t a n t i a l l y in other domains , we
stand ready to extend t h i s p r ov i s i on to those domains in fu tu r e v e r s i on s
o f the GPL, as needed to p ro t e c t the freedom of u s e r s .

60

Fina l ly , every program i s threatened cons tant ly by so f tware patents .
S ta t e s should not a l low patents to r e s t r i c t development and use o f
so f tware on genera l −purpose computers , but in those that do , we wish to
avoid the s p e c i a l danger that patents app l i ed to a f r e e program could

65 make i t e f f e c t i v e l y p rop r i e t a ry . To prevent th i s , the GPL as su r e s that
patents cannot be used to render the program non− f r e e .

The p r e c i s e terms and cond i t i on s f o r copying , d i s t r i b u t i o n and
mod i f i c a t i on f o l l ow .
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70

TERMS AND CONDITIONS

0 . De f i n i t i o n s .

75 ”This L i cense ” r e f e r s to ve r s i on 3 o f the GNU General Publ ic L i cense .

”Copyright ” a l s o means copyr ight − l i k e laws that apply to other k inds o f
works , such as semiconductor masks .

80 ”The Program” r e f e r s to any copyr i gh tab l e work l i c e n s e d under t h i s
L i cense . Each l i c e n s e e i s addressed as ”you ” . ” L i c en s e e s ” and
” r e c i p i e n t s ” may be i nd i v i d u a l s or o r gan i z a t i on s .

To ”modify” a work means to copy from or adapt a l l or part o f the work
85 in a f a sh i on r e qu i r i n g copyr ight permiss ion , other than the making o f an

exact copy . The r e s u l t i n g work i s c a l l e d a ”modi f i ed ve r s i on ” o f the
e a r l i e r work or a work ”based on” the e a r l i e r work .

A ” covered work” means e i t h e r the unmodif ied Program or a work based
90 on the Program .

To ”propagate ” a work means to do anything with i t that , without
permiss ion , would make you d i r e c t l y or s e c onda r i l y l i a b l e f o r
in f r ingement under app l i c ab l e copyr ight law , except execut ing i t on a

95 computer or modifying a p r i va t e copy . Propagation i n c l ud e s copying ,
d i s t r i b u t i o n ( with or without mod i f i c a t i on ) , making a v a i l a b l e to the
publ ic , and in some coun t r i e s other a c t i v i t i e s as we l l .

To ”convey” a work means any kind o f propagat ion that enab l e s other
100 pa r t i e s to make or r e c e i v e cop i e s . Mere i n t e r a c t i o n with a user through

a computer network , with no t r a n s f e r o f a copy , i s not conveying .

An i n t e r a c t i v e user i n t e r f a c e d i s p l a y s ”Appropriate Legal Not i ce s ”
to the extent that i t i n c l ud e s a convenient and prominently v i s i b l e

105 f e a t u r e that (1 ) d i s p l a y s an appropr ia t e copyr ight not i ce , and (2 )
t e l l s the user that the re i s no warranty f o r the work ( except to the
extent that war rant i e s are provided ) , that l i c e n s e e s may convey the
work under t h i s License , and how to view a copy o f t h i s L i cense . I f
the i n t e r f a c e p r e s en t s a l i s t o f user commands or opt ions , such as a

110 menu , a prominent item in the l i s t meets t h i s c r i t e r i o n .

1 . Source Code .

The ” source code” f o r a work means the p r e f e r r e d form o f the work
115 f o r making mod i f i c a t i on s to i t . ”Object code” means any non− source

form o f a work .

A ”Standard I n t e r f a c e ” means an i n t e r f a c e that e i t h e r i s an o f f i c i a l
standard de f ined by a recogn i z ed standards body , or , in the case o f

120 i n t e r f a c e s s p e c i f i e d f o r a p a r t i c u l a r programming language , one that
i s wide ly used among deve l ope r s working in that language .

The ”System L i b r a r i e s ” o f an executab l e work inc lude anything , other
than the work as a whole , that ( a ) i s inc luded in the normal form o f

125 packaging a Major Component , but which i s not part o f that Major
Component , and (b) s e r v e s only to enable use o f the work with that
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Major Component , or to implement a Standard I n t e r f a c e f o r which an
implementation i s a v a i l a b l e to the pub l i c in source code form . A
”Major Component” , in t h i s context , means a major e s s e n t i a l component

130 ( kerne l , window system , and so on ) o f the s p e c i f i c opera t ing system
( i f any ) on which the executab l e work runs , or a compi le r used to
produce the work , or an ob j e c t code i n t e r p r e t e r used to run i t .

The ”Corresponding Source ” f o r a work in ob j e c t code form means a l l
135 the source code needed to generate , i n s t a l l , and ( f o r an executab l e

work ) run the ob j e c t code and to modify the work , i n c l ud ing s c r i p t s to
c on t r o l those a c t i v i t i e s . However , i t does not in c lude the work ’ s
System L ib ra r i e s , or genera l −purpose t o o l s or g en e r a l l y a v a i l a b l e f r e e
programs which are used unmodif ied in per forming those a c t i v i t i e s but

140 which are not part o f the work . For example , Corresponding Source
i n c l ud e s i n t e r f a c e d e f i n i t i o n f i l e s a s s o c i a t ed with source f i l e s f o r
the work , and the source code f o r shared l i b r a r i e s and dynamical ly
l i nked subprograms that the work i s s p e c i f i c a l l y des igned to requ i r e ,
such as by int imate data communication or c on t r o l f low between those

145 subprograms and other par t s o f the work .

The Corresponding Source need not in c lude anything that u s e r s
can r egene ra t e automat i ca l l y from other par t s o f the Corresponding
Source .

150

The Corresponding Source f o r a work in source code form i s that
same work .

2 . Bas ic Permiss ions .
155

Al l r i g h t s granted under t h i s L i cense are granted f o r the term o f
copyr ight on the Program , and are i r r e v o c ab l e provided the s ta t ed
cond i t i on s are met . This L i cense e x p l i c i t l y a f f i rm s your un l imited
permis s ion to run the unmodif ied Program . The output from running a

160 covered work i s covered by t h i s L i cense only i f the output , g iven i t s
content , c o n s t i t u t e s a covered work . This L i cense acknowledges your
r i g h t s o f f a i r use or other equ iva l ent , as provided by copyr ight law .

You may make , run and propagate covered works that you do not
165 convey , without cond i t i on s so long as your l i c e n s e otherwi se remains

in f o r c e . You may convey covered works to o the r s f o r the s o l e purpose
o f having them make mod i f i c a t i on s e x c l u s i v e l y f o r you , or prov ide you
with f a c i l i t i e s f o r running those works , provided that you comply with
the terms o f t h i s L i cense in conveying a l l mate r i a l f o r which you do

170 not c on t r o l copyr ight . Those thus making or running the covered works
f o r you must do so e x c l u s i v e l y on your beha l f , under your d i r e c t i o n
and contro l , on terms that p r oh i b i t them from making any cop i e s o f
your copyr ighted mate r i a l ou t s id e t h e i r r e l a t i o n s h i p with you .

175 Conveying under any other c i r cumstances i s permitted s o l e l y under
the cond i t i on s s ta t ed below . Sub l i c en s i ng i s not a l lowed ; s e c t i o n 10
makes i t unnecessary .

3 . Pro tec t ing Users ’ Legal Rights From Anti−Circumvention Law .
180

No covered work s h a l l be deemed part o f an e f f e c t i v e t e c hno l o g i c a l
measure under any app l i c ab l e law f u l f i l l i n g o b l i g a t i o n s under a r t i c l e
11 o f the WIPO copyr ight t r ea ty adopted on 20 December 1996 , or
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s im i l a r laws p r oh i b i t i n g or r e s t r i c t i n g c ircumvent ion o f such
185 measures .

