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1 animate.sh

#!/bin /bash
SEGMENT=$ ( l s −1 ∗ .ppm | s o r t −R | head −n 1)
whi l e [ ” z${SEGMENT}” != ”z” ]
do

5 cat ${SEGMENT}
SOURCE=$ ( echo ${SEGMENT} | sed ’ s | ˆ . ∗ − | | ’ | sed ’ s | \ . ppm$ | | ’ )
SEGMENT=$ ( l s −1 ${SOURCE} − ∗ .ppm | s o r t −R | head −n 1)

done |
ppmtoy4m −S 420mpeg2 −F 25 :1 |

10 mplayer −demuxer y4m −

2 encode video.sh

#!/bin /bash
f o r PPM in $@
do

M2V=”${PPM%ppm}m2v”
5 ppmtoy4m −S 444 −F 25 :1 <”${PPM}” |

y4mscaler − I sa r=1/1 −O pre s e t=dvd −O ysca l e=1/1 |
mpeg2enc − f 8 −q 3 −b 8000 −B 768 −D 10 −g 15 −G 15 −P −R 2 −o ”${M2V}”

done

3 julia.c

#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 <time . h>
#inc lude <uni s td . h>
#inc lude <sys / s t a t . h>
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#inc lude <GL/glew . h>
#inc lude <GL/ g lu t . h>

10

s t r u c t shader {
GLint l i nkS t a tu s ;
GLhandleARB program ;
GLhandleARB fragment ;

15 GLhandleARB vertex ;
const GLcharARB ∗ f ragmentSource ;
const GLcharARB ∗ vertexSource ;

} ;

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

glGetUniformLocationARB ( ( s e l f )−>shader . program , #name)
#de f i n e shader update i ( s e l f , name) \

glUniform1iARB ( ( s e l f )−>uniform . name , ( s e l f )−>value . name)
25 #de f i n e shader update f ( s e l f , name) \

glUniform1fARB ( ( s e l f )−>uniform . name , ( s e l f )−>value . name)
#de f i n e shader update f2 ( s e l f , name) \

glUniform2fARB ( ( s e l f )−>uniform . name , ( s e l f )−>value . name [ 0 ] , ( s e l f )−>value . name⤦
Ç [ 1 ] )

#de f i n e shader update f4 ( s e l f , name) \
30 glUniform4fARB ( ( s e l f )−>uniform . name , ( s e l f )−>value . name [ 0 ] , ( s e l f )−>value . name⤦

Ç [ 1 ] , ( s e l f )−>value . name [ 2 ] , ( s e l f )−>value . name [ 3 ] )
#de f i n e shader updatem4 ( s e l f , name) \

glUniformMatrix4fvARB ( ( s e l f )−>uniform . name , 1 , 0 , &(( s e l f )−>value . name [ 0 ] ) )

void shader debug (GLhandleARB obj ) {
35 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 {

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

re turn ;
45 }

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

} e l s e {
glGetProgramInfoLog ( obj , maxLength , &in fo logLength , in foLog ) ;

50 }
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 ) ;

55 }

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

) {
60 i f ( ! shader ) { re turn 0 ; }

shader−> l i n kS t a tu s = 0 ;
shader−>vertexSource = ver t ;
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shader−>f ragmentSource = f r ag ;
i f ( shader−>vertexSource | | shader−>f ragmentSource ) {

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

shader−>ver tex =
glCreateShaderObjectARB (GL VERTEX SHADER ARB) ;

glShaderSourceARB ( shader−>vertex ,
70 1 , ( const GLcharARB ∗∗) &shader−>vertexSource , 0

) ;
glCompileShaderARB ( shader−>ver tex ) ;
shader debug ( shader−>ver tex ) ;
glAttachObjectARB ( shader−>program , shader−>ver tex ) ;

75 }
i f ( shader−>f ragmentSource ) {

shader−>fragment =
glCreateShaderObjectARB (GL FRAGMENT SHADERARB) ;

glShaderSourceARB ( shader−>fragment ,
80 1 , ( const GLcharARB ∗∗) &shader−>fragmentSource , 0

) ;
glCompileShaderARB ( shader−>fragment ) ;
shader debug ( shader−>fragment ) ;
glAttachObjectARB ( shader−>program , shader−>fragment ) ;

85 }
glLinkProgramARB( shader−>program ) ;
shader debug ( shader−>program ) ;
glGetObjectParameterivARB ( shader−>program ,

GL OBJECT LINK STATUS ARB, &shader−> l i n kS t a tu s
90 ) ;

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

}
95

s t r u c t {
s t r u c t {

s t r u c t shader shader ;
s t r u c t { GLint coords , c , r , n , h ; } uniform ;

100 s t r u c t { i n t coords ; f l o a t c [ 2 ] , r , n , h ; } value ;
} i t e r ;
s t r u c t {

s t r u c t shader shader ;
s t r u c t { GLint pix , d ; } uniform ;

105 s t r u c t { i n t pix ; f l o a t d [ 2 ] ; } value ;
} blur ;
GLuint fbo ;
i n t which ;
GLuint tex [ 3 ] ;

110 i n t texw ;
i n t texh ;
i n t ewhich ;
GLuint etex [ 3 ] ;
i n t etexw ;

115 i n t etexh ;
GLuint b lur r ed ;
GLuint s t a t s [ 1 2 ] ;
i n t winw ;
i n t winh ;
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120 enum { j u l i a e x p l o r e , j u l i a r e nd e r , j u l i a wa l k } mode ;
i n t i ;
f l o a t f ;
i n t f s ;
unsigned char ∗buf ;

125

// walk mode
s t r u c t {

i n t which ; // t ex tu r e s
GLuint tex [ 3 ] ;

130 i n t texw , texh , over ;
f l o a t minx , miny , maxx , maxy ; // r eg i on parameters
i n t n , m, maxn , maxm; // g r id parameters
f l o a t cx , cy , rx , ry , a0 , da ; // e l l i p s e parameters
i n t i , count ; // animation parameters

135 FILE ∗ out f ; // sav ing
} walk ;

} j u l i a ;

140 const char ∗ j u l i a f r a g =
”uniform sampler2D coords ;\n”
”uniform vec2 c ;\n”
”uniform f l o a t r ;\n”
”uniform f l o a t n ;\n”

