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1 .gitignore

mandelbrot
∗ .mkv
∗ . wav
∗ .pgm

5 ∗ . png
∗ . aux
∗ . l og
∗ . pdf

2 Makefile

a l l : three −a lgor i thms .mkv three −a lgor i thms . pdf

b inaura l : three −algor i thms −b inaura l .mkv

5 c l ean :
−rm ∗ .mkv ∗ . wav ∗ .pgm ∗ . png ∗ . pdf ∗ . aux ∗ . l og mandelbrot

three −a lgor i thms .mkv : mandelbrot−a lgor i thm .mkv
ffmpeg − i mandelbrot−a lgor i thm .mkv −vf pad=1920:1080 :0 :60 −pix fmt ⤦

Ç yuv420p − p r o f i l e : v high − l e v e l : v 4 .1 − c r f : v 20 −codec : a copy −⤦
Ç max muxing queue size 99999 −y three −a lgor i thms .mkv

10

three −a lgor i thms . pdf : three −a lgor i thms .md
pandoc −Vgeometry=margin=2cm three −a lgor i thms .md −o three −a lgor i thms . pdf

three −algor i thms −b inaura l .mkv : mandelbrot−b inaura l .mkv
15 mv mandelbrot−b inaura l .mkv three −algor i thms −b inaura l .mkv

mandelbrot−b inaura l .mkv : mandelbrot−b inaura l . wav three −a lgor i thms .mkv
ffmpeg − i mandelbrot−b inaura l . wav − i three −a lgor i thms .mkv −map : a 0 :0 −⤦

Ç map : v 1 :0 −codec : a copy −codec : v copy − s h o r t e s t mandelbrot−⤦
Ç b inaura l .mkv
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20 mandelbrot−b inaura l . wav : mandelbrot−a lgor i thm .pcm .wav
ecasound − f : f 3 2 l e ,2 ,48000 −G: jack , , send − i : jack ,⤦

Ç ambix b inaura l s tanda lone o3 −o : mandelbrot−b inaura l . wav &
ecasound − f : f 3 2 l e ,16 ,48000 −G: jack , , recv − i : mandelbrot−a lgor i thm .pcm .⤦

Ç wav −o : jack , ambix b inaura l s tanda lone o3
k i l l a l l ecasound

25 mandelbrot−a lgor i thm .pcm .wav : mandelbrot−a lgor i thm .wav
sox mandelbrot−a lgor i thm .wav mandelbrot−a lgor i thm .wavpcm
mv mandelbrot−a lgor i thm .wavpcm mandelbrot−a lgor i thm .pcm .wav

mandelbrot−a lgor i thm .wav : three −a lgor i thms .mkv
30 f fmpeg − i three −a lgor i thms .mkv −codec : a copy mandelbrot−a lgor i thm .wav

mandelbrot−a lgor i thm .mkv : t i t l e s . 1 .mkv t i t l e s . 2 .mkv t i t l e s . 3 .mkv mandelbrot−⤦
Ç algor ithm −0.mkv t i t l e s . 4 .mkv mandelbrot−algor ithm −1.mkv t i t l e s . 5 .mkv ⤦
Ç mandelbrot−algor ithm −2.mkv t i t l e s . 6 .mkv

ffmpeg − i mandelbrot−a lgor i thm . txt −codec : a copy −codec : v copy ⤦
Ç mandelbrot−a lgor i thm .mkv

35 mandelbrot : mandelbrot . c
gcc −7 −std=c99 −Wall −Wextra −pedant ic −O3 −fopenmp −o mandelbrot ⤦

Ç mandelbrot . c − l s n d f i l e −lm

mandelbrot−algor ithm −%.mkv : mandelbrot
−rm out . wav video .mkv

40 . / mandelbrot $∗ 128 480 240 0 0 2 | f fmpeg − f ramerate 60 − f image2pipe −⤦
Ç i − − sw s f l a g s ne ighbor −s 1920 x960 −codec : v png video .mkv

ffmpeg − i out . wav − i v ideo .mkv −codec : v copy −codec : a copy $@

s i l e n c e . wav :
ecasound − f : f 3 2 l e ,16 ,48000 − i : j ack −o : s i l e n c e . wav −t : 4