When you convey a covered work , you waive any l e g a l power to f o rb i d
c i rcumvent ion o f t e c hno l o g i c a l measures to the extent such c ircumvent ion
i s e f f e c t e d by e x e r c i s i n g r i g h t s under t h i s L i cense with r e sp e c t to

190 the covered work , and you d i s c l a im any i n t en t i on to l im i t opera t i on or
mod i f i c a t i on o f the work as a means o f en fo rc ing , aga in s t the work ’ s
users , your or th i rd pa r t i e s ’ l e g a l r i g h t s to f o rb i d c i rcumvent ion o f
t e c hno l o g i c a l measures .

195 4 . Conveying Verbatim Copies .

You may convey verbatim cop i e s o f the Program ’ s source code as you
r e c e i v e i t , in any medium , provided that you consp i cuous ly and
approp r i a t e l y pub l i sh on each copy an appropr ia t e copyr ight no t i c e ;

200 keep i n t a c t a l l n o t i c e s s t a t i n g that t h i s L i cense and any
non−permi s s i v e terms added in accord with s e c t i o n 7 apply to the code ;
keep i n t a c t a l l n o t i c e s o f the absence o f any warranty ; and g ive a l l
r e c i p i e n t s a copy o f t h i s L i cense along with the Program .

205 You may charge any p r i c e or no p r i c e f o r each copy that you convey ,
and you may o f f e r support or warranty p ro t e c t i on f o r a f e e .

5 . Conveying Modif ied Source Vers ions .

210 You may convey a work based on the Program , or the mod i f i c a t i on s to
produce i t from the Program , in the form o f source code under the
terms o f s e c t i o n 4 , provided that you a l s o meet a l l o f the se c ond i t i on s :

a ) The work must car ry prominent no t i c e s s t a t i n g that you modi f i ed
215 i t , and g iv ing a r e l e van t date .

b ) The work must car ry prominent no t i c e s s t a t i n g that i t i s
r e l e a s e d under t h i s L i cense and any cond i t i on s added under s e c t i o n
7 . This requirement mod i f i e s the requirement in s e c t i o n 4 to

220 ”keep i n t a c t a l l n o t i c e s ” .

c ) You must l i c e n s e the e n t i r e work , as a whole , under t h i s
L i cense to anyone who comes in to po s s e s s i on o f a copy . This
L i cense w i l l t h e r e f o r e apply , a long with any app l i c ab l e s e c t i o n 7

225 add i t i o na l terms , to the whole o f the work , and a l l i t s parts ,
r e g a r d l e s s o f how they are packaged . This L i cense g i v e s no
permis s ion to l i c e n s e the work in any other way , but i t does not
i n v a l i d a t e such permis s ion i f you have s epa r a t e l y r e c e i v ed i t .

230 d) I f the work has i n t e r a c t i v e user i n t e r f a c e s , each must d i sp l ay
Appropriate Legal Not i ce s ; however , i f the Program has i n t e r a c t i v e
i n t e r f a c e s that do not d i sp l ay Appropriate Legal Not ices , your
work need not make them do so .

235 A compi la t ion o f a covered work with other s epara t e and independent
works , which are not by t h e i r nature ex t en s i on s o f the covered work ,
and which are not combined with i t such as to form a l a r g e r program ,
in or on a volume o f a s to rage or d i s t r i b u t i o n medium , i s c a l l e d an
” aggregate ” i f the compi la t ion and i t s r e s u l t i n g copyr ight are not

240 used to l im i t the a c c e s s or l e g a l r i g h t s o f the compi lat ion ’ s u s e r s
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beyond what the i nd i v i dua l works permit . I n c l u s i o n o f a covered work
in an aggregate does not cause t h i s L i cense to apply to the other
par t s o f the aggregate .

245 6 . Conveying Non−Source Forms .

You may convey a covered work in ob j e c t code form under the terms
o f s e c t i o n s 4 and 5 , provided that you a l s o convey the
machine− r eadab le Corresponding Source under the terms o f t h i s License ,

250 in one o f the se ways :

a ) Convey the ob j e c t code in , or embodied in , a phy s i c a l product
( i n c l ud ing a phy s i c a l d i s t r i b u t i o n medium) , accompanied by the
Corresponding Source f i x ed on a durable phy s i c a l medium

255 cus tomar i ly used f o r so f tware in te rchange .

b) Convey the ob j e c t code in , or embodied in , a phy s i c a l product
( i n c l ud ing a phy s i c a l d i s t r i b u t i o n medium) , accompanied by a
wr i t t en o f f e r , v a l i d f o r at l e a s t three years and va l i d f o r as

260 long as you o f f e r spare par t s or customer support f o r that product
model , to g ive anyone who po s s e s s e s the ob j e c t code e i t h e r (1 ) a
copy o f the Corresponding Source f o r a l l the so f tware in the
product that i s covered by t h i s License , on a durable phy s i c a l
medium customar i ly used f o r so f tware interchange , f o r a p r i c e no

265 more than your rea sonab l e co s t o f phy s i c a l l y per forming t h i s
conveying o f source , or (2 ) a c c e s s to copy the
Corresponding Source from a network s e r v e r at no charge .

c ) Convey i nd i v i dua l c op i e s o f the ob j e c t code with a copy o f the
270 wr i t t en o f f e r to prov ide the Corresponding Source . This

a l t e r n a t i v e i s a l lowed only o c c a s i o n a l l y and noncommercial ly , and
only i f you r e c e i v ed the ob j e c t code with such an o f f e r , in accord
with subs e c t i on 6b .

275 d) Convey the ob j e c t code by o f f e r i n g ac c e s s from a des ignated
p lace ( g r a t i s or f o r a charge ) , and o f f e r equ iva l en t a c c e s s to the
Corresponding Source in the same way through the same p lace at no
f u r t h e r charge . You need not r e qu i r e r e c i p i e n t s to copy the
Corresponding Source along with the ob j e c t code . I f the p lace to

280 copy the ob j e c t code i s a network se rver , the Corresponding Source
may be on a d i f f e r e n t s e r v e r ( operated by you or a th i rd party )
that supports equ iva l en t copying f a c i l i t i e s , provided you maintain
c l e a r d i r e c t i o n s next to the ob j e c t code say ing where to f i nd the
Corresponding Source . Regard le s s o f what s e r v e r hos t s the

285 Corresponding Source , you remain ob l i g a t ed to ensure that i t i s
a v a i l a b l e f o r as long as needed to s a t i s f y these requ i rements .

e ) Convey the ob j e c t code us ing peer −to−peer t ransmis s ion , provided
you inform other pee r s where the ob j e c t code and Corresponding

290 Source o f the work are being o f f e r e d to the gene ra l pub l i c at no
charge under subse c t i on 6d .

A separab l e por t i on o f the ob j e c t code , whose source code i s excluded
from the Corresponding Source as a System Library , need not be

295 i nc luded in conveying the ob j e c t code work .

A ”User Product” i s e i t h e r (1 ) a ”consumer product ” , which means any
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t ang i b l e pe r sona l property which i s normally used f o r persona l , fami ly ,
or household purposes , or (2 ) anything des igned or so ld f o r i n co rpo ra t i on

300 i n to a dwe l l i ng . In determining whether a product i s a consumer product ,
doubt fu l c a s e s s h a l l be r e s o l v ed in favor o f coverage . For a p a r t i c u l a r
product r e c e i v ed by a p a r t i c u l a r user , ” normally used” r e f e r s to a
t yp i c a l or common use o f that c l a s s o f product , r e g a r d l e s s o f the s t a tu s
o f the p a r t i c u l a r user or o f the way in which the p a r t i c u l a r user

305 a c tua l l y uses , or expect s or i s expected to use , the product . A product
i s a consumer product r e g a r d l e s s o f whether the product has s ub s t an t i a l
commercial , i n d u s t r i a l or non−consumer uses , un l e s s such uses r ep r e s en t
the only s i g n i f i c a n t mode o f use o f the product .