145 ”uniform f l o a t h ;\n”
”\n”
” void main ( void ) {\n”
” vec2 p = gl TexCoord [ 0 ] . s t ;\n”
” vec4 q = texture2D ( coords , p ) ;\n”

150 ” vec4 o ;\n”
” i f ( q . a < 0 . 5 ) {\n”
” vec2 z = q . rg ;\n”
” vec2 zz = vec2 ( z . x ∗ z . x − z . y ∗ z . y , 2 . 0 ∗ z . x ∗ z . y ) + c ;\n”
” f l o a t d = sq r t ( dot ( zz , zz ) ) ;\n”

155 ” i f (d <= r ) {\n”
” o = vec4 ( zz , 0 . 0 , 0 . 0 ) ;\n”
” } e l s e {\n”
” f l o a t v = 0.025 ∗ (h + n − l og2 ( log2 (d) / log2 ( r ) ) ) ;\n”
” o = vec4 ( cos ( s q r t ( 5 . 0 ) ∗ v ) ∗ 0 .5 + 0 . 5 , cos ( sq r t ( 6 . 0 ) ∗ v + 1 . 0 ) ∗ 0 .5 +⤦

Ç 0 . 5 , cos ( s q r t ( 7 . 0 ) ∗ v + 2 . 0 ) ∗ 0 .5 + 0 . 5 , 1 . 0 ) ; ”
160 ” }\n”

” } e l s e {\n”
” o = q ;\n”
” }\n”
” gl FragData [ 0 ] = o ;\n”

165 ”}\n”
;

const char ∗ b l u r f r a g =
”uniform sampler2D pix ;\n”

170 ”uniform vec2 d ;\n”
”\n”
” void main ( void ) {\n”
” vec2 p = gl TexCoord [ 0 ] . s t ;\n”
” vec4 q ;\n”

175 ” q = texture2D ( pix , p) ;\n”
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” q += texture2D ( pix , p + vec2 (d . x , 0 . 0 ) ) ;\n”
” q += texture2D ( pix , p + vec2 (d . x , d . y ) ) ;\n”
” q += texture2D ( pix , p + vec2 ( 0 . 0 , d . y ) ) ;\n”
” q ∗= 0 . 2 5 ;\ n”

180 ” gl FragData [ 0 ] = q ;\n”
”}\n”
;

void j u l i a r e s h a p e ( i n t w, i n t h) {
185 j u l i a . winw = w;

j u l i a . winh = h ;
i f ( j u l i a . buf ) {

f r e e ( j u l i a . buf ) ;
}

190 j u l i a . buf = mal loc (w ∗ h ∗ 3) ;
}

void j u l i a n e x t ( void ) {
j u l i a .mode = j u l i a e x p l o r e ;

195 j u l i a . i t e r . va lue . c [ 0 ] = ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) ∗ 4 . 0 ;
j u l i a . i t e r . va lue . c [ 1 ] = ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) ∗ 4 . 0 ;
j u l i a . i t e r . va lue . n = 0 ;
j u l i a . ewhich = 2 ;
j u l i a . f = −1;

200 j u l i a . f s = 0 ;
}

void j u l i a s a v e ( void ) {
j u l i a .mode = j u l i a r e n d e r ;

205 j u l i a . i t e r . va lue . n = 0 ;
j u l i a . which = 2 ;
j u l i a . f = −1;
j u l i a . f s = 0 ;

}
210

void ju l i a wa lk f r om ( i n t n , i n t m) {
j u l i a .mode = j u l i a wa l k ;
j u l i a . i t e r . va lue . n = 0 ;
j u l i a . walk . which = 2 ;

215

// handle borders
i n t b i t ;
i f (0 == n ) { b i t = 1 ; }
e l s e i f (n == j u l i a . walk .maxn) { b i t = 0 ; }

220 e l s e i f (0 == m ) { b i t = 1 ; }
e l s e i f (m == j u l i a . walk .maxm) { b i t = 0 ; }
e l s e { b i t = ( rand ( ) / ( double ) RANDMAX) < 0 . 5 ; }

i n t nn , mm, cx , cy , a0 , da ;
225 switch (100 ∗ (n%4) + 10 ∗ (m%4) + b i t ) {

case 10 : nn = n−1; mm = m−1; cx = n−1; cy = m; a0 = 0 ; da = 1 ; break ;
case 11 : nn = n+1; mm = m−1; cx = n+1; cy = m; a0 = 2 ; da = −1; break ;
case 30 : nn = n−1; mm = m+1; cx = n−1; cy = m; a0 = 0 ; da = −1; break ;

230 case 31 : nn = n+1; mm = m+1; cx = n+1; cy = m; a0 = 2 ; da = 1 ; break ;

case 100 : nn = n+1; mm = m−1; cx = n ; cy = m−1; a0 = 3 ; da = 1 ; break ;
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case 101 : nn = n+1; mm = m+1; cx = n ; cy = m+1; a0 = 1 ; da = −1; break ;
case 120 : nn = n−1; mm = m−1; cx = n ; cy = m−1; a0 = 3 ; da = −1; break ;

235 case 121 : nn = n−1; mm = m+1; cx = n ; cy = m+1; a0 = 1 ; da = 1 ; break ;

case 210 : nn = n−1; mm = m+1; cx = n−1; cy = m; a0 = 0 ; da = −1; break ;
case 211 : nn = n+1; mm = m+1; cx = n+1; cy = m; a0 = 2 ; da = 1 ; break ;
case 230 : nn = n−1; mm = m−1; cx = n−1; cy = m; a0 = 0 ; da = 1 ; break ;

240 case 231 : nn = n+1; mm = m−1; cx = n+1; cy = m; a0 = 2 ; da = −1; break ;

case 300 : nn = n−1; mm = m−1; cx = n ; cy = m−1; a0 = 3 ; da = −1; break ;
case 301 : nn = n−1; mm = m+1; cx = n ; cy = m+1; a0 = 1 ; da = 1 ; break ;
case 320 : nn = n+1; mm = m−1; cx = n ; cy = m−1; a0 = 3 ; da = 1 ; break ;

245 case 321 : nn = n+1; mm = m+1; cx = n ; cy = m+1; a0 = 1 ; da = −1; break ;

d e f au l t : f p r i n t f ( s tde r r , ” j u l i a walk i nva r i an t broken\n”) ; e x i t (1 ) ; break ;
}
i f ( j u l i a . walk . out f ) {