45

t i t l e s . pdf : t i t l e s . tex
pd f l a t ex t i t l e s . tex

t i t l e s . 1 . png t i t l e s . 2 . png t i t l e s . 3 . png t i t l e s . 4 . png t i t l e s . 5 . png t i t l e s . 6 . png : ⤦
Ç t i t l e s . pdf

50 gs −sDEVICE=pngalpha −dTextAlphaBits=4 −o t i t l e s .%d . png −r960 t i t l e s . pdf

%.pgm: %.png
convert $< −background white $@

55 %.mkv : %.pgm s i l e n c e . wav
−rm t . ? . pgm
ln −s $< t . 0 . pgm
ln −s $< t . 1 . pgm
ffmpeg − i s i l e n c e . wav −r 1/4 − i t .%d .pgm −pix fmt rgb24 −vf negate , f p s=⤦

Ç f p s =60, fade=in : 0 : 6 0 , fade=out : 1 80 : 6 0 −r 60 −codec : v png −codec : a ⤦
Ç copy −t 4 $@

3 mandelbrot-algorithm.txt

f f c o n c a t ve r s i on 1 .0
f i l e t i t l e s . 1 .mkv
f i l e t i t l e s . 2 .mkv
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f i l e t i t l e s . 3 .mkv
5 f i l e mandelbrot−algor ithm −0.mkv

f i l e t i t l e s . 4 .mkv
f i l e mandelbrot−algor ithm −1.mkv
f i l e t i t l e s . 5 .mkv
f i l e mandelbrot−algor ithm −2.mkv

10 f i l e t i t l e s . 6 .mkv

4 mandelbrot.c

// http ://mathr . co . uk/ blog /2014−11−02 p r a c t i c a l i n t e r i o r d i s t a n c e r e n d e r i n g . html

#inc lude <complex . h>
#inc lude <math . h>

5 #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 <s n d f i l e . h>
10

s t a t i c i n l i n e double cnorm( double Complex z )
{

double x = c r e a l ( z ) ;
double y = cimag ( z ) ;

15 re turn x ∗ x + y ∗ y ;
}

// http :// bu r t l e bu r t l e . net /bob/hash/ i n t e g e r . html
s t a t i c u i n t 32 t bur t l e ha sh ( u in t 32 t a )

20 {
a = ( a+0x7ed55d16 ) + (a<<12) ;
a = ( aˆ0 xc761c23c ) ˆ (a>>19) ;
a = ( a+0x165667b1 ) + (a<<5) ;
a = ( a+0xd3a2646c ) ˆ (a<<9) ;

25 a = ( a+0xfd7046c5 ) + (a<<3) ;
a = ( aˆ0 xb55a4f09 ) ˆ (a>>16) ;
r e turn a ;

}

30 // pseudo−random uniform number in [ 0 , 1 )
s t a t i c double uniform ( u in t 32 t a , u i n t 32 t b , u i n t 32 t c )
{

// re turn rand ( ) / ( double ) RANDMAX;
return bur t l e ha sh ( a ˆ bur t l e ha sh (b ˆ bur t l e ha sh ( c ) ) ) / ( double ) (0⤦

Ç x100000000LL ) ;
35 }

#de f i n e SR 48000
#de f i n e FPS 60
#de f i n e BUFLEN (SR/FPS)

40 #de f i n e CHANNELS 16

s t a t i c f l o a t bu f f e r [BUFLEN] [CHANNELS] ;
s t a t i c i n t bufptr = 0 ;
SNDFILE ∗ s n d f i l e ;

45

unsigned char ∗ image ;
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i n t width ;
i n t he ight ;