310 ” I n s t a l l a t i o n In format ion ” f o r a User Product means any methods ,
procedures , au tho r i z a t i on keys , or other in fo rmat ion r equ i r ed to i n s t a l l
and execute modi f i ed v e r s i on s o f a covered work in that User Product from
a modi f i ed ve r s i on o f i t s Corresponding Source . The in fo rmat ion must
s u f f i c e to ensure that the cont inued func t i on ing o f the modi f i ed ob j e c t

315 code i s in no case prevented or i n t e r f e r e d with s o l e l y because
mod i f i c a t i on has been made .

I f you convey an ob j e c t code work under t h i s s e c t i o n in , or with , or
s p e c i f i c a l l y f o r use in , a User Product , and the conveying occurs as

320 part o f a t r an sa c t i on in which the r i g h t o f po s s e s s i on and use o f the
User Product i s t r a n s f e r r e d to the r e c i p i e n t in pe rpe tu i ty or f o r a
f i x ed term ( r e g a r d l e s s o f how the t r an sa c t i on i s cha r a c t e r i z ed ) , the
Corresponding Source conveyed under t h i s s e c t i o n must be accompanied
by the I n s t a l l a t i o n In format ion . But t h i s requirement does not apply

325 i f n e i t h e r you nor any th i rd party r e t a i n s the a b i l i t y to i n s t a l l
modi f i ed ob j e c t code on the User Product ( f o r example , the work has
been i n s t a l l e d in ROM) .

The requirement to prov ide I n s t a l l a t i o n In format ion does not in c lude a
330 requirement to cont inue to prov ide support s e r v i c e , warranty , or updates

f o r a work that has been modi f i ed or i n s t a l l e d by the r e c i p i e n t , or f o r
the User Product in which i t has been modi f i ed or i n s t a l l e d . Access to a
network may be denied when the mod i f i c a t i on i t s e l f ma t e r i a l l y and
adve r s e l y a f f e c t s the opera t i on o f the network or v i o l a t e s the r u l e s and

335 p ro t o c o l s f o r communication ac ro s s the network .

Corresponding Source conveyed , and I n s t a l l a t i o n In format ion provided ,
in accord with t h i s s e c t i o n must be in a format that i s pub l i c l y
documented ( and with an implementation a v a i l a b l e to the pub l i c in

340 source code form ) , and must r e qu i r e no s p e c i a l password or key f o r
unpacking , read ing or copying .

7 . Addi t iona l Terms .

345 ”Addi t iona l pe rmi s s i ons ” are terms that supplement the terms o f t h i s
L i cense by making except i on s from one or more o f i t s c ond i t i on s .
Addi t iona l pe rmi s s i ons that are app l i c ab l e to the e n t i r e Program s h a l l
be t r ea t ed as though they were inc luded in t h i s License , to the extent
that they are va l i d under app l i c ab l e law . I f add i t i o na l pe rmi s s i ons

350 apply only to part o f the Program , that part may be used s epa r a t e l y
under those permiss ions , but the e n t i r e Program remains governed by
t h i s L i cense without regard to the add i t i o na l pe rmi s s i ons .

When you convey a copy o f a covered work , you may at your opt ion
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355 remove any add i t i o na l pe rmi s s i ons from that copy , or from any part o f
i t . ( Addi t iona l pe rmi s s i ons may be wr i t t en to r e qu i r e t h e i r own
removal in c e r t a i n ca s e s when you modify the work . ) You may p lace
add i t i o na l pe rmi s s i ons on mater ia l , added by you to a covered work ,
f o r which you have or can g ive appropr ia t e copyr ight permis s ion .

360

Notwithstanding any other p r ov i s i on o f t h i s License , f o r mate r i a l you
add to a covered work , you may ( i f author i zed by the copyr ight ho lde r s o f
that mate r i a l ) supplement the terms o f t h i s L i cense with terms :

365 a ) Disc la iming warranty or l im i t i n g l i a b i l i t y d i f f e r e n t l y from the
terms o f s e c t i o n s 15 and 16 o f t h i s L i cense ; or

b) Requir ing p r e s e r va t i on o f s p e c i f i e d rea sonab l e l e g a l n o t i c e s or
author a t t r i b u t i o n s in that mate r i a l or in the Appropriate Legal

370 Not ice s d i sp l ayed by works conta in ing i t ; or

c ) Proh ib i t i ng mi s r ep r e s en ta t i on o f the o r i g i n o f that mater ia l , or
r e qu i r i n g that modi f i ed v e r s i on s o f such mate r i a l be marked in
rea sonab l e ways as d i f f e r e n t from the o r i g i n a l v e r s i on ; or

375

d) Limit ing the use f o r pub l i c i t y purposes o f names o f l i c e n s o r s or
authors o f the mate r i a l ; or

e ) Dec l in ing to grant r i g h t s under trademark law f o r use o f some
380 t rade names , trademarks , or s e r v i c e marks ; or

f ) Requir ing i ndemn i f i c a t i on o f l i c e n s o r s and authors o f that
mate r i a l by anyone who conveys the mate r i a l ( or modi f i ed v e r s i on s o f
i t ) with con t ra c tua l assumptions o f l i a b i l i t y to the r e c i p i e n t , f o r

385 any l i a b i l i t y that these con t r a c tua l assumptions d i r e c t l y impose on
those l i c e n s o r s and authors .

Al l other non−permi s s i v e add i t i ona l terms are cons ide r ed ” f u r t h e r
r e s t r i c t i o n s ” with in the meaning o f s e c t i o n 10 . I f the Program as you

390 r e c e i v ed i t , or any part o f i t , conta in s a no t i c e s t a t i n g that i t i s
governed by t h i s L i cense along with a term that i s a f u r t h e r
r e s t r i c t i o n , you may remove that term . I f a l i c e n s e document conta in s
a f u r t h e r r e s t r i c t i o n but permits r e l i c e n s i n g or conveying under t h i s
License , you may add to a covered work mate r i a l governed by the terms

395 o f that l i c e n s e document , provided that the f u r t h e r r e s t r i c t i o n does
not su rv iv e such r e l i c e n s i n g or conveying .

I f you add terms to a covered work in accord with t h i s s e c t i on , you
must place , in the r e l e van t source f i l e s , a statement o f the

400 add i t i o na l terms that apply to those f i l e s , or a no t i c e i nd i c a t i n g
where to f i nd the app l i c ab l e terms .

Addi t iona l terms , pe rmi s s i v e or non−permiss ive , may be s ta t ed in the
form o f a s epa r a t e l y wr i t t en l i c e n s e , or s ta t ed as except i on s ;

405 the above requi rements apply e i t h e r way .

8 . Termination .

You may not propagate or modify a covered work except as exp r e s s l y
410 provided under t h i s L i cense . Any attempt otherwi s e to propagate or

modify i t i s void , and w i l l automat i ca l l y terminate your r i g h t s under
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t h i s L i cense ( i n c l ud ing any patent l i c e n s e s granted under the th i rd
paragraph o f s e c t i o n 11) .

415 However , i f you cease a l l v i o l a t i o n o f t h i s License , then your
l i c e n s e from a pa r t i c u l a r copyr ight ho lder i s r e i n s t a t e d ( a )
p r ov i s i o n a l l y , un l e s s and un t i l the copyr ight ho lder e x p l i c i t l y and
f i n a l l y te rminates your l i c e n s e , and (b) permanently , i f the copyr ight
ho lder f a i l s to no t i f y you o f the v i o l a t i o n by some reasonab l e means

420 p r i o r to 60 days a f t e r the c e s s a t i o n .

