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1 code/boat.c

#inc lude <math . h>
#inc lude <s t d l i b . h>
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#inc lude <c a i r o / c a i r o . h>
5

#inc lude ”boat . h”
#inc lude ”boat . f r a g . c”
#inc lude ”boat . ve r t . c”

10 s t r u c t boat ∗ b o a t i n i t ( s t r u c t boat ∗boat ) {
i f ( ! boat ) { re turn 0 ; }
i f ( ! s h a d e r i n i t (&boat−>shader , boat vert , boa t f r ag ) ) { re turn 0 ; }
shader uni form ( boat , tex ) ;
shader uni form ( boat , boatX ) ;

15 shader uni form ( boat , amplitude ) ;
shader uni form ( boat , f requency ) ;
shader uni form ( boat , l e v e l ) ;
shader uni form ( boat , phase ) ;
shader uni form ( boat , s i z e ) ;

20 shader uni form ( boat , s t r oke ) ;
shader uni form ( boat , f i l l ) ;
boat−>value . tex = 0 ;
boat−>value . boatX = 0 ;
boat−>value . amplitude = 0 ;

25 boat−>value . f requency = 0 ;
boat−>value . l e v e l = 0 ;
boat−>value . phase = 0 ;
boat−>value . s i z e = 1 ;
boat−>value . s t r oke . v [ 0 ] = 0 ;

30 boat−>value . s t r oke . v [ 1 ] = 0 ;
boat−>value . s t r oke . v [ 2 ] = 0 ;
boat−>value . s t r oke . v [ 3 ] = 1 ;
boat−>value . f i l l . v [ 0 ] = 1 ;
boat−>value . f i l l . v [ 1 ] = 1 ;

35 boat−>value . f i l l . v [ 2 ] = 1 ;
boat−>value . f i l l . v [ 3 ] = 1 ;
glGenTextures (1 , &boat−>tex ) ;
glBindTexture (GL TEXTURE 2D, boat−>tex ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR MIPMAP LINEAR)⤦

Ç ;
40 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;

glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP S, GL CLAMP TO EDGE) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTUREWRAP T, GL CLAMP TO EDGE) ;
f o r ( i n t s i z e = 4096 , l e v e l = 0 ; s i z e > 0 ; s i z e >>= 1 , l e v e l += 1) {

c a i r o s u r f a c e t ∗ s u r f a c e = c a i r o imag e s u r f a c e c r e a t e (CAIRO FORMAT ARGB32, ⤦
Ç s i z e , s i z e ) ;

45 c a i r o t ∗ cr = c a i r o c r e a t e ( s u r f a c e ) ;
c a i r o s e t s o u r c e r g b a ( cr , 0 , 0 , 0 , 0) ;
c a i r o p a i n t ( cr ) ;
i f ( s i z e > 16) {

c a i r o s a v e ( cr ) ;
50 c a i r o t r a n s l a t e ( cr , s i z e /2 . 0 , s i z e /2 . 0 ) ;

c a i r o s c a l e ( cr , s i z e /128 .0 , s i z e /128 .0 ) ;
#de f i n e M(x , y ) ca i ro move to ( cr , x , y ) ;
#de f i n e L(x , y ) c a i r o l i n e t o ( cr , x , y ) ;
#de f i n e Z c a i r o c l o s e p a t h ( cr ) ;

55 M(−18 ,−5)L(−2 ,−5)L(−2 ,−27)L(14 , −15)L(−2 ,−7)L(−2 ,−5)L(20 , −5)L(12 ,3 )L( −12 ,3)⤦
Ç L(−18 ,−5)Z

#undef M
#undef L
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#undef Z
c a i r o r e s t o r e ( cr ) ;

60 c a i r o s e t l i n e w i d t h ( cr , 4) ;
c a i r o s e t s o u r c e r g b a ( cr , 1 , 1 , 1 , 1) ;
c a i r o f i l l p r e s e r v e ( cr ) ;
c a i r o s e t s o u r c e r g b a ( cr , 0 , 0 , 0 , 1) ;
c a i r o s t r o k e ( cr ) ;

65 }
c a i r o d e s t r o y ( cr ) ;
c a i r o s u r f a c e f l u s h ( su r f a c e ) ;
unsigned char ∗ p i x e l s = ca i r o imag e s u r f a c e g e t d a t a ( su r f a c e ) ;
i n t s t r i d e = c a i r o ima g e s u r f a c e g e t s t r i d e ( s u r f a c e ) ;

70 i f ( s t r i d e != s i z e ∗ 4) {
e x i t (42) ;

}
g l P i x e l S t o r e i (GL UNPACKALIGNMENT, 1) ;
glTexImage2D (GL TEXTURE 2D, l e v e l , GL RGBA, s i z e , s i z e , 0 , GL RGBA, ⤦

Ç GL UNSIGNED BYTE, p i x e l s ) ;
75 c a i r o s u r f a c e d e s t r o y ( s u r f a c e ) ;

}
glBindTexture (GL TEXTURE 2D, 0) ;
r e turn boat ;

}
80

void boat use ( s t r u c t boat ∗boat ) {
i f ( boat ) {

glUseProgram ( boat−>shader . program ) ;
glBindTexture (GL TEXTURE 2D, boat−>tex ) ;

85 shader update i ( boat , tex ) ;
shader update f ( boat , boatX ) ;
shader update f ( boat , amplitude ) ;
shader update f ( boat , f requency ) ;
shader update f ( boat , l e v e l ) ;

90 shader update f ( boat , phase ) ;
shader update f ( boat , s i z e ) ;
shader update f4 ( boat , s t r oke ) ;
shader update f4 ( boat , f i l l ) ;

} e l s e {
95 glBindTexture (GL TEXTURE 2D, 0) ;

glUseProgram (0) ;
}

}

2 code/boat.frag

/∗ boat image ∗/
uniform sampler2D tex ;

/∗ boat po s i t i o n ∗/
5 uniform f l o a t boatX ;

/∗ wave shape ∗/
uniform f l o a t amplitude ;
uniform f l o a t f requency ;

10 uniform f l o a t l e v e l ;
uniform f l o a t phase ;
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/∗ boat s i z e ∗/
uniform f l o a t s i z e ;

15

/∗ appearance ∗/
uniform vec4 s t r oke ;
uniform vec4 f i l l ;

20 const vec4 t ransparent = vec4 ( 0 . 0 ) ;

void main ( void ) {
vec2 p = gl TexCoord [ 0 ] . xy ;
f l o a t t = frequency ∗ boatX + phase ;

25 f l o a t boatY = amplitude ∗ s i n ( t ) + l e v e l ;
f l o a t boatT = atan ( amplitude ∗ f r equency ∗ cos ( t ) , 2 . 0 ) ;
mat2 boatM = mat2 ( cos ( boatT ) , s i n ( boatT ) , s i n ( boatT ) , −cos ( boatT ) ) ;
vec2 q = boatM ∗ (p − vec2 ( boatX , boatY ) ) ;
vec4 c = texture2D ( tex , s i z e ∗ q + vec2 ( 0 . 5 ) ) ;

30 g l FragCo lor = vec4 (mix ( s t r oke . rgb , f i l l . rgb , c . rgb / ( c . a > 0 .0 ? c . a : 1 . 0 ) )⤦
Ç , c . a ) ;

}

3 code/boat.h

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

#inc lude ” shader . h”
5 #inc lude ” vec to r . h”

s t r u c t boat { s t r u c t shader shader ;
s t r u c t { GLint tex , boatX , amplitude , f requency , l e v e l , phase , s i z e , ⤦

Ç s t roke , f i l l ; } uniform ;
s t r u c t { f l o a t tex , boatX , amplitude , f requency , l e v e l , phase , s i z e ; s t r u c t ⤦

Ç vec4 stroke , f i l l ; } value ;
10 GLuint tex ;

} ;

s t r u c t boat ∗ b o a t i n i t ( s t r u c t boat ∗boat ) ;
void boat use ( s t r u c t boat ∗boat ) ;

15

#end i f

4 code/boat.svg

<?xml ve r s i on =”1.0” encoding=”UTF−8”?>
<!DOCTYPE svg PUBLIC ”−//W3C//DTD SVG 1.1//EN” ”http ://www.w3 . org /Graphics /SVG⤦

Ç /1 .1/DTD/svg11 . dtd”>
<svg xmlns=”http ://www.w3 . org /2000/ svg” xmlns : x l i nk=”http ://www.w3 . org /1999/⤦

Ç x l i nk ”
width=”64” he ight=”64” viewbox=”0 0 64 64” ve r s i on =”1.1”

5 ><path trans form=”t r a n s l a t e (31 ,31) ”
d=”M −18 ,−5 L −2,−5 −2 ,−27 14 ,−15 −2,−7 −2,−5 20 ,−5 12 ,3 −12 ,3 −18 ,−5 Z”
stroke − l i n e j o i n=”round” stroke −width=”0.5” s t r oke=”black ” f i l l =”white ”