50 i n t frame = 0 ;

s t a t i c i n l i n e void image save ppm ( unsigned char ∗ image , i n t width , i n t height , ⤦
Ç const char ∗ f i l ename ) ;

s t a t i c void s on i f y ( double Complex Z , u i n t 32 t n , u i n t 32 t p , u i n t 32 t q )
55 {

double X = c r e a l (Z) ;
double Y = cimag (Z) ;
i f ( i snan (X) | | i snan (Y) | | i s i n f (X) | | i s i n f (Y) ) { X = 0 ; Y = 0 ; }
double R = X ∗ X + Y ∗ Y + 1 ;

60 double x = 2 ∗ Y / R;
double y = −2 ∗ X / R;
double z = (2 − R)/ R;
// https : // b lue r ipp l e sound . com/b− format
double o = uniform (n , p , q ) − 0 . 5 ;

65 #de f i n e b bu f f e r [ bu fptr ]
// order 0
b [ 0 ] = o ∗ 1 ;
// order 1
b [ 1 ] = o ∗ y ;

70 b [ 2 ] = o ∗ z ;
b [ 3 ] = o ∗ x ;
// order 2
b [ 4 ] = o ∗ s q r t (3 ) ∗ x ∗ y ;
b [ 5 ] = o ∗ s q r t (3 ) ∗ y ∗ z ;

75 b [ 6 ] = o ∗ 1/2 . ∗ (3 ∗ z ∗ z − 1) ;
b [ 7 ] = o ∗ s q r t (3 ) ∗ x ∗ z ;
b [ 8 ] = o ∗ s q r t ( 3 / 4 . ) ∗ ( x ∗ x − y ∗ y ) ;
// order 3
b [ 9 ] = o ∗ s q r t ( 5 / 8 . ) ∗ y ∗ (3 ∗ x ∗ x − y ∗ y ) ;

80 b [ 1 0 ] = o ∗ s q r t (15) ∗ x ∗ y ∗ z ;
b [ 1 1 ] = o ∗ s q r t ( 3 / 8 . ) ∗ y ∗ (5 ∗ z ∗ z − 1) ;
b [ 1 2 ] = o ∗ 1/2 . ∗ z ∗ (5 ∗ z ∗ z − 3) ;
b [ 1 3 ] = o ∗ s q r t ( 3 / 8 . ) ∗ x ∗ (5 ∗ z ∗ z − 1) ;
b [ 1 4 ] = o ∗ s q r t ( 1 5/4 . ) ∗ z ∗ ( x ∗ x − y ∗ y ) ;

85 b [ 1 5 ] = o ∗ s q r t ( 5 / 8 . ) ∗ x ∗ ( x ∗ x − 3 ∗ y ∗ y ) ;
#undef b

i f (++bufptr == BUFLEN)
{

bufptr = 0 ;
90 s f w r i t e f f l o a t ( s nd f i l e , &bu f f e r [ 0 ] [ 0 ] , BUFLEN) ;

char f i l ename [ 1 0 0 ] ;
s n p r i n t f ( f i l ename , 100 , ”%08d .ppm” , frame++);
image save ppm ( image , width , height , f i l ename ) ;

}
95 }

s t a t i c void s o n i f y f i n i s h ( void )
{

i f ( bu fptr )
100 {

f o r ( i n t i = bufptr ; i < BUFLEN; ++i )
{
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f o r ( i n t c = 0 ; c < CHANNELS; ++c )
{

105 bu f f e r [ i ] [ c ] = 0 ;
}

}
s f w r i t e f f l o a t ( s nd f i l e , &bu f f e r [ 0 ] [ 0 ] , BUFLEN) ;
char f i l ename [ 1 0 0 ] ;

110 s np r i n t f ( f i l ename , 100 , ”%08d .ppm” , frame++);
image save ppm ( image , width , height , f i l ename ) ;

}
}

115 const double p i = 3.141592653589793 ;
const double i n f i n i t y = 1 .0 / 0 . 0 ;
const double phi = 1.618033988749895 ; // ( sq r t ( 5 . 0 ) + 1 . 0 ) / 2 . 0 ;
const double co lour modulus = 5.7581917135421046 e −2; // ( 1 . 0 + 1 .0 / ( phi ∗ phi )⤦