Moreover , your l i c e n s e from a pa r t i c u l a r copyr ight ho lder i s
r e i n s t a t e d permanently i f the copyr ight ho lder n o t i f i e s you o f the
v i o l a t i o n by some reasonab l e means , t h i s i s the f i r s t time you have

425 r e c e i v ed no t i c e o f v i o l a t i o n o f t h i s L i cense ( f o r any work ) from that
copyr ight holder , and you cure the v i o l a t i o n p r i o r to 30 days a f t e r
your r e c e i p t o f the no t i c e .

Termination o f your r i g h t s under t h i s s e c t i o n does not terminate the
430 l i c e n s e s o f p a r t i e s who have r e c e i v ed cop i e s or r i g h t s from you under

t h i s L i cense . I f your r i g h t s have been terminated and not permanently
r e i n s t a t ed , you do not qu a l i f y to r e c e i v e new l i c e n s e s f o r the same
mate r i a l under s e c t i o n 10 .

435 9 . Acceptance Not Required f o r Having Copies .

You are not r equ i r ed to accept t h i s L i cense in order to r e c e i v e or
run a copy o f the Program . Anc i l l a r y propagat ion o f a covered work
occur r ing s o l e l y as a consequence o f us ing peer −to−peer t ransmi s s i on

440 to r e c e i v e a copy l i k ew i s e does not r e qu i r e acceptance . However ,
nothing other than t h i s L i cense grants you permis s ion to propagate or
modify any covered work . These a c t i on s i n f r i n g e copyr ight i f you do
not accept t h i s L i cense . Therefore , by modifying or propagat ing a
covered work , you i nd i c a t e your acceptance o f t h i s L i cense to do so .

445

10 . Automatic L i c ens ing o f Downstream Rec ip i en t s .

Each time you convey a covered work , the r e c i p i e n t automat i ca l l y
r e c e i v e s a l i c e n s e from the o r i g i n a l l i c e n s o r s , to run , modify and

450 propagate that work , sub j e c t to t h i s L i cense . You are not r e s p on s i b l e
f o r en f o r c i ng compliance by th i rd p a r t i e s with t h i s L i cense .

An ” en t i t y t r an sa c t i on ” i s a t r an sa c t i on t r a n s f e r r i n g con t r o l o f an
organ i za t i on , or s u b s t a n t i a l l y a l l a s s e t s o f one , or subd iv id ing an

455 organ i za t i on , or merging o r gan i z a t i on s . I f propagat ion o f a covered
work r e s u l t s from an en t i t y t ransac t i on , each party to that
t r an sa c t i on who r e c e i v e s a copy o f the work a l s o r e c e i v e s whatever
l i c e n s e s to the work the party ’ s p r edec e s s o r in i n t e r e s t had or could
g ive under the prev ious paragraph , p lus a r i g h t to po s s e s s i on o f the

460 Corresponding Source o f the work from the pr edec e s so r in i n t e r e s t , i f
the p r edec e s s o r has i t or can get i t with rea sonab l e e f f o r t s .

You may not impose any f u r t h e r r e s t r i c t i o n s on the e x e r c i s e o f the
r i g h t s granted or a f f i rmed under t h i s L i cense . For example , you may

465 not impose a l i c e n s e fee , roya l ty , or other charge f o r e x e r c i s e o f
r i g h t s granted under t h i s License , and you may not i n i t i a t e l i t i g a t i o n
( i n c l ud ing a cros s −c la im or counterc la im in a l awsu i t ) a l l e g i n g that
any patent c la im i s i n f r i n g e d by making , using , s e l l i n g , o f f e r i n g f o r
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sa l e , or import ing the Program or any por t i on o f i t .
470

11 . Patents .

A ” con t r i bu to r ” i s a copyr ight ho lder who au tho r i z e s use under t h i s
L i cense o f the Program or a work on which the Program i s based . The

475 work thus l i c e n s e d i s c a l l e d the contr ibutor ’ s ” con t r i bu to r v e r s i on ” .

A contr ibutor ’ s ” e s s e n t i a l patent c la ims ” are a l l patent c la ims
owned or c on t r o l l e d by the cont r ibutor , whether a l r eady acqu i red or
h e r e a f t e r acquired , that would be i n f r i n g e d by some manner , permitted

480 by t h i s License , o f making , using , or s e l l i n g i t s c on t r i bu to r ver s ion ,
but do not in c lude c la ims that would be i n f r i n g e d only as a
consequence o f f u r t h e r mod i f i c a t i on o f the con t r i bu to r ve r s i on . For
purposes o f t h i s d e f i n i t i o n , ” c on t r o l ” i n c l ud e s the r i g h t to grant
patent s ub l i c e n s e s in a manner c on s i s t e n t with the requi rements o f

485 t h i s L i cense .

Each con t r i bu to r grants you a non− exc lu s i v e , worldwide , roya l ty − f r e e
patent l i c e n s e under the cont r ibutor ’ s e s s e n t i a l patent c la ims , to
make , use , s e l l , o f f e r f o r sa l e , import and otherw i s e run , modify and

490 propagate the contents o f i t s c on t r i bu to r ve r s i on .

In the f o l l ow i n g three paragraphs , a ” patent l i c e n s e ” i s any expre s s
agreement or commitment , however denominated , not to en f o r c e a patent
( such as an expre s s permis s ion to p r a c t i c e a patent or covenant not to

495 sue f o r patent in f r ingement ) . To ” grant ” such a patent l i c e n s e to a
party means to make such an agreement or commitment not to en f o r c e a
patent aga in s t the party .

I f you convey a covered work , knowingly r e l y i n g on a patent l i c e n s e ,
500 and the Corresponding Source o f the work i s not a v a i l a b l e f o r anyone

to copy , f r e e o f charge and under the terms o f t h i s License , through a
pub l i c l y a v a i l a b l e network s e r v e r or other r e a d i l y a c c e s s i b l e means ,
then you must e i t h e r (1 ) cause the Corresponding Source to be so
ava i l ab l e , or (2 ) arrange to depr ive y ou r s e l f o f the b en e f i t o f the

505 patent l i c e n s e f o r t h i s p a r t i c u l a r work , or (3 ) arrange , in a manner
c on s i s t e n t with the requi rements o f t h i s License , to extend the patent
l i c e n s e to downstream r e c i p i e n t s . ”Knowingly r e l y i n g ” means you have
ac tua l knowledge that , but f o r the patent l i c e n s e , your conveying the
covered work in a country , or your r e c i p i e n t ’ s use o f the covered work

510 in a country , would i n f r i n g e one or more i d e n t i f i a b l e patents in that
country that you have reason to b e l i e v e are va l i d .

I f , pursuant to or in connect ion with a s i n g l e t r an sa c t i on or
arrangement , you convey , or propagate by procur ing conveyance of , a

515 covered work , and grant a patent l i c e n s e to some o f the p a r t i e s
r e c e i v i n g the covered work autho r i z i ng them to use , propagate , modify
or convey a s p e c i f i c copy o f the covered work , then the patent l i c e n s e
you grant i s automat i ca l l y extended to a l l r e c i p i e n t s o f the covered
work and works based on i t .