/></svg>
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5 code/boat.vert

void main ( void ) {
g l P o s i t i o n = f t rans fo rm ( ) ;
gl TexCoord [ 0 ] = gl MultiTexCoord0 ;

}

6 code/colour.c

#inc lude ” co l our . h”

const s t r u c t vec4 red = {{ 231/255 .0 , 13/255 .0 , 100/255 .0 , 255/255.0 }} ;
const s t r u c t vec4 orange = {{ 255/255 .0 , 200/255 .0 , 103/255 .0 , 255/255.0 }} ;

5 const s t r u c t vec4 green = {{ 153/255 .0 , 255/255 .0 , 53/255 .0 , 255/255.0 }} ;
const s t r u c t vec4 blue = {{ 3/255 .0 , 71/255 .0 , 148/255 .0 , 255/255.0 }} ;
const s t r u c t vec4 white = {{ 255/255 .0 , 255/255 .0 , 255/255 .0 , 255/255.0 }} ;
const s t r u c t vec4 black = {{ 0/255 .0 , 0/255 .0 , 0/255 .0 , 255/255.0 }} ;

7 code/colour.h

#i f n d e f COLOURH
#de f i n e COLOURH 1

#inc lude ” vec to r . h”
5

const s t r u c t vec4 red , orange , green , blue , white , b lack ;

#end i f

8 code/Colour.hs

module Colour ( Colour , red , orange , green , blue , white , black , blend ) where

−− with 3 e lements [ r , g , b ]
type Colour = [ Double ]

5

−− base co l our pa l e t t e
red , orange , green , blue , white , b lack : : Colour
red = map (/ 255) [ 231 , 13 , 100 ]
orange = map (/ 255) [ 255 , 200 , 103 ]

10 green = map (/ 255) [ 153 , 255 , 53 ]
b lue = map (/ 255) [ 3 , 71 , 148 ]
white = map (/ 255) [ 255 , 255 , 255 ]
b lack = map (/ 255) [ 0 , 0 , 0 ]

15 −− l i n e a r mixing o f c o l ou r s
blend : : Double −> Colour −> Colour −> Colour
blend k = zipWith (\ a b −> a ∗ (1 − k ) + k ∗ b)

9 code/dinghy.c

/∗
gcc \
−std=c99 −Wall −Wextra −pedant ic \
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−O3 −march=nat ive −fopenmp \
5 −o dinghy dinghy . c \

− l g l fw −lGL −lGLU −lGLEW −lm
∗/

#inc lude <math . h>
10 #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 <time . h>

15 #inc lude <GL/glew . h>
#inc lude <GLFW/gl fw3 . h>

#de f i n e RECORD
#undef RECORD

20

#de f i n e P 10
#de f i n e M 16
#de f i n e N 12
#de f i n e B 11

25 #de f i n e D 3

typede f GLfloat R;

const i n t width = 1280 , he ight = 720 ;
30 const R s t i f f n e s s = 50

, r epu l s i on = 1
, dens i ty = 5
, p r e s su r e = 1
, g rav i ty = 10

35 , bouyancy = 20
, r e s i s t a n c e = 0.996
, dt = 0.004
, p i = 3.141592653589793 ;

40 typede f s t r u c t {
R R[P ] ;
R r [P ] ;
R m[P ] [M] [N ] ;
R x [P ] [M] [N ] [D ] ;

45 R v [P ] [M] [N ] [D ] ;
R l [P ] [M] [N ] [ B ] [ B ] ;
R n [P ] [M] [N ] [D ] ;
R fog [P ] [M] [N ] ;

} S ;
50

typede f s t r u c t {
R m[P ] [M] ;
R x [P ] [M] [D ] ;
R f [P ] [M] [N ] [D ] ;

55 R g [P ] [M] [D ] ;
R x0 [P ] [D ] ;
R m0[P ] ;

} T;

60 typede f s t r u c t {
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GLuint vboX ;
GLuint vboN ;
GLuint vboF ;
GLuint vboC ;

65 GLuint vboI ;
GLuint vao ;
GLuint i [P ] [M] [N ] [ 2 ] [ 3 ] ;
R c [P ] [ 4 ] ;

} G;
70

R rnd ( void ) {
re turn rand ( ) / (R) RANDMAX;

}

75 void multmm(R ∗m, R ∗n , R ∗o ) {
R t [D ] [D ] ;
f o r ( i n t i = 0 ; i < D; ++i ) {

f o r ( i n t j = 0 ; j < D; ++j ) {
t [ i ] [ j ] = 0 ;

80 f o r ( i n t k = 0 ; k < D; ++k) {
t [ i ] [ j ] += m[ i ∗ D + k ] ∗ n [ k ∗ D + j ] ;

}
}

}
85 f o r ( i n t i = 0 ; i < D; ++i ) {

f o r ( i n t j = 0 ; j < D; ++j ) {
o [ i ∗ D + j ] = t [ i ] [ j ] ;

}
}

90 }

void multmv(R ∗m, R ∗v , R ∗o ) {
R t [D ] ;
f o r ( i n t i = 0 ; i < D; ++i ) {

95 t [ i ] = 0 ;
f o r ( i n t j = 0 ; j < D; ++j ) {

t [ i ] += m[ i ∗ D + j ] ∗ v [ j ] ;
}

}
100 f o r ( i n t i = 0 ; i < D; ++i ) {

o [ i ] = t [ i ] ;
}

}

105 void hsv2rgb ( f l o a t h , f l o a t s , f l o a t v , f l o a t ∗rp , f l o a t ∗gp , f l o a t ∗bp) {
f l o a t i , f , p , q , t , r , g , b ;
i n t i i ;
i f ( s == 0 . 0 ) { r = v ; g = v ; b = v ; } e l s e {

h = h − f l o o r (h) ;
110 h = h ∗ 6 . 0 ;

i = f l o o r (h) ; i i = ( i n t ) i ;
f = h − i ;
p = v ∗ ( 1 . 0 − s ) ;
q = v ∗ ( 1 . 0 − ( s ∗ f ) ) ;

115 t = v ∗ ( 1 . 0 − ( s ∗ ( 1 . 0 − f ) ) ) ;
switch ( i i ) {

case 0 : r = v ; g = t ; b = p ; break ;

8



incidents code/dinghy.c

case 1 : r = q ; g = v ; b = p ; break ;
case 2 : r = p ; g = v ; b = t ; break ;

120 case 3 : r = p ; g = q ; b = v ; break ;
case 4 : r = t ; g = p ; b = v ; break ;
case 5 : d e f au l t : r = v ; g = p ; b = q ; break ;

}
}

125 ∗ rp = r ;
∗gp = g ;
∗bp = b ;

}

130 void in i tG (S ∗ s , G ∗g ) {
g lGenBuf fers (1 , &g−>vboX) ;
g lGenBuf fers (1 , &g−>vboN) ;
g lGenBuf fers (1 , &g−>vboF) ;
g lGenBuf fers (1 , &g−>vboC) ;

135 g lGenBuf fers (1 , &g−>vboI ) ;
glGenVertexArrays (1 , &g−>vao ) ;
glBindVertexArray (g−>vao ) ;
g lB indBuf f e r (GL ARRAY BUFFER, g−>vboX) ;
g lBuf fe rData (GL ARRAY BUFFER, P ∗ M ∗ N ∗ D ∗ s i z e o f (R) , 0 , GL STREAMDRAW) ;

140 g lVer t exAtt r ibPo in te r (0 , 3 , GL FLOAT, GL FALSE, 0 , 0) ;
g lEnableVertexAttr ibArray (0 ) ;
g lB indBuf f e r (GL ARRAY BUFFER, g−>vboN) ;
g lBuf fe rData (GL ARRAY BUFFER, P ∗ M ∗ N ∗ D ∗ s i z e o f (R) , 0 , GL STREAMDRAW) ;
g lVer t exAtt r ibPo in te r (2 , 3 , GL FLOAT, GL FALSE, 0 , 0) ;

145 glEnableVertexAttr ibArray (2 ) ;
g lB indBuf f e r (GL ARRAY BUFFER, g−>vboF) ;
g lBuf fe rData (GL ARRAY BUFFER, P ∗ M ∗ N ∗ s i z e o f (R) , 0 , GL STREAMDRAW) ;
glFogCoordPointer (GL FLOAT, 0 , 0) ;
f o r ( i n t p = 0 ; p < P; ++p) {

150 hsv2rgb (0.38196601125010515 ∗ p , 1 , 1 , &g−>c [ p ] [ 0 ] , &g−>c [ p ] [ 1 ] , &g−>c [ p⤦
Ç ] [ 2 ] ) ;

g−>c [ p ] [ 3 ] = 1 ;
}
g lB indBuf f e r (GL ELEMENT ARRAY BUFFER, g−>vboI ) ;
f o r ( i n t p = 0 ; p < P; ++p) {

155 f o r ( i n t m = 0 ; m < M; ++m) {
i n t mm = (m + 1 + M) % M;
f o r ( i n t n = 0 ; n < N; ++n) {

i n t nn = (n + 1 + N) % N;
g−> i [ p ] [m] [ n ] [ 0 ] [ 0 ] = (&s−>x [ p ] [m ] [ n ] [ 0 ] − &s−>x [ 0 ] [ 0 ] [ 0 ] [ 0 ] ) / D;