Ç ) / 2 4 . 0 ;
const double e s c ap e r ad i u s 2 = 512 .0 ∗ 512 . 0 ;

120

const i n t BIASUNKNOWN = 0 ;
const i n t BIAS INTERIOR = 1 ;
const i n t BIAS EXTERIOR = 2 ;

125 const i n t ALGORITHM PLAIN = 0 ;
const i n t ALGORITHMUNBIASED = 1 ;
const i n t ALGORITHM BIASED = 2 ;
const i n t ALGORITHMANALYSE = 4 ;

130 s t a t i c i n l i n e double cabs2 ( complex double z ) {
re turn c r e a l ( z ) ∗ c r e a l ( z ) + cimag ( z ) ∗ cimag ( z ) ;

}

s t a t i c i n l i n e unsigned char ∗ image new ( i n t width , i n t he ight ) {
135 re turn mal loc ( width ∗ he ight ∗ 3) ;

}

s t a t i c i n l i n e void image c l ea r ( unsigned char ∗ image , i n t width , i n t he ight )
{

140 memset ( image , 0 , width ∗ he ight ∗ 3) ;
}

s t a t i c i n l i n e void image de l e t e ( unsigned char ∗ image ) {
f r e e ( image ) ;

145 }

s t a t i c i n l i n e void image save ppm ( unsigned char ∗ image , i n t width , i n t height , ⤦
Ç const char ∗ f i l ename ) {

FILE ∗ f = stdout ; // fopen ( f i l ename , ”wb”) ;
i f ( f ) {

150 f p r i n t f ( f , ”P6\n%d %d\n255\n” , width , he ight ) ;
fw r i t e ( image , width ∗ he ight ∗ 3 , 1 , f ) ;
// f c l o s e ( f ) ;

} e l s e {
f p r i n t f ( s tde r r , ”ERROR saving ‘%s ’\n” , f i l ename ) ;

155 }
}
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s t a t i c i n l i n e void image poke ( unsigned char ∗ image , i n t width , i n t i , i n t j , i n t⤦
Ç r , i n t g , i n t b) {

i n t k = ( width ∗ j + i ) ∗ 3 ;
160 image [ k++] = r ;

image [ k++] = g ;
image [ k ] = b ;

}

165 s t a t i c i n l i n e void c o l ou r h sv t o r gb ( double h , double s , double v , double ∗ r , ⤦
Ç double ∗g , double ∗b) {

double i , f , p , q , t ;
i f ( s == 0) { ∗ r = ∗g = ∗b = v ; } e l s e {

h = 6 ∗ (h − f l o o r (h) ) ;
i n t i i = i = f l o o r (h) ;

170 f = h − i ;
p = v ∗ (1 − s ) ;
q = v ∗ (1 − ( s ∗ f ) ) ;
t = v ∗ (1 − ( s ∗ (1 − f ) ) ) ;
switch ( i i ) {

175 case 0 : ∗ r = v ; ∗g = t ; ∗b = p ; break ;
case 1 : ∗ r = q ; ∗g = v ; ∗b = p ; break ;
case 2 : ∗ r = p ; ∗g = v ; ∗b = t ; break ;
case 3 : ∗ r = p ; ∗g = q ; ∗b = v ; break ;
case 4 : ∗ r = t ; ∗g = p ; ∗b = v ; break ;

180 de f au l t :∗ r = v ; ∗g = p ; ∗b = q ; break ;
}

}
}

185 s t a t i c i n l i n e void c o l o u r t o by t e s ( double r , double g , double b , i n t ∗ r out , i n t⤦
Ç ∗g out , i n t ∗b out ) {

∗ r ou t = fmin ( fmax (255 ∗ r , 0) , 255) ;
∗ g out = fmin ( fmax (255 ∗ g , 0) , 255) ;
∗b out = fmin ( fmax (255 ∗ b , 0) , 255) ;