520

A patent l i c e n s e i s ” d i s c r im ina to ry ” i f i t does not in c lude with in
the scope o f i t s coverage , p r oh i b i t s the e x e r c i s e of , or i s
cond i t i oned on the non− e x e r c i s e o f one or more o f the r i g h t s that are
s p e c i f i c a l l y granted under t h i s L i cense . You may not convey a covered

525 work i f you are a party to an arrangement with a th i rd party that i s
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in the bus in e s s o f d i s t r i b u t i n g software , under which you make payment
to the th i rd party based on the extent o f your a c t i v i t y o f conveying
the work , and under which the th i rd party grants , to any o f the
p a r t i e s who would r e c e i v e the covered work from you , a d i s c r im ina to ry

530 patent l i c e n s e ( a ) in connect ion with cop i e s o f the covered work
conveyed by you ( or cop i e s made from those cop i e s ) , or (b) p r imar i l y
f o r and in connect ion with s p e c i f i c products or compi l a t i ons that
conta in the covered work , un l e s s you entered in to that arrangement ,
or that patent l i c e n s e was granted , p r i o r to 28 March 2007 .

535

Nothing in t h i s L i cense s h a l l be construed as exc lud ing or l im i t i n g
any impl i ed l i c e n s e or other de f en s e s to in f r ingement that may
otherwi s e be a v a i l a b l e to you under app l i c ab l e patent law .

540 12 . No Surrender o f Others ’ Freedom .

I f c ond i t i on s are imposed on you ( whether by court order , agreement or
otherwi s e ) that con t r ad i c t the cond i t i on s o f t h i s License , they do not
excuse you from the cond i t i on s o f t h i s L i cense . I f you cannot convey a

545 covered work so as to s a t i s f y s imul taneous ly your o b l i g a t i o n s under t h i s
L i cense and any other pe r t i n en t ob l i g a t i on s , then as a consequence you may
not convey i t at a l l . For example , i f you agree to terms that ob l i g a t e you
to c o l l e c t a roya l ty f o r f u r t h e r conveying from those to whom you convey
the Program , the only way you could s a t i s f y both those terms and t h i s

550 License would be to r e f r a i n e n t i r e l y from conveying the Program .

13 . Use with the GNU Af fe ro General Publ ic L i cense .

Notwithstanding any other p r ov i s i on o f t h i s License , you have
555 permis s ion to l i n k or combine any covered work with a work l i c e n s e d

under ve r s i on 3 o f the GNU Af f e ro General Publ ic L i cense in to a s i n g l e
combined work , and to convey the r e s u l t i n g work . The terms o f t h i s
L i cense w i l l cont inue to apply to the part which i s the covered work ,
but the s p e c i a l requ i rements o f the GNU Af fe ro General Publ ic License ,

560 s e c t i o n 13 , concern ing i n t e r a c t i o n through a network w i l l apply to the
combination as such .

14 . Revised Vers ions o f t h i s L i cense .

565 The Free Software Foundation may pub l i sh r e v i s ed and/or new ve r s i on s o f
the GNU General Publ ic L i cense from time to time . Such new ve r s i on s w i l l
be s im i l a r in s p i r i t to the pre sent ver s ion , but may d i f f e r in d e t a i l to
address new problems or concerns .

570 Each ve r s i on i s g iven a d i s t i n g u i s h i n g ve r s i on number . I f the
Program s p e c i f i e s that a c e r t a i n numbered ve r s i on o f the GNU General
Publ ic L i cense ” or any l a t e r v e r s i on ” app l i e s to i t , you have the
opt ion o f f o l l ow i ng the terms and cond i t i on s e i t h e r o f that numbered
ve r s i on or o f any l a t e r v e r s i on publ i shed by the Free Software

575 Foundation . I f the Program does not s p e c i f y a ve r s i on number o f the
GNU General Publ ic License , you may choose any ve r s i on ever publ i shed
by the Free Software Foundation .

I f the Program s p e c i f i e s that a proxy can dec ide which fu tu r e
580 v e r s i on s o f the GNU General Publ ic L i cense can be used , that proxy ’ s

pub l i c statement o f acceptance o f a ve r s i on permanently au tho r i z e s you
to choose that ve r s i on f o r the Program .
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Later l i c e n s e v e r s i on s may g ive you add i t i ona l or d i f f e r e n t
585 permi s s i ons . However , no add i t i o na l o b l i g a t i o n s are imposed on any

author or copyr ight ho lder as a r e s u l t o f your choos ing to f o l l ow a
l a t e r v e r s i on .

15 . D i sc la imer o f Warranty .
590

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT
HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM ”AS IS” WITHOUT WARRANTY
OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO,

595 THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM
IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF
ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

600 16 . L imi tat ion o f L i a b i l i t y .

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS
THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY

605 GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE
USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF
DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD
PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS) ,
EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF

610 SUCH DAMAGES.

17 . I n t e r p r e t a t i o n o f Se c t i on s 15 and 16 .

I f the d i s c l a ime r o f warranty and l im i t a t i o n o f l i a b i l i t y provided
615 above cannot be g iven l o c a l l e g a l e f f e c t accord ing to t h e i r terms ,

r ev i ewing cour t s s h a l l apply l o c a l law that most c l o s e l y approximates
an abso lu t e waiver o f a l l c i v i l l i a b i l i t y in connect ion with the
Program , un l e s s a warranty or assumption o f l i a b i l i t y accompanies a
copy o f the Program in return f o r a f e e .

620

END OF TERMS AND CONDITIONS

How to Apply These Terms to Your New Programs

625 I f you develop a new program , and you want i t to be o f the g r e a t e s t
p o s s i b l e use to the publ ic , the bes t way to ach ieve t h i s i s to make i t
f r e e so f tware which everyone can r e d i s t r i b u t e and change under these terms .

To do so , attach the f o l l ow i n g no t i c e s to the program . I t i s s a f e s t
630 to attach them to the s t a r t o f each source f i l e to most e f f e c t i v e l y

s t a t e the ex c l u s i on o f warranty ; and each f i l e should have at l e a s t
the ” copyr ight ” l i n e and a po in t e r to where the f u l l no t i c e i s found .

<one l i n e to g ive the program ’ s name and a b r i e f idea o f what i t does .>
635 Copyright (C) <year> <name o f author>

This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
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640 ( at your opt ion ) any l a t e r v e r s i on .

This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the

645 GNU General Publ ic L i cense f o r more d e t a i l s .

You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

650 Also add in fo rmat ion on how to contact you by e l e c t r o n i c and paper mail .

I f the program does te rmina l i n t e r a c t i on , make i t output a shor t
no t i c e l i k e t h i s when i t s t a r t s in an i n t e r a c t i v e mode :

655 <program> Copyright (C) <year> <name o f author>
This program comes with ABSOLUTELY NO WARRANTY; f o r d e t a i l s type ‘ show w’ .
This i s f r e e so f tware , and you are welcome to r e d i s t r i b u t e i t
under c e r t a i n cond i t i on s ; type ‘ show c ’ f o r d e t a i l s .

660 The hypo the t i c a l commands ‘ show w’ and ‘ show c ’ should show the appropr ia t e
par t s o f the General Publ ic L i cense . Of course , your program ’ s commands
might be d i f f e r e n t ; f o r a GUI i n t e r f a c e , you would use an ”about box ” .

You should a l s o get your employer ( i f you work as a programmer ) or schoo l ,
665 i f any , to s i gn a ” copyr ight d i s c l a ime r ” f o r the program , i f nece s sa ry .

For more in fo rmat ion on th i s , and how to apply and f o l l ow the GNU GPL, see
<http ://www. gnu . org / l i c e n s e s />.

The GNU General Publ ic L i cense does not permit i n co rpo ra t i ng your program
670 i n to p rop r i e t a ry programs . I f your program i s a subrout ine l i b r a ry , you

may cons id e r i t more u s e f u l to permit l i n k i n g p rop r i e t a ry app l i c a t i o n s with
the l i b r a r y . I f t h i s i s what you want to do , use the GNU Lesse r General
Publ ic L i cense in s t ead o f t h i s L i cense . But f i r s t , p l e a s e read
<http ://www. gnu . org / phi losophy /why−not− l g p l . html>.