160 g−> i [ p ] [m] [ n ] [ 0 ] [ 1 ] = (&s−>x [ p ] [mm] [ n ] [ 0 ] − &s−>x [ 0 ] [ 0 ] [ 0 ] [ 0 ] ) / D;
g−> i [ p ] [m] [ n ] [ 0 ] [ 2 ] = (&s−>x [ p ] [m ] [ nn ] [ 0 ] − &s−>x [ 0 ] [ 0 ] [ 0 ] [ 0 ] ) / D;
g−> i [ p ] [m] [ n ] [ 1 ] [ 0 ] = (&s−>x [ p ] [mm] [ nn ] [ 0 ] − &s−>x [ 0 ] [ 0 ] [ 0 ] [ 0 ] ) / D;
g−> i [ p ] [m] [ n ] [ 1 ] [ 1 ] = (&s−>x [ p ] [m ] [ nn ] [ 0 ] − &s−>x [ 0 ] [ 0 ] [ 0 ] [ 0 ] ) / D;
g−> i [ p ] [m] [ n ] [ 1 ] [ 2 ] = (&s−>x [ p ] [mm] [ n ] [ 0 ] − &s−>x [ 0 ] [ 0 ] [ 0 ] [ 0 ] ) / D;

165 }
}

}
g lBuf fe rData (GL ELEMENT ARRAY BUFFER, P ∗ M ∗ N ∗ 2 ∗ D ∗ s i z e o f (GLuint ) , &g−>⤦

Ç i [ 0 ] [ 0 ] [ 0 ] [ 0 ] [ 0 ] , GL STATIC DRAW) ;
}

170

void i n i t (S ∗ s ) {
memset ( s , 0 , s i z e o f (∗ s ) ) ;

9
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f o r ( i n t p = 0 ; p < P; ++p) {
s−>R[ p ] = 2 ∗ rnd ( ) + 2 ;

175 s−>r [ p ] = s−>R[ p ] / (2 ∗ rnd ( ) + 2) ;
R m1 = dens i ty ∗ 2 ∗ pi ∗ s−>R[ p ] ∗ s−>r [ p ] ∗ s−>r [ p ] / (M ∗ N) ;
R p1 [D] = { 4 ∗ ( rnd ( ) − 0 . 5 ) , 4 ∗ ( rnd ( ) − 0 . 5 ) , −64 ∗ rnd ( ) } ;
R u = rnd ( ) ∗ 2 ∗ pi ;
R v = rnd ( ) ∗ 2 ∗ pi ;

180 R w = rnd ( ) ∗ 2 ∗ pi ;
R mu[D] [D] = { { cos (u) , s i n (u) , 0 } , { − s i n (u) , cos (u) , 0 } , { 0 , 0 , 1 } } ;
R mv[D ] [D] = { { cos ( v ) , 0 , s i n (v ) } , { 0 , 1 , 0 } , { − s i n (v ) , 0 , cos ( v ) } } ;
R mw[D] [D] = { { 1 , 0 , 0 } , { 0 , cos (w) , s i n (w) } , { 0 , − s i n (w) , cos (w) } } ;
R o [D ] [D ] ;

185 multmm(&mu[ 0 ] [ 0 ] , &mv [ 0 ] [ 0 ] , &o [ 0 ] [ 0 ] ) ;
multmm(&mw[ 0 ] [ 0 ] , &o [ 0 ] [ 0 ] , &o [ 0 ] [ 0 ] ) ;
R a = 0 ;
R b = 0 ;
R c = 0 ;

190 R oo [D ] [D] = { { 0 , −c , b } , { c , 0 , −a } , { −b , a , 0 } } ;
f o r ( i n t m = 0 ; m < M; ++m) {

R a = m ∗ 2 ∗ pi / M;
f o r ( i n t n = 0 ; n < N; ++n) {

R b = n ∗ 2 ∗ pi / N;
195 s−>m[ p ] [m] [ n ] = m1;

s−>x [ p ] [m] [ n ] [ 0 ] = cos ( a ) ∗ ( s−>R[ p ] + s−>r [ p ] ∗ cos (b) ) ;
s−>x [ p ] [m] [ n ] [ 1 ] = s i n ( a ) ∗ ( s−>R[ p ] + s−>r [ p ] ∗ cos (b) ) ;
s−>x [ p ] [m] [ n ] [ 2 ] = s−>r [ p ] ∗ s i n (b) ;
multmv(&oo [ 0 ] [ 0 ] , &s−>x [ p ] [m] [ n ] [ 0 ] , &s−>v [ p ] [m] [ n ] [ 0 ] ) ;

200 multmv(&o [ 0 ] [ 0 ] , &s−>x [ p ] [m] [ n ] [ 0 ] , &s−>x [ p ] [m] [ n ] [ 0 ] ) ;
multmv(&o [ 0 ] [ 0 ] , &s−>v [ p ] [m] [ n ] [ 0 ] , &s−>v [ p ] [m] [ n ] [ 0 ] ) ;
f o r ( i n t d = 0 ; d < D; ++d) {

s−>x [ p ] [m] [ n ] [ d ] += p1 [ d ] ;
}

205 }
}
f o r ( i n t m = 0 ; m < M; ++m) {

f o r ( i n t n = 0 ; n < N; ++n) {
f o r ( i n t i = −B/2 ; i <= B/2 ; ++i ) {

210 f o r ( i n t j = −B/2 ; j <= B/2 ; ++j ) {
i n t mm = (m + i + M) % M;
in t nn = (n + j + N) % N;
i f ( i == 0 && j == 0) {

nn = (n + N / 2) % N;
215 }

R l = 0 ;
f o r ( i n t d = 0 ; d < D; ++d) {

R dl = s−>x [ p ] [m] [ n ] [ d ] − s−>x [ p ] [mm] [ nn ] [ d ] ;
l += dl ∗ dl ;

220 }
s−> l [ p ] [m] [ n ] [ i+B/ 2 ] [ j+B/2 ] = sq r t ( l ) ;

}
}

}
225 }

}
}

void step (S ∗ s , T ∗ t ) {

10
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230 /∗ zero temporary space ∗/
memset ( t , 0 , s i z e o f (∗ t ) ) ;
/∗ i n t ra −mesh spr ing f o r c e s ∗/
#pragma omp p a r a l l e l f o r
f o r ( i n t p = 0 ; p < P; ++p) {

235 f o r ( i n t m = 0 ; m < M; ++m) {
f o r ( i n t n = 0 ; n < N; ++n) {

f o r ( i n t i = −B/2 ; i <= B/2 ; ++i ) {
f o r ( i n t j = −B/2 ; j <= B/2 ; ++j ) {

i n t mm = (m + i + M) % M;
240 i n t nn = (n + j + N) % N;

i f ( i == 0 && j == 0) {
nn = (n + N / 2) % N;

}
R dx [D ] ;

245 R ldx = 0 ;
f o r ( i n t d = 0 ; d < D; ++d) {

dx [ d ] = s−>x [ p ] [mm] [ nn ] [ d ] − s−>x [ p ] [m] [ n ] [ d ] ;
ldx += dx [ d ] ∗ dx [ d ] ;

}
250 i f ( ! ( ldx > 0) ) { cont inue ; }

ldx = sq r t ( ldx ) ;
R k = s t i f f n e s s ∗ ( s−> l [ p ] [m] [ n ] [ i+B/ 2 ] [ j+B/2 ] − ldx ) / ldx ;
f o r ( i n t d = 0 ; d < D; ++d) {

t−> f [ p ] [m] [ n ] [ d ] −= dx [ d ] ∗ k ;
255 }

}
}

}
}

260 }
/∗ mesh cente r c i r c l e ∗/
#pragma omp p a r a l l e l f o r
f o r ( i n t p = 0 ; p < P; ++p) {

f o r ( i n t m = 0 ; m < M; ++m) {
265 f o r ( i n t n = 0 ; n < N; ++n) {

f o r ( i n t d = 0 ; d < D; ++d) {
t−>x [ p ] [m] [ d ] += s−>x [ p ] [m] [ n ] [ d ] ∗ s−>m[ p ] [m] [ n ] ;
t−>x0 [ p ] [ d ] += s−>x [ p ] [m] [ n ] [ d ] ∗ s−>m[ p ] [m] [ n ] ;

}
270 t−>m[ p ] [m] += s−>m[ p ] [m] [ n ] ;

t−>m0[ p ] += s−>m[ p ] [m] [ n ] ;
}
f o r ( i n t d = 0 ; d < D; ++d) {

t−>x [ p ] [m] [ d ] /= t−>m[ p ] [m] ;
275 t−>x0 [ p ] [ d ] /= t−>m0[ p ] ;