}
190

s t a t i c i n l i n e void co lour mande lbrot ( unsigned char ∗ image , i n t width , i n t i , i n t⤦
Ç j , i n t per iod , double d i s t anc e ) {

double r , g , b ;
c o l ou r h sv t o r gb ( per iod ∗ colour modulus , 0 . 5 , tanh ( d i s t anc e ) , &r , &g , &b) ;
i n t i r , ig , ib ;

195 c o l o u r t o by t e s ( r , g , b , &i r , &ig , &ib ) ;
image poke ( image , width , i , j , i r , ig , ib ) ;

}

s t a t i c i n l i n e void c o l o u r a n a l y s i s ( unsigned char ∗ image , i n t width , i n t i , i n t j⤦
Ç , i n t bias , i n t outcome ) {

200 i n t i r = 0 , i g = 0 , ib = 0 ;
i f ( b i a s == outcome ) {

i g = 255 ;
} e l s e i f ( b i a s == BIAS INTERIOR && outcome == BIAS EXTERIOR) {

ib = 255 ;
205 } e l s e i f ( b i a s == BIAS EXTERIOR && outcome == BIAS INTERIOR) {

i r = 255 ;
}
image poke ( image , width , i , j , i r , ig , ib ) ;

}
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210

s t a t i c i n l i n e i n t a t t r a c t o r ( complex double ∗ z out , complex double ∗dz out , ⤦
Ç complex double z0 , complex double c , i n t per iod ) {

double e p s i l o n 2 = 1e −20;
complex double zz = z0 ;
f o r ( i n t j = 0 ; j < 64 ; ++j ) {

215 complex double z = zz ;
complex double dz = 1 ;
f o r ( i n t i = 0 ; i < per iod ; ++i ) {

dz = 2 .0 ∗ z ∗ dz ;
z = z ∗ z + c ;

220 s on i f y ( z , per iod , i , −1) ;
}
complex double zz1 = zz − ( z − zz ) / ( dz − 1 . 0 ) ;
i f ( cabs2 ( zz1 − zz ) < e p s i l o n 2 ) {

∗ z out = z ;
225 ∗dz out = dz ;

re turn 1 ;
}
zz = zz1 ;

}
230 re turn 0 ;

}

s t a t i c i n l i n e double i n t e r i o r d i s t a n c e ( complex double z0 , complex double c , i n t ⤦
Ç per iod ) {

complex double z = z0 ;
235 complex double dz = 1 ;

complex double dzdz = 0 ;
complex double dc = 0 ;
complex double dcdz = 0 ;
f o r ( i n t p = 0 ; p < per iod ; ++p) {

240 dcdz = 2 ∗ ( z ∗ dcdz + dz ∗ dc ) ;
dc = 2 ∗ z ∗ dc + 1 ;
dzdz = 2 ∗ ( dz ∗ dz + z ∗ dzdz ) ;
dz = 2 ∗ z ∗ dz ;
z = z ∗ z + c ;

245 s on i f y ( z , per iod , p , −1) ;
}
re turn (1 − cabs2 ( dz ) ) / cabs ( dcdz + dzdz ∗ dc / (1 − dz ) ) ;

}

250 s t r u c t p a r t i a l {
complex double z ;
i n t p ;

} ;

255 s t a t i c i n l i n e void render ( unsigned char ∗ image , i n t algor ithm , i n t maxiters , i n t⤦
Ç width , i n t height , complex double center , double rad iu s ) {

// double p i x e l s p a c i n g = rad iu s / ( he ight / 2 . 0 ) ;
// #pragma omp p a r a l l e l f o r schedu le ( dynamic , 1)

f o r ( i n t j = 0 ; j < he ight ; ++j ) {
s t r u c t p a r t i a l ∗ p a r t i a l s = 0 ;

260 i n t b i a s = BIAS EXTERIOR, new bias , n p a r t i a l s ;
i f ( a lgor i thm & ALGORITHM BIASED) {

p a r t i a l s = mal loc ( maxiters ∗ s i z e o f ( s t r u c t p a r t i a l ) ) ;
}