70 the-sky-cracked-open/main.hs

{−# LANGUAGE PatternSynonyms #−}
import Control .Monad (when , rep l i cateM , forM )
import System . Exit ( e x i t Su c c e s s )
import Graphics . UI .GLUT hid ing ( FramebufferObject )

5 import Graphics .GL
( glTexImage3D , pattern GL TEXTURE 2D ARRAY, pattern GL RG32F, pattern GL RG
, pattern GL UNSIGNED BYTE, pattern GL FALSE, glClampColor
, pattern GL CLAMP VERTEX COLOR, pattern GL CLAMP READ COLOR, pattern ⤦

Ç GLCLAMPFRAGMENTCOLOR
, glGenFramebuffers , glBindFramebuffer , g lFramebufferTextureLayer , ⤦

Ç glTexParameteri
10 , patte rn GL FRAMEBUFFER, pattern GLCOLORATTACHMENT0, glUni formMatrix3fv

, GLuint , GLint , GLfloat , GLdouble , glUniform1fv , glBindTexture
, pattern GL TEXTURE MIN FILTER, pattern GL TEXTURE MAG FILTER, pattern ⤦

Ç GL LINEAR
)

import Fore ign ( a l l o ca , peek , nu l lPtr , withArray )
15 import Data . IORef ( IORef , newIORef , readIORef , writeIORef )

import Numeric .GSL. Root
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import q u a l i f i e d Numeric . LinearAlgebra as L
import Numeric . LinearAlgebra h id ing (R, dim , s i z e )
import Unsafe . Coerce ( unsafeCoerce )

20

import Shader ( shader )
import Snapshot ( writeSnapshot )

mXm : : L . Matrix R −> L . Matrix R −> L . Matrix R
25 mXm = (<>)

s i z e : : Int
s i z e = 2048

30 er : : R
er = 4

data St = St
{ p I n i t i a l : : Program , p I n i t i a l ’ er , p I n i t i a l ’ rho : : UniformLocation

35 , pStep : : Program , pStep ’ er , pStep ’ count , pStep ’ ts , pStep ’ ws , pStep ’ l s , pStep⤦
Ç ’ l ayer , pStep ’ s r c : : UniformLocation

, pColour : : Program , pColour ’ src , pColour ’ er , pColour ’ rho , pColour ’ p i x e l S i z e ,⤦
Ç pColour ’ speed : : UniformLocation

, tPing , tPong : : TextureObject
, fBu f f e r : : FramebufferObject
, vTrs : : [ [ L . Matrix R] ] , vLs : : [ [R ] ] , vT : : Int , vPasses : : Int , vRho : : (R,⤦

Ç R)
40 }

main : : IO ( )
main = do

<− ge tArg sAnd In i t i a l i z e
45 i n i t i a lWindowSize $= Size 1280 720

<− createWindow ” s p i r a l ! ”
p I n i t i a l ’ <− shader Nothing ( Just ” i n i t i a l . f r a g ”)
p I n i t i a l ’ er ’ <− get $ uni formLocat ion p I n i t i a l ’ ” er ”
p I n i t i a l ’ rho ’ <− get $ uni formLocat ion p I n i t i a l ’ ” rho”

50 pStep ’ <− shader Nothing ( Just ” s tep . f r a g ”)
pStep ’ er ’ <− get $ uni formLocat ion pStep ’ ” er ”
pStep ’ count ’ <− get $ uni formLocat ion pStep ’ ” count”
pStep ’ ts ’ <− get $ uni formLocat ion pStep ’ ” trans form”
pStep ’ ws ’ <− get $ uni formLocat ion pStep ’ ” source ”

55 pStep ’ l s ’ <− get $ uni formLocat ion pStep ’ ” s ca l eFac to r ”
pStep ’ layer ’ <− get $ uni formLocat ion pStep ’ ” l ay e r ”
pStep ’ src ’ <− get $ uni formLocat ion pStep ’ ” s r c ”
pColour ’ <− shader Nothing ( Just ” co l ou r . f r a g ”)
pColour ’ src ’ <− get $ uni formLocat ion pColour ’ ” s r c ”

60 pColour ’ er ’ <− get $ uni formLocat ion pColour ’ ” er ”
pColour ’ rho ’ <− get $ uni formLocat ion pColour ’ ” rho”
pColour ’ p i x e l S i z e ’ <− get $ uni formLocat ion pColour ’ ” p i x e l S i z e ”
pColour ’ speed ’<− get $ uni formLocat ion pColour ’ ” speed ”
tPing ’ <− newTex s i z e

65 tPong ’ <− newTex s i z e
fBu f f e r ’ <− newFBO
glClampColor GL CLAMPVERTEX COLOR ( f romInteg ra l GL FALSE)
glClampColor GL CLAMP READ COLOR ( f romInteg ra l GL FALSE)
glClampColor GLCLAMPFRAGMENTCOLOR ( f romInteg ra l GL FALSE)

70 sR <− newIORef St
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{ p I n i t i a l = p I n i t i a l ’ , p I n i t i a l ’ e r = p I n i t i a l ’ er ’ , p I n i t i a l ’ rho = p I n i t i a l ’⤦
Ç rho ’

, pStep = pStep ’ , pStep ’ e r = pStep ’ er ’ , pStep ’ count = pStep ’ count ’ , pStep ’ t s⤦
Ç = pStep ’ ts ’ , pStep ’ ws = pStep ’ ws ’ , pStep ’ l s = pStep ’ l s ’ , pStep ’ l a y e r ⤦
Ç = pStep ’ layer ’ , pStep ’ s r c = pStep ’ src ’

, pColour = pColour ’ , pColour ’ s r c = pColour ’ src ’ , pColour ’ e r = pColour ’ er ’ , ⤦
Ç pColour ’ rho = pColour ’ rho ’ , pColour ’ p i x e l S i z e = pColour ’ p i x e l S i z e ’ , ⤦
Ç pColour ’ speed = pColour ’ speed ’

, tPing = tPing ’ , tPong = tPong ’ , fBu f f e r = fBu f f e r ’
75 , vTrs = [ [ ] , [ ] ] , vLs = [ [ ] , [ ] ] , vT = 0 , vPasses = 16 , vRho = (0 , 0)

}
r e s e t sR
d i sp layCa l lback $= di sp l ay sR
addTimerCallback 100 ( t imer sR)

80 mainLoop

timer : : IORef St −> IO ( )
t imer sR = do

addTimerCallback 100 ( t imer sR)
85 r e s e t sR

postRedi sp lay Nothing

r e s e t : : IORef St −> IO ( )
r e s e t sR = do

90 s <− readIORef sR
−− when (vT s > 0) $ writeSnapshot ( show (vT s ) ++ ” .ppm”) ( Pos i t i on 0 0) ( S i z e⤦

Ç 1280 720)
−− when (vT s >= 375) $ ex i t Suc c e s s

l e t dim1 = 1.001 + 0.75 ∗ abs ( s i n ( p i /2 ∗ f r omInteg ra l (vT s ) / 30 . 0 ) )
dim2 = 1.001 + 0.75 ∗ abs ( s i n ( p i /2 ∗ f r omInteg ra l (vT s ) / 37 . 5 ) )

95 s p i r a l 1 = s p i r a l dim1
s p i r a l 2 = s p i r a l dim2
l s = [map f s t s p i r a l 1 , map f s t s p i r a l 2 ]
rhos = concat l s
mrhos = map maximum l s