}
}

}
/∗ i n f l a t e ∗/

280 #pragma omp p a r a l l e l f o r
f o r ( i n t p = 0 ; p < P; ++p) {

f o r ( i n t m = 0 ; m < M; ++m) {
f o r ( i n t n = 0 ; n < N; ++n) {

R dx [D ] ;
285 R ldx = 0 ;

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

11
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dx [ d ] = s−>x [ p ] [m] [ n ] [ d ] − t−>x [ p ] [m] [ d ] ;
ldx += dx [ d ] ∗ dx [ d ] ;

}
290 ldx = sq r t ( ldx ) ;

f o r ( i n t d = 0 ; d < D; ++d) {
t−> f [ p ] [m] [ n ] [ d ] += pre s su r e ∗ dx [ d ] / ldx ;

}
}

295 }
}
/∗ i n t e r mesh f o r c e s ∗/
#pragma omp p a r a l l e l f o r
f o r ( i n t p = 0 ; p < P; ++p) {

300 f o r ( i n t q = p + 1 ; q < P; ++q) {
R l = 0 ;
f o r ( i n t d = 0 ; d < D; ++d) {

l += ( t−>x0 [ p ] [ d ] − t−>x0 [ q ] [ d ] ) ∗ ( t−>x0 [ p ] [ d ] − t−>x0 [ q ] [ d ] ) ;
}

305 l = sq r t ( l ) ;
i f ( l < s−>R[ p ] + s−>r [ p ] + s−>R[ q ] + s−>r [ q ] + 0 . 01 ) {

f o r ( i n t mp = 0 ; mp < M; ++mp) {
f o r ( i n t mq = 0 ; mq < M; ++mq) {

R dx [D ] ;
310 R ldx = 0 ;

f o r ( i n t d = 0 ; d < D; ++d) {
dx [ d ] = t−>x [ p ] [mp ] [ d ] − t−>x [ q ] [mq ] [ d ] ;
ldx += dx [ d ] ∗ dx [ d ] ;

}
315 i f ( ! ( ldx > 0) ) { cont inue ; }

ldx = sq r t ( ldx ) ;
R k = pow( fmax (0 . 0 1 , ldx − ( s−>r [ p ] + s−>r [ q ] ) ) , − r epu l s i on ) / ldx ;
f o r ( i n t d = 0 ; d < D; ++d) {

R f = dx [ d ] ∗ k ;
320 t−>g [ p ] [mp ] [ d ] += f ;

t−>g [ q ] [mq ] [ d ] −= f ;
}

}
}

325 }
}

}
/∗ normals ∗/
#pragma omp p a r a l l e l f o r

330 f o r ( i n t p = 0 ; p < P; ++p) {
f o r ( i n t m = 0 ; m < M; ++m) {

f o r ( i n t n = 0 ; n < N; ++n) {
R l = 0 ;
f o r ( i n t d = 0 ; d < D; ++d) {

335 s−>n [ p ] [m] [ n ] [ d ] = s−>x [ p ] [m] [ n ] [ d ] − t−>x [ p ] [m] [ d ] ;
l += s−>n [ p ] [m] [ n ] [ d ] ∗ s−>n [ p ] [m] [ n ] [ d ] ;

}
l = sq r t ( l ) ;
f o r ( i n t d = 0 ; d < D; ++d) {

340 s−>n [ p ] [m] [ n ] [ d ] /= l ;
}

}
}

12
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}
345 /∗ accumulate ∗/

#pragma omp p a r a l l e l f o r
f o r ( i n t p = 0 ; p < P; ++p) {

f o r ( i n t m = 0 ; m < M; ++m) {
f o r ( i n t n = 0 ; n < N; ++n) {

350 f o r ( i n t d = 0 ; d < D; ++d) {
R f = t−> f [ p ] [m] [ n ] [ d ] + t−>g [ p ] [m] [ d ] ;
f −= 0.2 ∗ s−>x [ p ] [m] [ n ] [ d ] ;
R a = f / s−>m[ p ] [m] [ n ] ;
i f (d == D − 1) {

355 a −= grav i ty + bouyancy ∗ fmin (0 , s−>x [ p ] [m] [ n ] [ d ] ) ;
}
s−>v [ p ] [m] [ n ] [ d ] += a ∗ dt ;
s−>v [ p ] [m] [ n ] [ d ] ∗= r e s i s t a n c e ;
s−>x [ p ] [m] [ n ] [ d ] += s−>v [ p ] [m] [ n ] [ d ] ∗ dt ;

360 }
s−>f og [ p ] [m] [ n ] = fmax(− s−>x [ p ] [m] [ n ] [D−1 ] , 0) ;

}
}

}
365 }

void d i sp l ay (GLFWwindow ∗window , S ∗ s , G ∗g ) {
R x [D] = { 0 , 0 , 0 } ;
f o r ( i n t p = 0 ; p < P; ++p) {

370 f o r ( i n t m = 0 ; m < M; ++m) {
f o r ( i n t n = 0 ; n < N; ++n) {

f o r ( i n t d = 0 ; d < D; ++d) {
x [ d ] += s−>x [ p ] [m] [ n ] [ d ] ;

}
375 }

}
}
f o r ( i n t d = 0 ; d < D; ++d) {

x [ d ] /= P ∗ M ∗ N;
380 }

g lC l ea r (GL COLOR BUFFER BIT | GL DEPTH BUFFER BIT) ;
g lB indBuf f e r (GL ARRAY BUFFER, g−>vboX) ;
glBufferSubData (GL ARRAY BUFFER, 0 , P ∗ M ∗ N ∗ D ∗ s i z e o f (R) , &s−>x⤦

Ç [ 0 ] [ 0 ] [ 0 ] [ 0 ] ) ;
g lB indBuf f e r (GL ARRAY BUFFER, g−>vboN) ;

385 glBufferSubData (GL ARRAY BUFFER, 0 , P ∗ M ∗ N ∗ D ∗ s i z e o f (R) , &s−>n⤦
Ç [ 0 ] [ 0 ] [ 0 ] [ 0 ] ) ;

g lB indBuf f e r (GL ARRAY BUFFER, g−>vboF) ;
glBufferSubData (GL ARRAY BUFFER, 0 , P ∗ M ∗ N ∗ 1 ∗ s i z e o f (R) , &s−>f og⤦

Ç [ 0 ] [ 0 ] [ 0 ] ) ;
g lB indBuf f e r (GL ELEMENT ARRAY BUFFER, g−>vboI ) ;

390 // draw r egu l a r
g lEnable (GL FOG) ;
g lEnab l eC l i en tSta t e (GL FOGCOORDARRAY) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;

395 GLfloat l i g h t p o s i t i o n [ ] = { 30 . 0 , 10 . 0 , 20 . 0 , 1 . 0 } ;
g l L i gh t f v (GL LIGHT0 , GL POSITION, l i g h t p o s i t i o n ) ;
GLfloat s p o t d i r e c t i o n [ ] = { −3.0 , −1.0 , −2.0 } ;

13
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g lL i gh t f v (GL LIGHT0 , GL SPOT DIRECTION, s p o t d i r e c t i o n ) ;
gluLookAt (30 , 100 , 20 , x [ 0 ] , x [ 1 ] , x [ 2 ] , 0 , 0 , 1) ;

400 g lC l ea r (GL DEPTH BUFFER BIT) ;
f o r ( i n t p = 0 ; p < P; ++p) {

g lMa t e r i a l f v (GL FRONT, GL SPECULAR, &g−>c [ p ] [ 0 ] ) ;
g lMa t e r i a l f v (GL FRONT, GL AMBIENT, &g−>c [ p ] [ 0 ] ) ;
glDrawElements (GL TRIANGLES, M ∗ N ∗ 2 ∗ 3 , GL UNSIGNED INT, ( ( char ∗) 0) + p⤦

Ç ∗ M ∗ N ∗ 2 ∗ 3 ∗ s i z e o f (GLuint ) ) ;
405 }

g lD i s ab l eC l i e n tS t a t e (GL FOGCOORDARRAY) ;
g lD i s ab l e (GL FOG) ;

// draw r e f l e c t i o n
410 glMatrixMode (GLMODELVIEW) ;

g lLoadIdent i ty ( ) ;
GLfloat l i g h t p o s i t i o n 2 [ ] = { 30 . 0 , 10 . 0 , 20 . 0 , 1 . 0 } ;
g l L i gh t f v (GL LIGHT0 , GL POSITION, l i g h t p o s i t i o n 2 ) ;
GLfloat s p o t d i r e c t i o n 2 [ ] = { −3.0 , −1.0 , −2.0 } ;

415 g lL i gh t f v (GL LIGHT0 , GL SPOT DIRECTION, s p o t d i r e c t i o n 2 ) ;
gluLookAt (30 , 100 , 20 , x [ 0 ] , x [ 1 ] , x [ 2 ] , 0 , 0 , 1) ;
g l S c a l e f (1 , 1 , −1) ;
GLdouble c l i p [ 4 ] = { 0 , 0 , 1 , 0 } ;
g lC l ipP lane (GL CLIP PLANE0 , c l i p ) ;