8
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f o r ( i n t i = 0 ; i < width ; ++i ) {
265 image poke ( image , width , i , j , 255 , 255 , 255) ;

new bias = BIASUNKNOWN;
npa r t i a l s = 0 ;
double theta0 = 2 ∗ pi ∗ ( i + 0 . 5 ) / width ;
double theta1 = 2 ∗ pi ∗ ( i + 1 . 5 ) / width ;

270 double phi0 = pi ∗ ( he ight / 2 .0 − j − 0 . 5 ) / he ight ;
double phi1 = pi ∗ ( he ight / 2 .0 − j − 0 .5 + ( j >= he ight / 2 ? −1 : 1) ) /⤦

Ç he ight ;
double X0 = cos ( theta0 ) ∗ cos ( phi0 ) ;
double Y0 = s in ( theta0 ) ∗ cos ( phi0 ) ;
double Z0 = s in ( phi0 ) ;

275 double X1 = cos ( theta1 ) ∗ cos ( phi1 ) ;
double Y1 = s in ( theta1 ) ∗ cos ( phi1 ) ;
double Z1 = s in ( phi1 ) ;
double x0 = X0 / (1 − Z0) ;
double y0 = Y0 / (1 − Z0) ;

280 double x1 = X1 / (1 − Z1) ;
double y1 = Y1 / (1 − Z1) ;
double p i x e l s p a c i n g = hypot ( x0 − x1 , y0 − y1 ) ;
complex double c = x0 + I ∗ y0 ;
complex double z = 0 ;

285 complex double dc = 0 ;
double minimum z2 = i n f i n i t y ;
i n t per iod = 0 ;
f o r ( i n t n = 1 ; n <= maxiters ; ++n) {

dc = 2 ∗ z ∗ dc + 1 ;
290 z = z ∗ z + c ;

s on i f y ( z , n , −1 , −1) ;
double z2 = cabs2 ( z ) ;
i f ( z2 < minimum z2 ) {

minimum z2 = z2 ;
295 per iod = n ;

i f ( a lgor i thm & (ALGORITHMUNBIASED | ALGORITHM BIASED) ) {
i f ( a lgor i thm & ALGORITHMUNBIASED | | b ia s == BIAS INTERIOR) {

complex double z0 = 0 , dz0 = 0 ;
i f ( a t t r a c t o r (&z0 , &dz0 , z , c , pe r iod ) ) {

300 i f ( cabs2 ( dz0 ) <= 1 . 0 ) {
i f ( a lgor i thm & ALGORITHMANALYSE) {

c o l o u r a n a l y s i s ( image , width , i , j , b ias , BIAS INTERIOR) ;
} e l s e {

double d i s t ance = i n t e r i o r d i s t a n c e ( z0 , c , per iod ) / ⤦
Ç p i x e l s p a c i n g ;

305 co lour mande lbrot ( image , width , i , j , per iod , d i s t ance ) ;
}
new bias = BIAS INTERIOR ;
break ;

}
310 }

} e l s e i f ( a lgor i thm & ALGORITHM BIASED) {
p a r t i a l s [ n p a r t i a l s ] . z = z ;
p a r t i a l s [ n p a r t i a l s ] . p = per iod ;
n p a r t i a l s++;

315 }
}

}
i f ( z2 >= es cap e r ad i u s 2 ) {

9
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i f ( a lgor i thm & ALGORITHMANALYSE) {
320 c o l o u r a n a l y s i s ( image , width , i , j , b ias , BIAS EXTERIOR) ;

} e l s e {
double d i s t ance = sq r t ( z2 ) ∗ l og ( z2 ) / ( cabs ( dc ) ∗ p i x e l s p a c i n g ) ;
co lour mande lbrot ( image , width , i , j , per iod , d i s t ance ) ;

}
325 new bias = BIAS EXTERIOR;

break ;
}

}
i f ( a lgor i thm & ALGORITHM BIASED) {

330 i f ( b i a s == BIAS EXTERIOR && new bias == BIASUNKNOWN) {
f o r ( i n t n = 0 ; n < npa r t i a l s ; ++n) {

complex double z = p a r t i a l s [ n ] . z ;
i n t per iod = p a r t i a l s [ n ] . p ;
complex double z0 = 0 , dz0 = 0 ;