250 f c l o s e ( j u l i a . walk . out f ) ;
}
char f i l ename [ 1 0 2 4 ] ;
s n p r i n t f ( f i l ename , 1000 , ”%02d %02d − %02d %02d .ppm” , n , m, nn , mm) ;
s t r u c t s t a t s ;

255 i f ( s t a t ( f i l ename , &s ) < 0) {
j u l i a . walk . out f = fopen ( f i l ename , ”wb”) ;

} e l s e {
j u l i a . walk . out f = 0 ;

}
260 j u l i a . walk . n = nn ;

j u l i a . walk .m = mm;
j u l i a . walk . cx = j u l i a . walk . minx + ( j u l i a . walk .maxx − j u l i a . walk . minx ) ∗ ⤦

Ç cx / ( f l o a t ) j u l i a . walk .maxn ;
j u l i a . walk . cy = j u l i a . walk . miny + ( j u l i a . walk .maxy − j u l i a . walk . miny ) ∗ ( j u l i a⤦

Ç . walk .maxm − cy ) / ( f l o a t ) j u l i a . walk .maxm;
j u l i a . walk . a0 = 3.1415926 / 2 .0 ∗ a0 ;

265 j u l i a . walk . da = 3.1415926 / 2 .0 ∗ da / ( f l o a t ) j u l i a . walk . count ;
j u l i a . walk . rx = ( j u l i a . walk .maxx − j u l i a . walk . minx ) / j u l i a . walk .maxn ;
j u l i a . walk . ry = ( j u l i a . walk .maxy − j u l i a . walk . miny ) / j u l i a . walk .maxm;
j u l i a . walk . i = 0 ;
i f ( ! j u l i a . walk . out f ) {

270 j u l i a wa lk f r om ( j u l i a . walk . n , j u l i a . walk .m) ;
}

}

void j u l i a wa l k s t e p ( void ) {
275 j u l i a .mode = j u l i a wa l k ;

j u l i a . walk . which = 2 ;
j u l i a . f = −1;
j u l i a . f s = 0 ;
j u l i a . walk . i += 1 ;

280 i f ( j u l i a . walk . i == j u l i a . walk . count ) {
j u l i a wa lk f r om ( j u l i a . walk . n , j u l i a . walk .m) ;

}
}

285 void j u l i a i n i t ( i n t t s i z e , i n t e t s i z e ) {
j u l i a . buf = 0 ;
glGenFramebuffersEXT (1 , &j u l i a . fbo ) ;
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// render ing
j u l i a . texw = t s i z e ;

290 j u l i a . texh = t s i z e ;
glGenTextures (3 , &j u l i a . tex [ 0 ] ) ;
g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, j u l i a . tex [ 0 ] ) ;
g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;

295 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB, t s i z e , t s i z e , 0 , GL RGBA, ⤦

Ç GL FLOAT, 0) ;
glBindTexture (GL TEXTURE 2D, j u l i a . tex [ 1 ] ) ;
g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;

300 glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB, t s i z e , t s i z e , 0 , GL RGBA, ⤦
Ç GL FLOAT, 0) ;

glBindTexture (GL TEXTURE 2D, j u l i a . tex [ 2 ] ) ;
g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
f l o a t ∗px = c a l l o c ( t s i z e ∗ t s i z e ∗ 4 , s i z e o f ( f l o a t ) ) ;

305 f o r ( i n t y = 0 ; y < t s i z e ; ++y) {
f o r ( i n t x = 0 ; x < t s i z e ; ++x) {

px [ 4 ∗ ( y ∗ t s i z e + x) + 0 ] = x ∗ 3 .0 / t s i z e − 1 . 5 ;
px [ 4 ∗ ( y ∗ t s i z e + x) + 1 ] = y ∗ 3 .0 / t s i z e − 1 . 5 ;
px [ 4 ∗ ( y ∗ t s i z e + x) + 2 ] = 0 . 0 ;

310 px [ 4 ∗ ( y ∗ t s i z e + x) + 3 ] = 0 . 0 ;
}
}
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB, t s i z e , t s i z e , 0 , GL RGBA, ⤦

Ç GL FLOAT, px ) ;
f r e e (px ) ;

315 // exp l o r a t i on
j u l i a . etexw = e t s i z e ;
j u l i a . etexh = e t s i z e ;
glGenTextures (3 , &j u l i a . e tex [ 0 ] ) ;
g lEnable (GL TEXTURE 2D) ;

320 glBindTexture (GL TEXTURE 2D, j u l i a . e tex [ 0 ] ) ;
g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB, e t s i z e , e t s i z e , 0 , GL RGBA, ⤦

Ç GL FLOAT, 0) ;
glBindTexture (GL TEXTURE 2D, j u l i a . e tex [ 1 ] ) ;

325 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB, e t s i z e , e t s i z e , 0 , GL RGBA, ⤦

Ç GL FLOAT, 0) ;
glBindTexture (GL TEXTURE 2D, j u l i a . e tex [ 2 ] ) ;
g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;

330 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
f l o a t ∗epx = c a l l o c ( e t s i z e ∗ e t s i z e ∗ 4 , s i z e o f ( f l o a t ) ) ;
f o r ( i n t y = 0 ; y < e t s i z e ; ++y) {
f o r ( i n t x = 0 ; x < e t s i z e ; ++x) {

epx [ 4 ∗ ( y ∗ e t s i z e + x) + 0 ] = x ∗ 3 .0 / e t s i z e − 1 . 5 ;
335 epx [ 4 ∗ ( y ∗ e t s i z e + x) + 1 ] = y ∗ 3 .0 / e t s i z e − 1 . 5 ;

epx [ 4 ∗ ( y ∗ e t s i z e + x) + 2 ] = 0 . 0 ;
epx [ 4 ∗ ( y ∗ e t s i z e + x) + 3 ] = 0 . 0 ;

}
}
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340 glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB, e t s i z e , e t s i z e , 0 , GL RGBA, ⤦
Ç GL FLOAT, epx ) ;

f r e e ( epx ) ;
// b l u r r i n g
glGenTextures (1 , &j u l i a . b lu r r ed ) ;
g lEnable (GL TEXTURE 2D) ;

345 glBindTexture (GL TEXTURE 2D, j u l i a . b lu r r ed ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB, t s i z e /2 , t s i z e /2 , 0 , GL RGBA, ⤦

Ç GL FLOAT, 0) ;
glBindTexture (GL TEXTURE 2D, 0) ;