100 rho = (minimum rhos , maximum rhos )
t r s 1 = map snd s p i r a l 1
t r s 2 = map snd s p i r a l 2
pas s e s = clamp 16 4096 . round . logBase ( snd rho ) $ 0 .001

writeIORef sR s { vTrs = [ tr s1 , t r s 2 ] , vLs = l s , vT = vT s + 1 , vPasses = ⤦
Ç passes , vRho = rho }

105 viewport $= ( Pos i t i on 0 0 , S i z e ( f r omInteg ra l s i z e ) ( f r omInteg ra l s i z e ) )
l o ad Id en t i t y
ortho2D 0 1 0 1
forM [ 0 , 1 ] $ \ l a y e r −> do

bindFBO ( fBu f f e r s ) ( tPing s ) ( f r omInteg ra l l a y e r )
110 currentProgram $= Just ( p I n i t i a l s )

uniform ( p I n i t i a l ’ e r s ) $= TexCoord1 ( realToFrac er : : GLfloat )
uniform ( p I n i t i a l ’ rho s ) $= TexCoord1 ( realToFrac (mrhos ! ! l a y e r ) : : ⤦

Ç GLfloat )
unitQuad
currentProgram $= Nothing

115 unbindFBO

clamp : : Ord a => a −> a −> a −> a
clamp mi ma x = mi ‘max ‘ x ‘min ‘ ma
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120 d i sp l ay : : IORef St −> IO ( )
d i sp l ay sR = do

s0 <− readIORef sR
rep l i ca t eM ( vPasses s0 ) $ do

s <− readIORef sR
125 viewport $= ( Pos i t i on 0 0 , S i z e ( f r omInteg ra l s i z e ) ( f r omInteg ra l s i z e ) )

glBindTexture GL TEXTURE 2D ARRAY ( case tPing s o f TextureObject t −> t )
currentProgram $= Just ( pStep s )
uniform ( pStep ’ e r s ) $= TexCoord1 ( realToFrac er : : GLfloat )
uniform ( pStep ’ s r c s ) $= TexCoord1 (0 : : GLint )

130 forM [ 0 , 1 ] $ \ l a y e r −> do
bindFBO ( fBu f f e r s ) ( tPong s ) ( f r omInteg ra l l a y e r )
uniform ( pStep ’ count s ) $= TexCoord1 (3 : : GLint )
withArray (map ( realToFrac : : R −> GLfloat ) . concat . concatMap L . t oL i s t s⤦

Ç . ( ! ! l a y e r ) . vTrs $ s ) $ glUni formMatrix3fv ( unsafeCoerce $ pStep⤦
Ç ’ t s s ) 3 1

withArray (map ( realToFrac : : R −> GLfloat ) . ( ! ! l a y e r ) . vLs $ s ) $ ⤦
Ç glUni form1fv ( unsafeCoerce $ pStep ’ l s s ) 3

135 withArray ( [ [ 0 , 1 , 0 ] , [ 1 , 0 , 1 : : GLfloat ] ] ! ! l a y e r ) $ glUni form1fv (⤦
Ç unsafeCoerce $ pStep ’ ws s ) 3

uniform ( pStep ’ l a y e r s ) $= TexCoord1 ( realToFrac l ay e r : : GLfloat )
unitQuad
unbindFBO

currentProgram $= Nothing
140 glBindTexture GL TEXTURE 2D ARRAY 0

writeIORef sR s { tPing = tPong s , tPong = tPing s }

s <− readIORef sR
viewport $= ( Pos i t i on 0 0 , S i z e 1280 720)

145 glBindTexture GL TEXTURE 2D ARRAY ( case tPong s o f TextureObject t −> t )
currentProgram $= Just ( pColour s )
uniform ( pColour ’ s r c s ) $= TexCoord1 (0 : : GLint )
uniform ( pColour ’ e r s ) $= TexCoord1 ( realToFrac er : : GLfloat )
uniform ( pColour ’ rho s ) $= TexCoord1 ( realToFrac ( f s t $ vRho s ) : : GLfloat )

150 uniform ( pColour ’ p i x e l S i z e s ) $= TexCoord1 ( 0 . 1 : : GLfloat )
uniform ( pColour ’ speed s ) $= TexCoord1 (2 ∗ pi / f r omInteg ra l ( vPasses s ) : : ⤦

Ç GLfloat )
ful lQuad
currentProgram $= Nothing
glBindTexture GL TEXTURE 2D ARRAY 0

155 swapBuffers
r epo r tEr ro r s

newTex : : Int −> IO TextureObject
newTex s = do

160 [ TextureObject t ] <− genObjectNames 1
glBindTexture GL TEXTURE 2D ARRAY t
glTexImage3D GL TEXTURE 2D ARRAY 0 ( f romInteg ra l GL RG32F) ( f r omInteg ra l s ) (⤦

Ç f r omInteg ra l s ) 2 0 GL RG GL UNSIGNED BYTE nu l lPt r
glTexParameteri GL TEXTURE 2D ARRAY GL TEXTURE MIN FILTER ( f romInteg ra l ⤦

Ç GL LINEAR)
glTexParameteri GL TEXTURE 2D ARRAY GL TEXTURE MAG FILTER ( f romInteg ra l ⤦

Ç GL LINEAR)
165 glBindTexture GL TEXTURE 2D ARRAY 0

return ( TextureObject t )

newtype FramebufferObject = FramebufferObject GLuint
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170 newFBO : : IO FramebufferObject
newFBO = fmap FramebufferObject ( a l l o c a $ \p −> glGenFramebuffers 1 p >> peek p)

bindFBO : : FramebufferObject −> TextureObject −> GLint −> IO ( )
bindFBO ( FramebufferObject f ) ( TextureObject t ) l a y e r = do

175 glBindFramebuffer GLFRAMEBUFFER f
glFramebuf ferTextureLayer GLFRAMEBUFFER GLCOLORATTACHMENT0 t 0 l ay e r

unbindFBO : : IO ( )
unbindFBO = do

180 glFramebuf ferTextureLayer GLFRAMEBUFFER GLCOLORATTACHMENT0 0 0 0
glBindFramebuffer GLFRAMEBUFFER 0

unitQuad : : IO ( )
unitQuad = renderPr imi t i v e Quads $ do

185 t 0 1 >> v 0 1
t 0 0 >> v 0 0
t 1 0 >> v 1 0
t 1 1 >> v 1 1

where
190 t , v : : GLdouble −> GLdouble −> IO ( )

t x y = texCoord (TexCoord2 x y )
v x y = vertex ( Vertex2 x y )

ful lQuad : : IO ( )
195 fu l lQuad = renderPr imi t i v e Quads $ do

t (0.5 − tx ) (0.5+ ty ) >> v 0 1
t (0.5 − tx ) (0.5 − ty ) >> v 0 0
t (0.5+ tx ) (0.5 − ty ) >> v 1 0
t (0.5+ tx ) (0.5+ ty ) >> v 1 1

200 where
tx = 0 .5 / er
ty = 0 .5 / er ∗ 9 / 16
t , v : : GLdouble −> GLdouble −> IO ( )
t x y = texCoord (TexCoord2 x y )

205 v x y = vertex ( Vertex2 x y )

type R = Double

transformRST : : R −> R −> L . Vector R −> L . Matrix R
210 transformRST a l p = (3><3) [ c , s , x , −s , c , y , 0 , 0 , 1 ]

where x : y : = toL i s t p
c = l ∗ cos a
s = l ∗ s i n a

215 f i ndZero : : (R −> R) −> R −> R
f indZero f = head . f s t . root Hybrids 1e−12 1000 ( ( : [ ] ) . f . head ) . ( : [ ] )

s p i r a l : : R −> [ (R, L . Matrix R) ]
s p i r a l d = [ ( l1 , inv t1 ) , ( l2 , inv t2 ) , ( l3 , inv t3 ) ]