420 glEnable (GL CLIP PLANE0) ;
f o r ( i n t p = 0 ; p < P; ++p) {

g lMa t e r i a l f v (GL FRONT, GL SPECULAR, &g−>c [ p ] [ 0 ] ) ;
g lMa t e r i a l f v (GL FRONT, GL AMBIENT, &g−>c [ p ] [ 0 ] ) ;
glDrawElements (GL TRIANGLES, M ∗ N ∗ 2 ∗ 3 , GL UNSIGNED INT, ( ( char ∗) 0) + p⤦

Ç ∗ M ∗ N ∗ 2 ∗ 3 ∗ s i z e o f (GLuint ) ) ;
425 }

g lD i s ab l e (GL CLIP PLANE0) ;

// draw su r f a c e
g lD i s ab l e (GL LIGHTING) ;

430 glEnable (GL BLEND) ;
glBlendFunc (GL SRC ALPHA, GL ONE MINUS SRC ALPHA) ;
g lEnable (GL TEXTURE 2D) ;
g lBeg in (GL QUADS) ;
g lCo l o r 4 f ( 0 . 1 , 0 . 1 , 0 . 2 , 0 . 7 5 ) ;

435 glNormal3f ( 0 , 0 , 1 ) ;
glTexCoord2f (−250 ,−250) ;
g lVer t ex3 f ( −500 , −500 ,0) ;
glTexCoord2f ( −250 , 250) ;
g lVer t ex3 f ( −500 , 500 ,0) ;

440 glTexCoord2f ( 250 , 250) ;
g lVer t ex3 f ( 500 , 500 ,0) ;
glTexCoord2f ( 250 , −250) ;
g lVer t ex3 f ( 500 , −500 ,0) ;
glEnd ( ) ;

445 g lD i s ab l e (GL TEXTURE 2D) ;
g lD i s ab l e (GL BLEND) ;
g lEnable (GL LIGHTING) ;
gl fwSwapBuffers (window) ;

}
450

#i f d e f RECORD
void capture ( unsigned char ∗b) {

14
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g lReadPixe l s (0 , 0 , width , height , GL RGB, GL UNSIGNED BYTE, b) ;
p r i n t f (”P6\n%d %d\n255\n” , width , he ight ) ;

455 f f l u s h ( stdout ) ;
fw r i t e (b , width ∗ he ight ∗ 3 , 1 , s tdout ) ;
f f l u s h ( stdout ) ;

}
#end i f

460

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

465 T t ;
G g ;

#i f d e f RECORD
unsigned char b [ width ∗ he ight ∗ 3 ] ;

#end i f
470 srand ( time (0 ) ) ;

g l fw I n i t ( ) ;
glfwWindowHint (GLFW SAMPLES, 64) ;
GLFWwindow ∗window = glfwCreateWindow (width , height , ”dinghy ” , 0 , 0) ;
glfwMakeContextCurrent (window) ;

475 glewExperimental = GL TRUE;
g l ew In i t ( ) ;
g lGetError ( ) ; // d i s ca rd e r r o r from GLEW
glMatrixMode (GL PROJECTION) ;
g luPe r spe c t i v e (20 , width ∗ 1 .0 / height , 10 , 200) ;

480 glEnable (GL DEPTH TEST) ;
glShadeModel (GL SMOOTH) ;
g lEnable (GL LIGHTING) ;
GLfloat mat sh in ine s s [ ] = { 10 .0 } ;
g lMa t e r i a l f v (GL FRONT, GL SHININESS , mat sh in ine s s ) ;

485 g l L i g h t f (GL LIGHT0 , GL SPOT CUTOFF, 60 . 0 ) ;
g lEnable (GL LIGHT0) ;
g lC l ea rCo lo r ( 0 . 1 , 0 . 1 , 0 . 2 , 1 . 0 ) ;
g lFog i (GL FOG COORD SRC, GL FOGCOORD) ;
g lFog f (GL FOG DENSITY, 0 . 05 ) ;

490 GLfloat fog [ 4 ] = { 0 . 1 , 0 . 1 , 0 . 2 , 1 . 0 } ;
g lFogfv (GL FOG COLOR, fog ) ;
GLuint tex ;
glGenTextures (1 , &tex ) ;
glBindTexture (GL TEXTURE 2D, tex ) ;

495 GLfloat img [ 2 ] [ 2 ] [ 3 ] = { { { 1 , 1 , 1 } , { 0 , 0 ,0 } } , { { 0 , 0 , 0 } , { 1 , 1 , ⤦
Ç 1 } } } ;

glTexImage2D (GL TEXTURE 2D, 0 , GL RGB, 2 , 2 , 0 , GL RGB, GL FLOAT, img ) ;
glGenerateMipmap (GL TEXTURE 2D) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR MIPMAP LINEAR)⤦

Ç ;
500 in i tG(&s , &g ) ;

i n t frame = 0 ;
whi l e ( ! glfwWindowShouldClose (window) ) {

i f ( frame % (8 ∗ 25) == 0) { i n i t (&s ) ; }
i f ( frame++ == (2 ∗ 60 + 38) ∗ 25) { e x i t (0 ) ; }

505 f o r ( i n t i = 0 ; i < 20 ; ++i ) {
s tep (&s , &t ) ;

}

15
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d i sp l ay (window , &s , &g ) ;
#i f d e f RECORD

510 capture (&b [ 0 ] ) ;
#end i f

g l fwPo l lEvents ( ) ;
}
re turn 0 ;

515 }

10 code/Font.hs

module Font ( glyph , s t r i n g ) where

import Control .Monad ( forM )
import Graphics . Rendering . Cairo

5

−− r ender s a charac t e r f i l l i n g a 2x2 box
glyph : : Char −> Render ( )
glyph ’ a ’ = moveTo 0 2 >> l ineTo 0 1 >> arc 1 1 1 p i 0 >> l ineTo 2 2 >> moveTo 0⤦

Ç 1 >> l ineTo 2 1
glyph ’b ’ = moveTo 0 1 >> l ineTo 1 .5 1 >> arcNegat ive 1 .5 0 .5 0 . 5 ( p i /2) (− pi /2)⤦

Ç >> l ineTo 0 0 >> l ineTo 0 2 >> l ineTo 1 .5 2 >> arcNegat ive 1 .5 1 .5 0 . 5 (⤦
Ç pi /2) (− pi /2)

10 glyph ’ c ’ = moveTo 2 0 >> l ineTo 1 0 >> arcNegat ive 1 1 1 (− pi /2) ( p i /2) >> ⤦
Ç l ineTo 2 2

glyph ’d ’ = moveTo 1 0 >> l ineTo 0 0 >> l ineTo 0 2 >> l ineTo 1 2 >> arcNegat ive ⤦
Ç 1 1 1 ( p i /2) (− pi /2)

glyph ’ e ’ = moveTo 2 0 >> l ineTo 0 0 >> l ineTo 0 2 >> l ineTo 2 2 >> moveTo 0 1 ⤦
Ç >> l ineTo 1 1

glyph ’ f ’ = moveTo 2 0 >> l ineTo 0 0 >> l ineTo 0 2 >> moveTo 0 1 >> l ineTo 1 1
glyph ’ g ’ = moveTo 2 0 >> l ineTo 1 0 >> arcNegat ive 1 1 1 (− pi /2) 0 >> l ineTo 1 ⤦

Ç 1
15 glyph ’h ’ = moveTo 0 0 >> l ineTo 0 2 >> moveTo 0 1 >> l ineTo 2 1 >> moveTo 2 0 ⤦

Ç >> l ineTo 2 2
glyph ’ i ’ = moveTo 0 0 >> l ineTo 2 0 >> moveTo 1 0 >> l ineTo 1 2 >> moveTo 0 2 ⤦

Ç >> l ineTo 2 2
glyph ’ j ’ = moveTo 0 0 >> l ineTo 2 0 >> moveTo 0 2 >> arcNegat ive 0 1 1 ( p i /2) 0⤦

Ç >> l ineTo 1 0
glyph ’k ’ = moveTo 0 0 >> l ineTo 0 2 >> moveTo 0 1 >> l ineTo 1 1 >> l ineTo 2 0 ⤦

Ç >> moveTo 1 1 >> l ineTo 2 2
glyph ’ l ’ = moveTo 0 0 >> l ineTo 0 2 >> l ineTo 2 2

20 glyph ’m’ = moveTo 0 2 >> l ineTo 0 0 >> l ineTo 1 1 >> l ineTo 2 0 >> l ineTo 2 2
glyph ’n ’ = moveTo 0 2 >> l ineTo 0 0 >> l ineTo 2 2 >> l ineTo 2 0
glyph ’ o ’ = moveTo 1 0 >> arc 1 1 1 (− pi /2) ( p i /2) >> arc 1 1 1 ( p i /2) (− pi /2)
glyph ’p ’ = moveTo 0 1 >> l ineTo 1 .5 1 >> arcNegat ive 1 .5 0 .5 0 . 5 ( p i /2) (− pi /2)⤦