350 g lD i s ab l e (GL TEXTURE 2D) ;
glGenTextures (12 , &j u l i a . s t a t s [ 0 ] ) ;
g lEnable (GL TEXTURE 2D) ;
f o r ( i n t i = 0 ; i < 12 ; ++i ) {

glBindTexture (GL TEXTURE 2D, j u l i a . s t a t s [ i ] ) ;
355 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;

glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB, 1 << i , 1 << i , 0 , GL RGBA, ⤦

Ç GL FLOAT, 0) ;
}
glBindTexture (GL TEXTURE 2D, 0) ;

360 g lD i s ab l e (GL TEXTURE 2D) ;
s h a d e r i n i t (& j u l i a . i t e r . shader , 0 , j u l i a f r a g ) ;
shader uni form(& j u l i a . i t e r , coords ) ;
shader uni form(& j u l i a . i t e r , c ) ;
shader uni form(& j u l i a . i t e r , r ) ;

365 shader uni form(& j u l i a . i t e r , n ) ;
shader uni form(& j u l i a . i t e r , h ) ;
j u l i a . i t e r . va lue . coords = 0 ;
j u l i a . i t e r . va lue . r = 1024 ;
j u l i a . i t e r . va lue . h = 0 ;

370 s h a d e r i n i t (& j u l i a . b lur . shader , 0 , b l u r f r a g ) ;
shader uni form(& j u l i a . blur , p ix ) ;
shader uni form(& j u l i a . blur , d ) ;
j u l i a . b lur . va lue . pix = 0 ;
j u l i a . b lur . va lue . d [ 0 ] = 1 .0/ t s i z e ;

375 j u l i a . b lur . va lue . d [ 1 ] = 1 .0/ t s i z e ;
j u l i a . i = 0 ;

// walk mode
j u l i a . walk . count = 75 ;

380 j u l i a . walk . minx = −0.7 − 1 . 5 ;
j u l i a . walk . miny = −1;
j u l i a . walk .maxx = −0.7 + 1 . 5 ;
j u l i a . walk .maxy = 1 ;
j u l i a . walk .maxn = 12 ;

385 j u l i a . walk .maxm = 8 ;
j u l i a . walk . over = 2 ;
j u l i a . walk . texw = 1024 ∗ j u l i a . walk . over ;
j u l i a . walk . texh = 1024 ∗ j u l i a . walk . over ;
f l o a t ∗wpx = c a l l o c ( j u l i a . walk . texw ∗ j u l i a . walk . texh ∗ 4 , s i z e o f ( f l o a t ) ) ;

390 f o r ( i n t y = 0 ; y < j u l i a . walk . texh ; ++y) {
f o r ( i n t x = 0 ; x < j u l i a . walk . texw ; ++x) {

wpx [ 4 ∗ ( y ∗ j u l i a . walk . texw + x) + 0 ] = x ∗ 6 .0 / j u l i a . walk . texw − 3 . 0 ;
wpx [ 4 ∗ ( y ∗ j u l i a . walk . texw + x) + 1 ] = y ∗ 6 .0 / j u l i a . walk . texh − 3 . 0 ;

9
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wpx [ 4 ∗ ( y ∗ j u l i a . walk . texw + x) + 2 ] = 0 . 0 ;
395 wpx [ 4 ∗ ( y ∗ j u l i a . walk . texw + x) + 3 ] = 0 . 0 ;

}
}
glGenTextures (3 , &j u l i a . walk . tex [ 0 ] ) ;
g lEnable (GL TEXTURE 2D) ;

400 glBindTexture (GL TEXTURE 2D, j u l i a . walk . tex [ 0 ] ) ;
g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB, j u l i a . walk . texw , j u l i a . walk .⤦

Ç texh , 0 , GL RGBA, GL FLOAT, wpx) ;
glBindTexture (GL TEXTURE 2D, j u l i a . walk . tex [ 1 ] ) ;

405 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB, j u l i a . walk . texw , j u l i a . walk .⤦

Ç texh , 0 , GL RGBA, GL FLOAT, wpx) ;
glBindTexture (GL TEXTURE 2D, j u l i a . walk . tex [ 2 ] ) ;
g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;

410 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB, j u l i a . walk . texw , j u l i a . walk .⤦

Ç texh , 0 , GL RGBA, GL FLOAT, wpx) ;
f r e e (wpx) ;
j u l i a . walk . out f = 0 ;
// s t a r t

415 // ju l i a wa lk f r om (0 , 1) ; // j u l i a . walk .maxn / 2 + 1 , j u l i a . walk .maxm / 2) ;
j u l i a n e x t ( ) ;

}

void j u l i a i d l e ( void ) {
420 g lutPostRed i sp lay ( ) ;

}

void ju l i a k eyboa rd ( unsigned char key , i n t x , i n t y ) {
switch ( key ) {

425 case 27 : e x i t (0 ) ; break ;
d e f au l t : /∗ j u l i a n e x t ( ) ; ∗/ break ;
}

}

430 f l o a t j u l i a e s c a p e e s (GLuint tex , i n t l o g 2 t e x s i z e ) {
glBindFramebufferEXT (GL FRAMEBUFFER EXT, j u l i a . fbo ) ;
glUseProgramObjectARB ( j u l i a . b lur . shader . program ) ;
glBindTexture (GL TEXTURE 2D, tex ) ;
f o r ( i n t i = l o g 2 t e x s i z e − 1 ; i >= 0 ; −− i ) {

435 shader update i (& j u l i a . blur , p ix ) ;
j u l i a . b lur . va lue . d [ 0 ] = 1 .0 / (2 << i ) ;
j u l i a . b lur . va lue . d [ 1 ] = 1 .0 / (2 << i ) ;
shader update f2 (& j u l i a . blur , d ) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦

Ç GL TEXTURE 2D, j u l i a . s t a t s [ i ] , 0) ;
440 glMatrixMode (GL PROJECTION) ;

g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;

445 glViewport (0 , 0 , 1 << i , 1 << i ) ;
g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;
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glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0) ;
glTexCoord2f (1 , 0) ; g lVe r t ex2 f (1 , 0) ;
glTexCoord2f (1 , 1) ; g lVe r t ex2 f (1 , 1) ;

450 glTexCoord2f (0 , 1) ; g lVe r t ex2 f (0 , 1) ;
} glEnd ( ) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦

Ç GL TEXTURE 2D, 0 , 0) ;
glBindTexture (GL TEXTURE 2D, j u l i a . s t a t s [ i ] ) ;

}
455 glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;

glUseProgramObjectARB (0) ;
f l o a t f = −1;
glGetTexImage (GL TEXTURE 2D, 0 , GL ALPHA, GL FLOAT, &f ) ;
glBindTexture (GL TEXTURE 2D, 0) ;

460 re turn f ;
}

void j u l i a s n ap sh o t (FILE ∗ f ) {
g lReadPixe l s (0 , 0 , j u l i a . winw , j u l i a . winh , GL RGB, GL UNSIGNED BYTE, j u l i a . buf⤦

Ç ) ;
465 f p r i n t f ( f , ”P6\n%d %d 255\n” , j u l i a . winw , j u l i a . winh ) ;

f o r ( i n t y = j u l i a . winh − 1 ; y >= 0 ; −−y ) {
fw r i t e ( j u l i a . buf + y ∗ j u l i a . winw ∗ 3 , j u l i a . winw ∗ 3 , 1 , f ) ;

}
}

470

void j u l i a d i s p l a y ( void ) {
i f ( j u l i a .mode == ju l i a wa l k ) {

// i t e r a t e
j u l i a . i t e r . va lue . c [ 0 ] = j u l i a . walk . cx + j u l i a . walk . rx ∗ cos ( j u l i a . walk . a0 + ⤦

Ç j u l i a . walk . da ∗ j u l i a . walk . i ) ;
475 j u l i a . i t e r . va lue . c [ 1 ] = j u l i a . walk . cy + j u l i a . walk . ry ∗ s i n ( j u l i a . walk . a0 + ⤦

Ç j u l i a . walk . da ∗ j u l i a . walk . i ) ;
j u l i a . which = 2 ;
j u l i a . f = −1;
j u l i a . f s = 0 ;
f l o a t tx0 = ( j u l i a . walk . texw − j u l i a . walk . over ∗ j u l i a . winw) / 2 .0 / j u l i a .⤦

Ç walk . texw ;
480 f l o a t ty0 = ( j u l i a . walk . texh − j u l i a . walk . over ∗ j u l i a . winh ) / 2 .0 / j u l i a .⤦

Ç walk . texh ;
f l o a t tx1 = ( j u l i a . walk . texw + j u l i a . walk . over ∗ j u l i a . winw) / 2 .0 / j u l i a .⤦

Ç walk . texw ;
f l o a t ty1 = ( j u l i a . walk . texh + j u l i a . walk . over ∗ j u l i a . winh ) / 2 .0 / j u l i a .⤦

Ç walk . texh ;
f o r ( i n t i = 0 ; i < 4096 ; ++i ) {

glEnable (GL TEXTURE 2D) ;
485 glBindFramebufferEXT (GL FRAMEBUFFER EXT, j u l i a . fbo ) ;

glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦
Ç GL TEXTURE 2D, j u l i a . walk . tex [ ( j u l i a . walk . which + 1) & 1 ] , 0) ;

glBindTexture (GL TEXTURE 2D, j u l i a . walk . tex [ j u l i a . walk . which ] ) ;
glUseProgramObjectARB ( j u l i a . i t e r . shader . program ) ;
shader update i (& j u l i a . i t e r , coords ) ;

490 shader update f2 (& j u l i a . i t e r , c ) ;
shader update f (& j u l i a . i t e r , r ) ;
shader update f (& j u l i a . i t e r , h ) ;
j u l i a . i t e r . va lue . n = i ;
shader update f (& j u l i a . i t e r , n ) ;
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495 glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;

500 glViewport ( ( j u l i a . walk . texw − j u l i a . walk . over ∗ j u l i a . winw) / 2 , ( j u l i a .⤦
Ç walk . texh − j u l i a . walk . over ∗ j u l i a . winh ) / 2 , j u l i a . walk . over ∗ ⤦
Ç j u l i a . winw , j u l i a . walk . over ∗ j u l i a . winh ) ;

g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;
glTexCoord2f ( tx0 , ty0 ) ; g lVe r t ex2 f (0 , 0) ;
glTexCoord2f ( tx1 , ty0 ) ; g lVe r t ex2 f (1 , 0) ;
glTexCoord2f ( tx1 , ty1 ) ; g lVe r t ex2 f (1 , 1) ;

505 glTexCoord2f ( tx0 , ty1 ) ; g lVe r t ex2 f (0 , 1) ;
} glEnd ( ) ;
glBindTexture (GL TEXTURE 2D, 0) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦

Ç GL TEXTURE 2D, 0 , 0) ;
glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;

510 j u l i a . walk . which = ( j u l i a . walk . which + 1) & 1 ;
i f ( ( i & 15) == 15) {

f l o a t f = j u l i a e s c a p e e s ( j u l i a . walk . tex [ j u l i a . walk . which ] , 9 + j u l i a .⤦
Ç walk . over ) ;

i f ( ! ( f > j u l i a . f ) ) {
j u l i a . f s = 1 ;

515 } e l s e {
j u l i a . f s = 0 ;

}
j u l i a . f = f ;

}
520 i f ( j u l i a . f s ) break ;

}
glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;
glUseProgramObjectARB (0) ;
// d i sp l ay

525 g lC l ea r (GL COLOR BUFFER BIT) ;
g lEnable (GL BLEND) ;
glBlendFunc (GL SRC ALPHA, GL ONE MINUS SRC ALPHA) ;
glBindTexture (GL TEXTURE 2D, j u l i a . walk . tex [ j u l i a . walk . which ] ) ;
glMatrixMode (GL PROJECTION) ;

530 g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , j u l i a . winw , j u l i a . winh ) ;

535 i f ( j u l i a . walk . over > 1) {
glUseProgramObjectARB ( j u l i a . b lur . shader . program ) ;
shader update i (& j u l i a . blur , p ix ) ;
j u l i a . b lur . va lue . d [ 0 ] = 1 .0 / j u l i a . walk . texw ;
j u l i a . b lur . va lue . d [ 1 ] = 1 .0 / j u l i a . walk . texh ;

540 shader update f2 (& j u l i a . blur , d ) ;
}
g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;

glTexCoord2f ( tx0 , ty0 ) ; g lVe r t ex2 f (0 , 0) ;
glTexCoord2f ( tx1 , ty0 ) ; g lVe r t ex2 f (1 , 0) ;