335 i f ( a t t r a c t o r (&z0 , &dz0 , z , c , pe r iod ) ) {
i f ( cabs2 ( dz0 ) <= 1 . 0 ) {

i f ( a lgor i thm & ALGORITHMANALYSE) {
c o l o u r a n a l y s i s ( image , width , i , j , b ias , BIAS INTERIOR) ;

} e l s e {
340 double d i s t ance = i n t e r i o r d i s t a n c e ( z0 , c , per iod ) / ⤦

Ç p i x e l s p a c i n g ;
co lour mande lbrot ( image , width , i , j , per iod , d i s t ance ) ;

}
new bias = BIAS INTERIOR ;
break ;

345 }
}

}
}

}
350 i f ( new bias == BIASUNKNOWN) {

i f ( a lgor i thm & ALGORITHMANALYSE) {
c o l o u r a n a l y s i s ( image , width , i , j , b ias , BIASUNKNOWN) ;

} e l s e {
i f ( a lgor i thm & (ALGORITHMUNBIASED | ALGORITHM BIASED) ) {

355 co lour mande lbrot ( image , width , i , j , per iod , 0 . 0 ) ;
} e l s e {

co lour mande lbrot ( image , width , i , j , per iod , 10 . 0 ) ;
}

}
360 new bias = BIAS EXTERIOR;

}
b ia s = new bias ;

}
i f ( a lgor i thm & ALGORITHM BIASED) {

365 f r e e ( p a r t i a l s ) ;
}

}
}

370 i n t main ( i n t argc , char ∗∗ argv ) {
i f ( argc != 8) {

f p r i n t f ( s tde r r ,
” usage : %s a lgor i thm maxiters width he ight c r e a l cimag rad iu s \n”
” va lue s f o r a lgor i thm :\n”
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375 ” 0 p l a i n ( e x t e r i o r only ) \n”
” 1 unbiased ( e x t e r i o r and i n t e r i o r , unoptimized ) \n”
” 2 b iased ( e x t e r i o r and i n t e r i o r opt imized by l o c a l connectedness ) \n”
” 6 ana l y s i s map o f b iased render ing \n”
, argv [ 0 ] ) ;

380 re turn 1 ;
}
SF INFO in f o = { 0 , SR, CHANNELS, SF FORMATWAV | SF FORMAT FLOAT, 0 , 0 } ;
s n d f i l e = s f open (” out . wav” , SFM WRITE, &i n f o ) ;
i n t a lgor i thm = ato i ( argv [ 1 ] ) ;

385 i n t maxiters = a t o i ( argv [ 2 ] ) ;
width = a t o i ( argv [ 3 ] ) ;
he ight = a t o i ( argv [ 4 ] ) ;
complex double c ent e r = a to f ( argv [ 5 ] ) + I ∗ a to f ( argv [ 6 ] ) ;
double rad iu s = ato f ( argv [ 7 ] ) ;

390 image = image new (width , he ight ) ;
// f o r ( i n t zoom = 0 ; zoom < 64 ; ++zoom)

in t zoom = 8 ;
{

image c l ea r ( image , width , he ight ) ;
395 render ( image , algor ithm , maxiters , width , height , center , r ad iu s ∗ pow (0 . 5 , ⤦

Ç zoom − 8) ) ;
}
s o n i f y f i n i s h ( ) ;
image de l e t e ( image ) ;
s f c l o s e ( s n d f i l e ) ;

400 re turn 0 ;
}

5 README.md

− ‘ jackd ‘ must be running

− run ‘make ‘

5 − needs ˜2 .5GB space

− ‘make binaura l ‘ v e r s i on may be out o f sync and r equ i r e e d i t i n g f o r latency ,
a l s o k i l l s ecasound p ro c e s s e s . FIXME

10 − ‘ ambix b inaura l s tanda lone o3 ‘ must be running with JACK with a p r e s e t loaded