Ç >> l ineTo 0 0 >> l ineTo 0 2
glyph ’q ’ = moveTo 1 0 >> arc 1 1 1 (− pi /2) ( p i /2) >> arc 1 1 1 ( p i /2) (− pi /2) ⤦

Ç >> moveTo 1 1 >> l ineTo 2 2
25 glyph ’ r ’ = moveTo 0 1 >> l ineTo 1 .5 1 >> arcNegat ive 1 .5 0 .5 0 . 5 ( p i /2) (− pi /2)⤦

Ç >> l ineTo 0 0 >> l ineTo 0 2 >> moveTo 1 1 >> l ineTo 2 2
glyph ’ s ’ = moveTo 2 0 >> l ineTo 0 .5 0 >> arcNegat ive 0 .5 0 .5 0 . 5 (− pi /2) ( p i /2)⤦

Ç >> l ineTo 1 .5 1 >> arc 1 .5 1 . 5 0 .5 (− pi /2) ( p i /2) >> l ineTo 0 2
glyph ’ t ’ = moveTo 0 0 >> l ineTo 2 0 >> moveTo 1 0 >> l ineTo 1 2
glyph ’u ’ = moveTo 0 0 >> l ineTo 0 1 >> arcNegat ive 1 1 1 p i 0 >> l ineTo 2 0
glyph ’v ’ = moveTo 0 0 >> l ineTo 0 1 >> l ineTo 1 2 >> l ineTo 2 1 >> l ineTo 2 0

30 glyph ’w’ = moveTo 0 0 >> l ineTo 0 2 >> l ineTo 1 1 >> l ineTo 2 2 >> l ineTo 2 0
glyph ’x ’ = moveTo 0 0 >> l ineTo 2 2 >> moveTo 2 0 >> l ineTo 0 2

16
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glyph ’y ’ = moveTo 0 0 >> l ineTo 1 1 >> l ineTo 2 0 >> moveTo 1 1 >> l ineTo 1 2
glyph ’ z ’ = moveTo 0 0 >> l ineTo 2 0 >> l ineTo 0 2 >> l ineTo 2 2
glyph = return ( )

35

−− r ender s a s t r i n g cente red v e r t i c a l l y f i l l i n g h o r i z o n t a l l y a 1x1 box
s t r i n g : : S t r ing −> Render ( )
s t r i n g s t r = do

save
40 l e t n = f romInteg ra l . l ength $ s t r

s = 0 .5 / n
s c a l e s s
t r a n s l a t e 1 n
forM s t r $ \c −> save >> s c a l e ( s q r t 0 . 5 ) ( s q r t 0 . 5 ) >> t r a n s l a t e (−1) (−1) ⤦

Ç >> glyph c >> r e s t o r e >> t r a n s l a t e 2 0
45 setSourceRGB 0 0 0

setLineWidth 0 .5
s t r okePre s e rve
setSourceRGB 1 1 1
setLineWidth 0 .25

50 s t r oke
r e s t o r e

11 code/.gitignore

i n c i d e n t s a t s e a
∗ . o
∗ . f r a g . c
∗ . v e r t . c

5 dinghy

12 code/main.c

// f o r popen , p c l o s e
#de f i n e POSIX C SOURCE 2

#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 <GL/glew . h>
10 #inc lude <GL/ g lu t . h>

#inc lude <j ack / jack . h>

#inc lude ”boat . h”
15 #inc lude ” co l our . h”

#inc lude ” vec to r . h”
#inc lude ”wave . h”

const double p i = 3.141592653589793 ;
20

const double waveSpeed = 556.0618996853933 ; // 2 ∗ pi ∗ 4425 / 50 / 3 ;
const double waveZoom = 1.272019649514069 ;//1 .189207115002721 ; // ⤦

Ç 1 .4142135623730951 ; // sq r t (2 ) ; s q r t $ ( s q r t 5 + 1) / 2
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25 s t r u c t vec4 darkRed , darkBlue ;

s t r u c t {
s t r u c t boat boat ;
s t r u c t wave wave ;

30 i n t width , height , winwidth , winheight , frame , frames , record , ready , bu f s i z e ;
char ∗ bu f f e r ;
double time ;
j a c k c l i e n t t ∗ j ack ;
FILE ∗ eca ;

35 } data ;

void keyboard ( unsigned char c , i n t x , i n t y ) {
i f ( ! data . r ecord ) {

e x i t (0 ) ;
40 }

}

void t imer ( i n t t ) {
glutTimerFunc ( data . r ecord ? 1 : 10 , timer , t + 1) ;

45 g lutPostRed i sp lay ( ) ;
}

void reshape ( i n t w, i n t h) {
data . winwidth = w;

50 data . winheight = h ;
data . ready = 1 ;

}

void update ( void ) {
55 j a c k p o s i t i o n t pos ;

/∗ j a c k t r a n s p o r t s t a t e t s = ∗/ j a ck t r an spo r t que ry ( data . jack , &pos ) ;
double phase = pos . frame ∗ 25 .0 / pos . f r ame rate / data . frames ;
data . time = phase − f l o o r ( phase ) ;

}
60

void d i sp l ay ( void ) {
i f ( data . ready ) {

update ( ) ;
}

65 {
// view
f l o a t x = data . width ∗ 0 .5 / data . he ight ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;

70 gluOrtho2D(−x , x , −0.5 , 0 . 5 ) ;
g lViewport (0 , 0 , data . width , data . he ight ) ;
// background
s t r u c t vec4 sky ;
i f ( data . time < 0 . 5 ) {

75 mix(&orange , &darkRed , data . time ∗ 2 , &sky ) ;
} e l s e {

mix(&darkRed , &darkBlue , data . time ∗ 2 − 1 , &sky ) ;
}
g lC l ea rCo lo r ( sky . v [ 0 ] , sky . v [ 1 ] , sky . v [ 2 ] , sky . v [ 3 ] ) ;

80 g lC l ea r (GL COLOR BUFFER BIT) ;

18
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// pe r sp e c t i v e
i n t boatBias = −8;
i n t viewBias = 4 ;
double f requency = data . he ight ∗ pi / data . width ∗ pow(waveZoom , boatBias ) ;

85 double amplitude = (1 − cos (2 ∗ pi ∗ data . time ) ) / 2 ;
double z = 1;//pow(8 , amplitude ) ;
double boatFrequency = frequency ∗ pow(waveZoom , −boatBias ) ;
double viewFrequency = frequency ∗ pow(waveZoom , −viewBias ) ;
double boatAmplitude = amplitude / boatFrequency ;

90 double viewAmplitude = amplitude / viewFrequency ;
double boatX = data . width ∗ −0.5 ∗ cos ( p i ∗ data . time ) / data . he ight ;
double viewX = 0 ;
double boatPhase = data . time ∗ waveSpeed ;
double viewPhase = data . time ∗ waveSpeed ;

95 double boatY = boatAmplitude ∗ ( s i n ( boatX ∗ boatFrequency + boatPhase ) − ⤦
Ç 0 . 5 ) ;

double viewY = boatY + viewAmplitude ;
double viewT = −atan2 ( viewFrequency ∗ viewAmplitude ∗ cos ( viewX ∗ ⤦

Ç viewFrequency + viewPhase ) , 16) ;
double k = − ( viewY + boatY ) / ( boatY − pow(waveZoom , viewBias − boatBias ) ∗⤦

Ç boatY ) ;
double tc = cos ( viewT ) ;

100 double t s = s i n ( viewT ) ;
double dx = boatX ;
double dy = boatY ;
double y0 = −0.5 − dy ;
double y1 = 0 .5 − dy ;

105 double tx00 = z ∗ ( tc ∗ (−x − dx ) + t s ∗ y0 ) + dx ;
double ty00 = z ∗ (− t s ∗ (−x − dx ) + tc ∗ y0 ) + dy + 1 . 0 / 6 ;
double tx10 = z ∗ ( tc ∗ (−x − dx ) + t s ∗ y1 ) + dx ;
double ty10 = z ∗ (− t s ∗ (−x − dx ) + tc ∗ y1 ) + dy + 1 . 0 / 6 ;
double tx01 = z ∗ ( tc ∗ ( x − dx ) + t s ∗ y0 ) + dx ;

110 double ty01 = z ∗ (− t s ∗ ( x − dx ) + tc ∗ y0 ) + dy + 1 . 0 / 6 ;
double tx11 = z ∗ ( tc ∗ ( x − dx ) + t s ∗ y1 ) + dx ;
double ty11 = z ∗ (− t s ∗ ( x − dx ) + tc ∗ y1 ) + dy + 1 . 0 / 6 ;
// d i s t an t waves
f o r ( i n t b i a s = −19; b i a s < boatBias ; b i a s += 2) {

115 data . wave . va lue . f requency = frequency ∗ pow(waveZoom , −b ia s ) / z ;
data . wave . va lue . amplitude = amplitude / data . wave . va lue . f requency ;
data . wave . va lue . l e v e l = (−pow(waveZoom , b i a s − boatBias ) ∗ boatY + boatY ) ⤦