545 glTexCoord2f ( tx1 , ty1 ) ; g lVe r t ex2 f (1 , 1) ;
glTexCoord2f ( tx0 , ty1 ) ; g lVe r t ex2 f (0 , 1) ;

} glEnd ( ) ;
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i f ( j u l i a . walk . over > 1) {
glUseProgramObjectARB (0) ;

550 }
g lD i s ab l e (GL TEXTURE 2D) ;
g lD i s ab l e (GL BLEND) ;
g lutSwapBuf fers ( ) ;
i f ( j u l i a . walk . out f ) {

555 j u l i a s n ap sh o t ( j u l i a . walk . out f ) ;
}
// next
j u l i a wa l k s t e p ( ) ;

} e l s e i f ( j u l i a .mode == j u l i a r e n d e r ) {
560 // i t e r a t i o n step

glEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, j u l i a . tex [ j u l i a . which ] ) ;
glBindFramebufferEXT (GL FRAMEBUFFER EXT, j u l i a . fbo ) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦

Ç GL TEXTURE 2D, j u l i a . tex [ ( j u l i a . which + 1) & 1 ] , 0) ;
565 glUseProgramObjectARB ( j u l i a . i t e r . shader . program ) ;

shader update i (& j u l i a . i t e r , coords ) ;
shader update f2 (& j u l i a . i t e r , c ) ;
shader update f (& j u l i a . i t e r , r ) ;
shader update f (& j u l i a . i t e r , n ) ;

570 shader update f (& j u l i a . i t e r , h ) ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;

575 g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , j u l i a . texw , j u l i a . texh ) ;
g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;

glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0) ;
glTexCoord2f (1 , 0) ; g lVe r t ex2 f (1 , 0) ;

580 glTexCoord2f (1 , 1) ; g lVe r t ex2 f (1 , 1) ;
glTexCoord2f (0 , 1) ; g lVe r t ex2 f (0 , 1) ;

} glEnd ( ) ;
j u l i a . i t e r . va lue . n += 1 ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦

Ç GL TEXTURE 2D, 0 , 0) ;
585 glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;

// gather s t a t i s t i c s
i n t k = j u l i a . i t e r . va lue . n ;
i f ( ( k & 15) == 15) {

f l o a t f = j u l i a e s c a p e e s ( j u l i a . tex [ j u l i a . which ] , 12) ;
590 i f ( ! ( f > j u l i a . f ) ) {

j u l i a . f s = 1 ;
} e l s e {

j u l i a . f s = 0 ;
}

595 j u l i a . f = f ;
}
// b lur f o r d i sp l ay
j u l i a . which = ( j u l i a . which + 1) & 1 ;
glBindFramebufferEXT (GL FRAMEBUFFER EXT, j u l i a . fbo ) ;

600 glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦
Ç GL TEXTURE 2D, j u l i a . b lurred , 0) ;

g lC l ea r (GL COLOR BUFFER BIT) ;
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glUseProgramObjectARB ( j u l i a . b lur . shader . program ) ;
shader update i (& j u l i a . blur , p ix ) ;
j u l i a . b lur . va lue . d [ 0 ] = 1 .0 / j u l i a . texw ;

605 j u l i a . b lur . va lue . d [ 1 ] = 1 .0 / j u l i a . texh ;
shader update f2 (& j u l i a . blur , d ) ;
g lEnable (GL BLEND) ;
glBlendFunc (GL SRC ALPHA, GL ONE MINUS SRC ALPHA) ;
glBindTexture (GL TEXTURE 2D, j u l i a . tex [ j u l i a . which ] ) ;

610 glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;

615 glViewport (0 , 0 , j u l i a . texw /2 , j u l i a . texh /2) ;
g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;

glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0) ;
glTexCoord2f (1 , 0) ; g lVe r t ex2 f (1 , 0) ;
glTexCoord2f (1 , 1) ; g lVe r t ex2 f (1 , 1) ;

620 glTexCoord2f (0 , 1) ; g lVe r t ex2 f (0 , 1) ;
} glEnd ( ) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦

Ç GL TEXTURE 2D, 0 , 0) ;
glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;
g lC l ea r (GL COLOR BUFFER BIT) ;

625 glBindTexture (GL TEXTURE 2D, j u l i a . b lu r r ed ) ;
shader update i (& j u l i a . blur , p ix ) ;
j u l i a . b lur . va lue . d [ 0 ] = 2 .0 / j u l i a . texw ;
j u l i a . b lur . va lue . d [ 1 ] = 2 .0 / j u l i a . texh ;
shader update f2 (& j u l i a . blur , d ) ;

630 glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;

635 glViewport (0 , 0 , j u l i a . winw , j u l i a . winh ) ;
f l o a t a = j u l i a . winh ∗ 0 .5 / j u l i a . winw ;
g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;

glTexCoord2f (0 , 0 . 5 − a ) ; g lVe r t ex2 f (0 , 0) ;
glTexCoord2f (1 , 0 . 5 − a ) ; g lVe r t ex2 f (1 , 0) ;

640 glTexCoord2f (1 , 0 . 5 + a ) ; g lVer t ex2 f (1 , 1) ;
glTexCoord2f (0 , 0 . 5 + a ) ; g lVer t ex2 f (0 , 1) ;

} glEnd ( ) ;
g lD i s ab l e (GL TEXTURE 2D) ;
glUseProgramObjectARB (0) ;

645 g lD i s ab l e (GL BLEND) ;
g lutSwapBuf fers ( ) ;
g lutReportError s ( ) ;
// do s t a t s s t u f f
i f ( j u l i a . f s ) {

650 char f i l ename [ 1 0 2 4 ] ;
s n p r i n t f ( f i l ename , 1000 , ” j u l i a %+08.16 f %+08.16 f i .ppm” , j u l i a . i t e r . va lue . c⤦

Ç [ 0 ] , j u l i a . i t e r . va lue . c [ 1 ] ) ;
FILE ∗ f = fopen ( f i l ename , ”wb”) ;
i f ( f ) {

j u l i a s n ap sh o t ( f ) ;
655 f c l o s e ( f ) ;

}
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j u l i a n e x t ( ) ;
}

} e l s e i f ( j u l i a .mode == j u l i a e x p l o r e ) {
660 // i t e r a t i o n step

glEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, j u l i a . e tex [ j u l i a . ewhich ] ) ;
glBindFramebufferEXT (GL FRAMEBUFFER EXT, j u l i a . fbo ) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦

Ç GL TEXTURE 2D, j u l i a . e tex [ ( j u l i a . ewhich + 1) & 1 ] , 0) ;
665 glUseProgramObjectARB ( j u l i a . i t e r . shader . program ) ;

shader update i (& j u l i a . i t e r , coords ) ;
shader update f2 (& j u l i a . i t e r , c ) ;
shader update f (& j u l i a . i t e r , r ) ;
shader update f (& j u l i a . i t e r , n ) ;

670 shader update f (& j u l i a . i t e r , h ) ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;

675 g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , j u l i a . etexw , j u l i a . etexh ) ;
g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;

glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0) ;
glTexCoord2f (1 , 0) ; g lVe r t ex2 f (1 , 0) ;

680 glTexCoord2f (1 , 1) ; g lVe r t ex2 f (1 , 1) ;
glTexCoord2f (0 , 1) ; g lVe r t ex2 f (0 , 1) ;

} glEnd ( ) ;
j u l i a . i t e r . va lue . n += 1 ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦

Ç GL TEXTURE 2D, 0 , 0) ;
685 glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;

j u l i a . ewhich = ( j u l i a . ewhich + 1) & 1 ;
// gather s t a t i s t i c s
i n t k = j u l i a . i t e r . va lue . n ;
i f ( ( k & 15) == 15) {

690 f l o a t f = j u l i a e s c a p e e s ( j u l i a . e tex [ j u l i a . ewhich ] , 8) ;
i f ( ! ( f > j u l i a . f ) ) {

j u l i a . f s = 1 ;
} e l s e {

j u l i a . f s = 0 ;
695 }

j u l i a . f = f ;
}
// d i sp l ay
glUseProgramObjectARB (0) ;

700 g lC l ea r (GL COLOR BUFFER BIT) ;
g lEnable (GL BLEND) ;
glBlendFunc (GL SRC ALPHA, GL ONE MINUS SRC ALPHA) ;
glBindTexture (GL TEXTURE 2D, j u l i a . e tex [ j u l i a . ewhich ] ) ;
glMatrixMode (GL PROJECTION) ;

705 g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , j u l i a . winw , j u l i a . winh ) ;

710 f l o a t a = j u l i a . winh ∗ 0 .5 / j u l i a . winw ;
g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;
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glTexCoord2f (0 , 0 . 5 − a ) ; g lVe r t ex2 f (0 , 0) ;
glTexCoord2f (1 , 0 . 5 − a ) ; g lVe r t ex2 f (1 , 0) ;
glTexCoord2f (1 , 0 . 5 + a ) ; g lVer t ex2 f (1 , 1) ;

715 glTexCoord2f (0 , 0 . 5 + a ) ; g lVer t ex2 f (0 , 1) ;
} glEnd ( ) ;
g lD i s ab l e (GL TEXTURE 2D) ;
g lD i s ab l e (GL BLEND) ;
g lutSwapBuf fers ( ) ;

720 // do s t a t s s t u f f
i f ( j u l i a . f s ) {

i f ( j u l i a . i t e r . va lue . n > 16 ∗ 6) {
j u l i a s a v e ( ) ;

} e l s e {
725 j u l i a n e x t ( ) ;

}
}

}
g lutReportError s ( ) ;

730 }

i n t main ( i n t argc , char ∗∗ argv ) {
f p r i n t f ( s tde r r , ” j u l i a (GPL) 2010 Claude Heiland −Allen <claude@mathr . co . uk>\n⤦

Ç ”) ;
srand ( time (NULL) ) ;

735 g lutIn i tDisp layMode (GLUTRGBA | GLUTDOUBLE) ;
g lutInitWindowSize (1024 , 1024) ;
g l u t I n i t (&argc , argv ) ;
glutCreateWindow (” j u l i a ”) ;
g l ew In i t ( ) ;

740 j u l i a i n i t (4096 , 256) ;
g lutDisplayFunc ( j u l i a d i s p l a y ) ;
glutReshapeFunc ( j u l i a r e s h a p e ) ;
g lut Id l eFunc ( j u l i a i d l e ) ;
glutKeyboardFunc ( j u l i a k eyboa rd ) ;

745 glutMainLoop ( ) ;
r e turn 0 ;

}

4 MakeDVD.hs

import System . Environment ( getArgs )
import System . Exit ( e x i t F a i l u r e )
import System . IO( hPutStrLn , s t d e r r )
import Control .Monad(when)

5 import Data . Ord( comparing )
import Data . L i s t ( sortBy )
import Data .Map ( ( ! ) )
import q u a l i f i e d Data .Map as M
import q u a l i f i e d Data . Set as S

10

de f au l t ( Int )

chunk : : Int −> [ a ] −> [ [ a ] ]
chunk n [ ] = [ ]

15 chunk n xs = l e t ( ys , z s ) = sp l i tA t n xs in ys : chunk n zs

{−

16



gpujulia MakeDVD.hs

DVD VM usage
−−−−−−−−−−−−

20 g0 = random branching
g1 = s t a r t i n g video
fpc : s e t s g1 at random
t i t l e s e t 1 menu entry root : jump tab l e to t i t l e g1
t i t l e N : chooses random suc c e s s o r t i t l e

25 −}

dvd : : [ S t r ing ] −> St r ing
dvd mpegs =

un l i n e s
30 [ ”<!−− autogenerated f i l e , do not ed i t −−>”

, ”<dvdauthor jumppad=\”no\”>”
, ”<vmgm><fpc>{ g1 = random(” ++ show (M. s i z e t rans ) ++ ”) ; jump t i t l e s e t 1 ⤦

Ç menu entry root ; }</fpc></vmgm>”
, t i t l e s e t . map t i t l e . sortBy ( comparing snd ) . M. t oL i s t $ t rans
, ”</dvdauthor>”

35 ]
where

mpeg f t = f ++ ” − ” ++ t ++ ” .mpeg” −− r ebu i l d f i l ename
froms = map ( take 5 ) mpegs −− FIXME hardcoded f i l ename format
tos = map ( take 5 . drop 8) mpegs −− FIXME hardcoded f i l ename format