6 three-algorithms.md

# Three Algorithms

## Space Concept

5 The Mandelbrot s e t i s a f r a c t a l formed by repeated i t e r a t i o n s o f the complex
number formula $z \ to z ˆ2 + c$ . A f i r s t na ive a lgor i thm i s to simply i t e r a t e
r epea t ed ly to check i f the sequence d i v e r g e s . An improvement i s to check f o r
convergence , us ing Newton ’ s method f o r root f i nd i n g to check that a p e r i o d i c
l im i t c y c l e has d e r i v a t i v e l e s s than $1$ in magnitude . A th i rd opt im i sa t i on i s

10 to op t i o na l l y postpone those more expens ive checks , depending on the outcome
o f the prev ious p i x e l − i f a p i x e l d iverges , i t s neighbour i s l i k e l y to
d ive rge a l so , whi l e convergent p i x e l s c l u s t e r toge the r too .
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These three a lgor i thms are s o n i f i e d by s t e r e og r aph i c p r o j e c t i o n o f the complex
15 z coord ina te ( a f t e r each $z \ to z ˆ2 + c$ i t e r a t i o n ) to the un i t Riemann sphere

in $3$D space , wherea f t e r Ambisonics takes over . The waveform so placed in ⤦
Ç space

i s a hash no i s e func t i on o f the cur rent i t e r a t i o n number o f the p i x e l t oge the r
with the candidate per iod o f the cy c l e under i n v e s t i g a t i o n f o r i n t e r i o r checks .

20 ## Technica l Desc ipt ion

The p i e c e i s a f i x ed multimedia v ideo compos it ion . The soundtrack i s encoded
in $16$ channel ACN/SN3D 3rd order ambisonics , with a separa te b inaura l render
provided f o r preview purposes only . The sound i s synchron ized to the image ,

25 both are generated by the same f r a c t a l i t e r a t i o n s . One audio sample frame i s
c a l c u l a t ed per i t e r a t i o n at $48000$ Hz , a p i x e l may take many i t e r a t i o n s ,
thus the image appears in s c an l i n e f a sh i on .

The video f i l e i s rendered at $480\ t imes 240$ p ix e l s , upsca led $4\ times$ , which
30 g i v e s a t o t a l audio l ength o f approximately $4$ minutes $30$ seconds .

− audio codec : f 3 2 l e 16ch 48000Hz PCM
− video codec : yuv420p h264 p r o f i l e high l e v e l 4 . 1 c r f 20
− media conta ine r : Matroska (MKV)

35

## Requirements

− video playback and p r o j e c t i o n ( $1920\ t imes1080p60$ ) , synchron ized to
− sound reproduct ion ( Ambisonics decode to Cube speaker s )

40 − setup time : a s imple 5−10mins playthrough ( a/v l i n e check )

## Download Links

− <https : //mathr . co . uk/ three −a lgor i thms / three −a lgor i thms .mkv> 800MB
45 − <https : //mathr . co . uk/ three −a lgor i thms / three −algor i thms −b inaura l .mkv> 100MB

## About mathr

Claude Heiland −Allen (<https : //mathr . co . uk>) i s an a r t i s t from London
50 i n t e r e s t e d in the complex emergent behaviour o f s imple systems , and

mathematical a e s t h e t i c s .

\ h f i l l $ \ square$
\ page s ty l e {empty}

7 titles.tex

\documentclass { a r t i c l e }
\usepackage [ paperwidth=2in , paperhe ight=1in , margin=0.4 in ]{ geometry}
\usepackage { lmodern}
\usepackage { adjustbox }

5

\renewcommand{\ f am i l yd e f au l t }{\ s f d e f a u l t }
\ page s ty l e {empty}

\begin {document}
10 \ c en t e r i ng

\( z \mapsto z ˆ2 + c \)
\newpage
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three a lgor i thms
\newpage

15 1 . e x t e r i o r check ing
\newpage
2 . i n t e r i o r check ing
\newpage
3 . l o c a l l y connected

20 \newpage
mathr . co . uk 2018
\end{document}
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