220 where
f l = 2 ∗ s q r t ( (1 − l ∗ l ) / 4) ∗∗ d + l ∗∗ d − 1
l 1 = s i n ( acos l 2 ) / 2
l 2 = f indZero f (d − 1)
l 3 = l1

225 a1 = pi / 2 − acos l 2
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a2 = −acos l 2
a3 = a1
x1 = 0
y1 = 0

230 x2 = l1 ∗ cos a1
y2 = − l 1 ∗ s i n a1
x3 = 1 − x2
y3 = 0 − y2
v1 = 2 |> [ x1 , y1 ]

235 v2 = 2 |> [ x2 , y2 ]
v3 = 2 |> [ x3 , y3 ]
t1 = post ‘mXm‘ transformRST a1 l 1 v1 ‘mXm‘ pre
t2 = post ‘mXm‘ transformRST a2 l 2 v2 ‘mXm‘ pre
t3 = post ‘mXm‘ transformRST a3 l 3 v3 ‘mXm‘ pre

240 pre = transformRST 0 1 (2 |> [ 0 . 5 , 0 ] )
post = transformRST 0 1 (2 | > [ −0 .5 , 0 ] )

71 the-sky-cracked-open/Setup.hs

import D i s t r i bu t i on . Simple
main = defaultMain

72 the-sky-cracked-open/Shader.hs

module Shader ( shader ) where

import Graphics . Rendering .OpenGL

5 shader : : Maybe Fi lePath −> Maybe Fi lePath −> IO Program
shader mV mF = do

p <− createProgram
vs <− case mV of

Nothing −> re turn [ ]
10 Just v −> do

ver t <− createShader VertexShader
source <− r e adF i l e v
shaderSource ve r t $= [ source ]
compileShader ve r t

15 pr in t =<< get ( shaderInfoLog ver t )
re turn [ ve r t ]

f s <− case mF of
Nothing −> re turn [ ]
Just f −> do

20 f r a g <− createShader FragmentShader
source <− r e adF i l e f
shaderSource f r ag $= [ source ]
compileShader f r ag
p r i n t =<< get ( shaderInfoLog f r ag )

25 re turn [ f r ag ]
attachedShaders p $= ( vs ++ f s )
l inkProgram p
pr in t =<< get ( programInfoLog p)
re turn p

73 the-sky-cracked-open/Snapshot.hs
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module Snapshot ( hSnapshot , writeSnapshot , snapshotWith ) where

import Control .Monad( forM )
import System . IO(Handle ( ) )

5 import Graphics . Rendering .OpenGL(
readPixe l s ,
Pos i t ion ,
S i z e ( S i z e ) ,
PixelData ( PixelData ) ,

10 PixelFormat (RGB) ,
DataType ( UnsignedByte ) )

import Fore ign . Marshal . A l loc ( a l l o caByte s )
import Fore ign . Ptr ( p lusPtr )
import q u a l i f i e d Data . ByteStr ing . I n t e r na l as BSI

15 import q u a l i f i e d Data . ByteStr ing as BS

−− save a s c r e en sho t as binary PPM
snapshotWith : : (BS . ByteStr ing −> IO b) −> Pos i t i on −> S i z e −> IO b
snapshotWith f p0 vp@( S i z e vw vh ) = do

20 l e t f i q = f romInteg ra l q
p6 = ”P6\n” ++ show vw ++ ” ” ++ show vh ++ ” 255\n”

a l l o caByte s ( f i (vw∗vh∗3) ) $ \ptr −> do
r eadP ixe l s p0 vp $ PixelData RGB UnsignedByte ptr
px <− BSI . c r e a t e ( f i $ vw ∗ vh ∗ 3) $ \d −> forM [ 0 . . vh−1] $ \y −>

25 BSI .memcpy
(d ‘ plusPtr ‘ f i ( y∗vw∗3) )
( ptr ‘ plusPtr ‘ f i ( ( vh−1−y ) ∗vw∗3) )
( f i (vw∗3) )

f $ BS . pack (map (toEnum . fromEnum) p6 ) ‘BS . append ‘ px
30

hSnapshot : : Handle −> Pos i t i on −> S i z e −> IO ( )
hSnapshot h = snapshotWith (BS . hPutStr h)

writeSnapshot : : Fi lePath −> Pos i t i on −> S i z e −> IO ( )
35 writeSnapshot f = snapshotWith (BS . w r i t eF i l e f )

74 the-sky-cracked-open/step.frag

#ver s i on 130
#de f i n e MAXCOUNT 16
uniform f l o a t er ;
uniform in t count ;

5 uniform mat3 trans form [MAXCOUNT] ;
uniform f l o a t s ca l eFac to r [MAXCOUNT] ;
uniform f l o a t source [MAXCOUNT] ;
uniform f l o a t l ay e r ;

10 uniform sampler2DArray s r c ;

void main ( ) {
vec2 p0 = er ∗ ( gl TexCoord [ 0 ] . xy ∗ 2 .0 − vec2 ( 1 . 0 ) ) ;
f l o a t escape = −1 .0 ;

15 f l o a t f a c t o r = 1 . 0 ;
f o r ( i n t i = 0 ; i < count && i < MAXCOUNT; ++i ) {

vec3 p = transform [ i ] ∗ vec3 (p0 , 1 . 0 ) ;
vec2 q = p . xy / p . z ;
f l o a t l = length (q ) ;
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20 i f ( l < er ) {
vec2 z = texture ( src , vec3 ( ( q / er + vec2 ( 1 . 0 ) ) / 2 . 0 , source [ i ] ) ) . xy ;
i f ( escape < z . x ) { escape = z . x ; f a c t o r = 1 .0/ s ca l eFac to r [ i ] ∗ z . y ; }

}
}

25 i f ( escape >= 0 . 0 ) {
escape += 1 . 0 ;

}
vec2 z = texture ( src , vec3 ( ( p0 / er + vec2 ( 1 . 0 ) ) / 2 . 0 , l a y e r ) ) . xy ;
i f ( escape > z . x ) {

30 z . x = escape ;
z . y = f a c t o r ;

}
gl FragData [ 0 ] = vec4 ( z , 0 . 0 , 0 . 0 ) ;

}

75 the-sky-cracked-open/the-sky-cracked-open.cabal

name : the−sky−cracked −open
ve r s i on : 0 . 1 . 0 . 0
synops i s : A shor t f r a c t a l v ideo loop rendered with cont inuous escape ⤦

Ç time f o r an i t e r a t e d func t i on system .
homepage : https : //mathr . co . uk/ blog /2011−12−31 the sky c racked open .⤦

Ç html
5 l i c e n s e : GPL−3

l i c e n s e − f i l e : LICENSE
author : Claude Heiland −Allen
mainta iner : claude@mathr . co . uk
category : Demo

10 bui ld −type : Simple
extra −source − f i l e s : ChangeLog .md
cabal −ve r s i on : >=1.10

executab l e the−sky−cracked −open
15 main− i s : main . hs

other −modules : Shader Snapshot
bui ld −depends : base >=4.9 && <4.10 , by t e s t r i n g >=0.10 && <0.11 , OpenGL ⤦

Ç >= 3.0 && < 3 . 1 , OpenGLRaw >= 3.2 && < 3 . 3 , GLUT >= 2.7 && < 2 . 8 , ⤦
Ç hmatrix >= 0.18 && < 0 . 19 , hmatrix− g s l >= 0.18 && < 0 .19

de fau l t − language : Haske l l2010
other − ex t en s i on s : PatternSynonyms
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