Ç ∗ k − boatY ;
data . wave . va lue . phase = data . time ∗ waveSpeed ;
data . wave . va lue . width = z ∗ fmax (1 , pow(waveZoom , b ia s ) ) / data . he ight ;

120 data . wave . va lue . blend = data . he ight / 2 .0 / z ;
mix(&sky , &blue , 1 − ( boatBias − b ia s ) / 12 . 0 , &data . wave . va lue . f i l l ) ;
data . wave . va lue . f i l l . v [ 3 ] = 0 . 2 5 ;
mix(&sky , &white , 0 . 5 − ( boatBias − b ia s ) / 24 . 0 , &data . wave . va lue . s t r oke )⤦

Ç ;
wave use(&data . wave ) ;

125 g lBeg in (GL QUADS) ; {
glTexCoord2f ( tx00 , ty00 ) ; g lVer t ex2 f (−x , −0.5) ;
glTexCoord2f ( tx01 , ty01 ) ; g lVer t ex2 f ( x , −0.5) ;
glTexCoord2f ( tx11 , ty11 ) ; g lVer t ex2 f ( x , 0 . 5 ) ;
glTexCoord2f ( tx10 , ty10 ) ; g lVer t ex2 f (−x , 0 . 5 ) ;

130 } glEnd ( ) ;
glUseProgram (0) ;

}
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// boat
data . boat . va lue . boatX = boatX ;

135 data . boat . va lue . f requency = boatFrequency ;
data . boat . va lue . amplitude = boatAmplitude ;
data . boat . va lue . l e v e l = −boatY ;
data . boat . va lue . phase = boatPhase ;
data . boat . va lue . s i z e = (0 .33333 / (1 − f abs ( boatX / x ) ) − 0 .0625) / z ;

140 mix(&sky , &red , 1 , &data . boat . va lue . f i l l ) ;
mix(&sky , &white , 0 . 5 , &data . boat . va lue . s t r oke ) ;
boat use (&data . boat ) ;
g lBeg in (GL QUADS) ; {

glTexCoord2f ( tx00 , ty00 ) ; g lVer t ex2 f (−x , −0.5) ;
145 glTexCoord2f ( tx01 , ty01 ) ; g lVer t ex2 f ( x , −0.5) ;

glTexCoord2f ( tx11 , ty11 ) ; g lVer t ex2 f ( x , 0 . 5 ) ;
glTexCoord2f ( tx10 , ty10 ) ; g lVer t ex2 f (−x , 0 . 5 ) ;

} glEnd ( ) ;
boat use (0 ) ;

150 // near waves
f o r ( i n t b i a s = boatBias + 1 ; b i a s < 4 ; b i a s += 2) {

data . wave . va lue . f requency = frequency ∗ pow(waveZoom , −b ia s ) / z ;
data . wave . va lue . amplitude = amplitude / data . wave . va lue . f requency ;
data . wave . va lue . l e v e l = (−pow(waveZoom , b i a s − boatBias ) ∗ boatY + boatY ) ⤦

Ç ∗ k − boatY ;
155 data . wave . va lue . phase = data . time ∗ waveSpeed ;

data . wave . va lue . width = z ∗ fmax (1 , pow(waveZoom , b ia s ) ) / data . he ight ;
data . wave . va lue . blend = data . he ight / 2 .0 / z ;
s t r u c t vec4 tmp ;
f l o a t b = ( b ia s − boatBias ) / 1 2 . 0 ;

160 mix(&blue , &green , b , &tmp) ;
mix(&tmp , &black , b , &data . wave . va lue . f i l l ) ;
data . wave . va lue . f i l l . v [ 3 ] = 0 . 2 5 ;
mix(&sky , &white , 0 . 5 − ( boatBias − b ia s ) / 24 . 0 , &data . wave . va lue . s t r oke )⤦

Ç ;
wave use(&data . wave ) ;

165 g lBeg in (GL QUADS) ; {
glTexCoord2f ( tx00 , ty00 ) ; g lVer t ex2 f (−x , −0.5) ;
glTexCoord2f ( tx01 , ty01 ) ; g lVer t ex2 f ( x , −0.5) ;
glTexCoord2f ( tx11 , ty11 ) ; g lVer t ex2 f ( x , 0 . 5 ) ;
glTexCoord2f ( tx10 , ty10 ) ; g lVer t ex2 f (−x , 0 . 5 ) ;

170 } glEnd ( ) ;
glUseProgram (0) ;

}
}
glutSwapBuf fers ( ) ;

175 { // r e co rd ing
i f ( data . ready && data . record ) {

i f ( data . frame == data . frames ) {
e x i t (0 ) ;

}
180 f p r i n t f ( stdout , ”P6\n%d %d 255\n” , data . width , data . he ight ) ;

g l P i x e l S t o r e i (GL PACK ALIGNMENT, 1) ;
g lReadPixe l s (0 , 0 , data . width , data . he ight , GL RGB, GL UNSIGNED BYTE, data⤦

Ç . b u f f e r ) ;
fw r i t e ( data . bu f f e r , data . bu f s i z e , 1 , s tdout ) ;

}
185 }

g lutReportError s ( ) ;

20



incidents code/main.c.orig

}

void cleanup ( void ) {
190 i f ( data . bu f f e r ) { f r e e ( data . bu f f e r ) ; }

i f ( data . eca ) { pc l o s e ( data . eca ) ; }
}

i n t main ( i n t argc , char ∗∗ argv ) {
195 data . width = 1050 ;

data . he ight = 576 ;
data . frames = 4425 ;
data . r ecord = 0 ;
mix(&red , &black , 1 . 0 / 3 . 0 , &darkRed ) ;

200 mix(&blue , &black , 2 . 0 / 3 . 0 , &darkBlue ) ;
g lutInitWindowSize ( data . width , data . he ight ) ;
g lut In i tDisp layMode (GLUTRGBA | GLUTDOUBLE) ;
g l u t I n i t (&argc , argv ) ;
glutCreateWindow (” In c i d en t s At Sea ”) ;

205 g l ew In i t ( ) ;
g lEnable (GL BLEND) ;
glBlendFunc (GL SRC ALPHA, GL ONE MINUS SRC ALPHA) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;

210 glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
b o a t i n i t (&data . boat ) ;
wave in i t (&data . wave ) ;
i f ( data . r ecord ) {

215 data . bu f s i z e = data . width ∗ data . he ight ∗ 3 ;
data . bu f f e r = mal loc ( data . bu f s i z e ) ;
memset ( data . bu f f e r , 128 , data . bu f s i z e ) ;

} e l s e {
data . bu f f e r = 0 ;

220 }
data . frame = 0 ;
data . ready = 0 ;
g lC l ea rCo lo r ( 0 . 5 , 1 . 0 , 0 . 5 , 1) ;
glutReshapeFunc ( reshape ) ;

225 glutDisplayFunc ( d i sp l ay ) ;
glutTimerFunc (1 , timer , 0) ;
glutKeyboardFunc ( keyboard ) ;
g lutReportError s ( ) ;
data . jack = j a c k c l i e n t o p e n (” i n c i d en t s ” , 0 , 0) ;

230 data . eca = popen (” ecasound −G: jack , i n c id en t s , send − i : . . / audio / nightboat . wav −o⤦
Ç : jack , system ” , ”w”) ;

a t e x i t ( c leanup ) ;
glutMainLoop ( ) ;
r e turn 0 ;

}

13 code/main.c.orig

// f o r popen , p c l o s e
#de f i n e POSIX C SOURCE 2

#inc lude <math . h>
5 #inc lude <s t d i o . h>
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#inc lude <s t d l i b . h>
#inc lude <s t r i n g . h>

#inc lude <GL/glew . h>
10 #inc lude <GL/ g lu t . h>

#inc lude <j ack / jack . h>

#inc lude ”boat . h”
15 #inc lude ” co l our . h”

#inc lude ” vec to r . h”
#inc lude ”wave . h”

const double p i = 3.141592653589793 ;
20

const double waveSpeed = 556.0618996853933 ∗ 2 ; // 2 ∗ pi ∗ 4425 / 50 / 3 ;
const double waveZoom = 1.272019649514069 ;//1 .189207115002721 ; // ⤦

Ç 1 .4142135623730951 ; // sq r t (2 ) ; s q r t $ ( s q r t 5 + 1) / 2

25 s t r u c t vec4 darkRed , darkBlue ;

s t r u c t {
s t r u c t boat boat ;
s t r u c t wave wave ;

30 i n t width , height , winwidth , winheight , frame , frames , record , ready , bu f s i z e ;
char ∗ bu f f e r ;
double time ;
j a c k c l i e n t t ∗ j ack ;
FILE ∗ eca ;

35 } data ;

void keyboard ( unsigned char c , i n t x , i n t y ) {
i f ( ! data . r ecord ) {

e x i t (0 ) ;
40 }

}

void t imer ( i n t t ) {
glutTimerFunc ( data . r ecord ? 1 : 10 , timer , t + 1) ;

45 g lutPostRed i sp lay ( ) ;
}

void reshape ( i n t w, i n t h) {
data . winwidth = w;