40 edges = z ip froms tos
source = M. fromList ( z ip mpegs froms )
s ink = M. fromList ( z ip mpegs to s )
nodes = M. fromList $ z ip (S . t oL i s t (S . f romList (M. elems source ) ‘S . union ‘ S⤦

Ç . f romList (M. elems s ink ) ) ) [ 1 . . ]
t rans = M. f romList $ z ip mpegs [ 1 . . ]

45 t i t l e s e t t i t l e s =
un l i n e s

[ ”< t i t l e s e t ><menus>”
, menus ( l ength t i t l e s )
, ”</menus><t i t l e s >”

50 , concat t i t l e s
, ”</ t i t l e s ></t i t l e s e t >”
]

t i t l e ( vob , t i t ) =
un l i n e s

55 [ ”<pgc ><!−− ” ++ show t i t ++ ” −−>”
, ”<pre>{”
, i f m > 1 then ” g0 = random(” ++ show m ++ ”) ; ” e l s e ” g0 = 1 ;”
, ”}</pre>”
, ”<vob f i l e =\”” ++ vob ++ ”\” />”

60 , ”<post>{”
, switch ”g0” m [1 . . m] (map snd to ) $ \ t −>

”{ jump t i t l e ” ++ show ( t rans ! mpeg from t ) ++ ” ; }”
, ”}</post>”
, ”</pgc><!−− ” ++ show t i t ++ ” −−>”

65 ]
where

from = s ink ! vob
m = length to
to = f i l t e r ( ( from ==) . f s t ) edges

70 menus n =
un l i n e s

[ concat submenus

17



gpujulia Makefile

, ”<pgc entry=\”root\”>”
, ”<pre>{”

75 , switch ”g1” s s [ 1 , 17 . . ] [ 1 . . s s ] $ \ t −> ”jump menu ” ++ show t ++ ⤦
Ç ” ;”

, ”}</pre><vob f i l e =\”menu .mpeg\” /></pgc>”
]

where
s s = length submenus

80 t a r g e t s = map unzip . chunk 16 $ z ip [ 1 . . n ] [ 1 . . n ]
submenus = zipWith menu [ 1 . . ] t a r g e t s
menu k ( xs , ys ) =

un l i n e s
[ ”<pgc ><!−− ” ++ show k ++ ” −−>”

85 , ”<pre>{”
, switch ”g1” ( l ength ys ) xs ys $ \ t −> ”jump t i t l e ” ++ show t ++ ⤦

Ç ” ;”
, ”}</pre><vob f i l e =\”menu .mpeg\” />”
, ”</pgc><!−− ” ++ show k ++ ” −−>”
]

90 switch r k xs t s f
| k > 1 = un l i n e s

[ ” i f (” ++ r ++ ” l t ” ++ show ( head xs2 ) ++ ”) {”
, switch r k2 xs1 t s1 f
, ”} e l s e {”

95 , switch r (k − k2 ) xs2 t s2 f
, ”}”
]

| k == 1 = f ( head t s )
| otherw i s e = e r r o r ”empty switch ”

100 where
k2 = k ‘ div ‘ 2
( xs1 , xs2 ) = sp l i tA t k2 xs
( ts1 , t s2 ) = sp l i tA t k2 t s

105 −− usage : . /MakeDVD ∗ − ∗ .mpeg > dvd . xml
main : : IO ( )
main = do

mpegs <− getArgs
when ( l ength mpegs > 99) $ do −− FIXME po s s i b l e to use chapter s with in t i t l e s ?

110 hPutStrLn s t d e r r ” only 99 t i t l e s al lowed , abor t ing ”
e x i tF a i l u r e

putStr $ dvd mpegs

5 Makefile

j u l i a : j u l i a . c
gcc −std=c99 −Wall −pedant ic −O2 −o j u l i a j u l i a . c −lGL −lGLU −lGLEW −⤦

Ç l g l u t

6 multiplex.sh

#!/bin /bash
f o r M2V in $@
do

MP2=”. ./ s i l e n c e 7 5 .mp2”
5 MPEG=”${M2V%m2v}mpeg”

mplex − f 8 −V −o ”${MPEG}” ”${M2V}” ”${MP2}”

18



gpujulia README

done

7 README

make && mkdir img && cd img && . . / j u l i a
the ” i n t e r e s t i n g ” images w i l l be saved as ppm f i l e s

5

( o ld s t u f f f o r making g r i d s below . . . )

make && mkdir img && cd img && . . / j u l i a | pnmspl it
rename s / image/ image0/ image?

10 rename s / image/ image0/ image ??
rename s / image/ image0/ image ???
rename s / image/ image0/ image ????
rename s / image// image ?????
rename s /\$ / .ppm/ ?????

15 l s −1 | xargs −n 256 pnmcat − l r | pnmspl it
rename s / image/ image0/ image?
rename s / image/ image0/ image ??
rename s / image/row/ image ???
rename s /\$ / .ppm/ row???

20 l s −1 | s o r t −r | xargs −n 256 pnmcat −tb > f u l l .ppm

8 transitions.sh

#!/bin /bash
(

echo ’ digraph G { ’
echo ’ node [ l a b e l =””, shape=” c i r c l e ” , s t y l e=” f i l l e d ” ] ; ’

5 edges=$ ( l s −1 | grep ” .ppm$” | sed ” s | . ppm$ | | ” )
nodes=$ ( f o r edge in ${ edges } ; do echo ${ edge} ; done | sed ” s | − .∗ $ | | ” | ⤦

Ç s o r t | uniq )
f o r node in ${nodes}
do

co l our=$ ( echo ${node} | sed ” s | .∗ $ | | ” )
10 case ${ co l our } in

0)
echo ”node [ f i l l c o l o r =\”green \ ” ] ; node ${node } ; ”
; ;

1)
15 echo ”node [ f i l l c o l o r =\”white \ ” ] ; node ${node } ; ”

; ;
2)

echo ”node [ f i l l c o l o r =\”orange \ ” ] ; node ${node } ; ”
; ;

20 esac
done
f o r edge in ${ edges }
do

source=$ ( echo ${ edge} | sed ” s | − .∗ $ | | ” )
25 s ink=$ ( echo ${ edge} | sed ” s | ˆ . ∗ − | | ” )

echo ”node ${ source } −> node ${ s ink } ; ”
done
echo ’} ’

) > t r a n s i t i o n s . dot

19
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30 neato −Tpng < t r a n s i t i o n s . dot > t r a n s i t i o n s . png

20