50 data . winheight = h ;
data . ready = 1 ;

}

void update ( void ) {
55 j a c k p o s i t i o n t pos ;

/∗ j a c k t r a n s p o r t s t a t e t s = ∗/ j a ck t r an spo r t que ry ( data . jack , &pos ) ;
double phase = pos . frame ∗ 25 .0 / pos . f r ame rate / data . frames ;
data . time = phase − f l o o r ( phase ) ;

}
60

void d i sp l ay ( void ) {
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i f ( data . ready ) {
update ( ) ;

}
65 {

// view
f l o a t x = data . width ∗ 0 .5 / data . he ight ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;

70 gluOrtho2D(−x , x , −0.5 , 0 . 5 ) ;
g lViewport (0 , 0 , data . width , data . he ight ) ;
// background
s t r u c t vec4 sky ;
i f ( data . time < 0 . 5 ) {

75 mix(&orange , &darkRed , data . time ∗ 2 , &sky ) ;
} e l s e {

mix(&darkRed , &darkBlue , data . time ∗ 2 − 1 , &sky ) ;
}
g lC l ea rCo lo r ( sky . v [ 0 ] , sky . v [ 1 ] , sky . v [ 2 ] , sky . v [ 3 ] ) ;

80 g lC l ea r (GL COLOR BUFFER BIT) ;
// p e r sp e c t i v e
i n t boatBias = −8;
i n t viewBias = 4 ;
double f requency = data . he ight ∗ pi / data . width ∗ pow(waveZoom , boatBias ) ;

85 double amplitude = (1 − cos (2 ∗ pi ∗ data . time ) ) / 2 ;
double z = 1;//pow(8 , amplitude ) ;
double boatFrequency = frequency ∗ pow(waveZoom , −boatBias ) ;
double viewFrequency = frequency ∗ pow(waveZoom , −viewBias ) ;
double boatAmplitude = amplitude / boatFrequency ;

90 double viewAmplitude = amplitude / viewFrequency ;
double boatX = data . width ∗ −0.5 ∗ cos ( p i ∗ data . time ) / data . he ight ;
double viewX = 0 ;
double boatPhase = data . time ∗ waveSpeed ;
double viewPhase = data . time ∗ waveSpeed ;

95 double boatY = boatAmplitude ∗ ( s i n ( boatX ∗ boatFrequency + boatPhase ) − ⤦
Ç 0 . 5 ) ;

double viewY = −boatY − 1 / boatFrequency ;//1 − boatAmplitude ;//⤦
Ç viewAmplitude ∗ ( s i n ( viewX ∗ viewFrequency + viewPhase ) − 0 . 5 ) ;

double viewT = −atan2 ( viewFrequency ∗ viewAmplitude ∗ cos ( viewX ∗ ⤦
Ç viewFrequency + viewPhase ) , 2) ;

double k = − ( viewY + boatY ) / ( boatY − pow(waveZoom , viewBias − boatBias ) ∗⤦
Ç boatY ) ;

double tc = cos ( viewT ) ;
100 double t s = s i n ( viewT ) ;

double dx = boatX ;
double dy = boatY ;
double y0 = −0.5 − dy ;
double y1 = 0 .5 − dy ;

105 double tx00 = z ∗ ( tc ∗ (−x − dx ) + t s ∗ y0 ) + dx ;
double ty00 = z ∗ (− t s ∗ (−x − dx ) + tc ∗ y0 ) + dy + amplitude /6 ;
double tx10 = z ∗ ( tc ∗ (−x − dx ) + t s ∗ y1 ) + dx ;
double ty10 = z ∗ (− t s ∗ (−x − dx ) + tc ∗ y1 ) + dy + amplitude /6 ;
double tx01 = z ∗ ( tc ∗ ( x − dx ) + t s ∗ y0 ) + dx ;

110 double ty01 = z ∗ (− t s ∗ ( x − dx ) + tc ∗ y0 ) + dy + amplitude /6 ;
double tx11 = z ∗ ( tc ∗ ( x − dx ) + t s ∗ y1 ) + dx ;
double ty11 = z ∗ (− t s ∗ ( x − dx ) + tc ∗ y1 ) + dy + amplitude /6 ;
// d i s t an t waves
f o r ( i n t b i a s = −19; b i a s < boatBias ; b i a s += 2) {
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115 data . wave . va lue . f requency = frequency ∗ pow(waveZoom , −b ia s ) / z ;
data . wave . va lue . amplitude = amplitude / data . wave . va lue . f requency ;
data . wave . va lue . l e v e l = (−pow(waveZoom , b i a s − boatBias ) ∗ boatY + boatY ) ⤦

Ç ∗ k − boatY ;
data . wave . va lue . phase = data . time ∗ waveSpeed ;
data . wave . va lue . width = z ∗ fmax (1 , pow(waveZoom , b ia s ) ) / data . he ight ;

120 data . wave . va lue . blend = data . he ight / 2 .0 / z ;
mix(&sky , &blue , 1 − ( boatBias − b ia s ) / 12 . 0 , &data . wave . va lue . f i l l ) ;
data . wave . va lue . f i l l . v [ 3 ] = 0 . 2 5 ;
mix(&sky , &white , 0 . 5 − ( boatBias − b ia s ) / 24 . 0 , &data . wave . va lue . s t r oke )⤦

Ç ;
wave use(&data . wave ) ;

125 g lBeg in (GL QUADS) ; {
glTexCoord2f ( tx00 , ty00 ) ; g lVer t ex2 f (−x , −0.5) ;
glTexCoord2f ( tx01 , ty01 ) ; g lVer t ex2 f ( x , −0.5) ;
glTexCoord2f ( tx11 , ty11 ) ; g lVer t ex2 f ( x , 0 . 5 ) ;
glTexCoord2f ( tx10 , ty10 ) ; g lVer t ex2 f (−x , 0 . 5 ) ;

130 } glEnd ( ) ;
glUseProgram (0) ;

}
// boat
data . boat . va lue . boatX = boatX ;

135 data . boat . va lue . f requency = boatFrequency ;
data . boat . va lue . amplitude = boatAmplitude ;
data . boat . va lue . l e v e l = −boatY ;
data . boat . va lue . phase = boatPhase ;
data . boat . va lue . s i z e = (0 . 25 / (1 − f abs ( boatX / x ) ) − 0 .0625) / z ;

140 mix(&sky , &red , 1 , &data . boat . va lue . f i l l ) ;
mix(&sky , &white , 0 . 5 , &data . boat . va lue . s t r oke ) ;
boat use (&data . boat ) ;
g lBeg in (GL QUADS) ; {

glTexCoord2f ( tx00 , ty00 ) ; g lVer t ex2 f (−x , −0.5) ;
145 glTexCoord2f ( tx01 , ty01 ) ; g lVer t ex2 f ( x , −0.5) ;

glTexCoord2f ( tx11 , ty11 ) ; g lVer t ex2 f ( x , 0 . 5 ) ;
glTexCoord2f ( tx10 , ty10 ) ; g lVer t ex2 f (−x , 0 . 5 ) ;

} glEnd ( ) ;
boat use (0 ) ;

150 // near waves
f o r ( i n t b i a s = boatBias + 1 ; b i a s < 4 ; b i a s += 2) {

data . wave . va lue . f requency = frequency ∗ pow(waveZoom , −b ia s ) / z ;
data . wave . va lue . amplitude = amplitude / data . wave . va lue . f requency ;
data . wave . va lue . l e v e l = (−pow(waveZoom , b i a s − boatBias ) ∗ boatY + boatY ) ⤦

Ç ∗ k − boatY ;
155 data . wave . va lue . phase = data . time ∗ waveSpeed ;

data . wave . va lue . width = z ∗ fmax (1 , pow(waveZoom , b ia s ) ) / data . he ight ;
data . wave . va lue . blend = data . he ight / 2 .0 / z ;
s t r u c t vec4 tmp ;
f l o a t b = ( b ia s − boatBias ) / 1 2 . 0 ;

160 mix(&blue , &green , b , &tmp) ;
mix(&tmp , &black , b , &data . wave . va lue . f i l l ) ;
data . wave . va lue . f i l l . v [ 3 ] = 0 . 2 5 ;
mix(&sky , &white , 0 . 5 − ( boatBias − b ia s ) / 24 . 0 , &data . wave . va lue . s t r oke )⤦

Ç ;
wave use(&data . wave ) ;

165 g lBeg in (GL QUADS) ; {
glTexCoord2f ( tx00 , ty00 ) ; g lVer t ex2 f (−x , −0.5) ;
glTexCoord2f ( tx01 , ty01 ) ; g lVer t ex2 f ( x , −0.5) ;
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glTexCoord2f ( tx11 , ty11 ) ; g lVer t ex2 f ( x , 0 . 5 ) ;
glTexCoord2f ( tx10 , ty10 ) ; g lVer t ex2 f (−x , 0 . 5 ) ;

170 } glEnd ( ) ;
glUseProgram (0) ;

}
}
glutSwapBuf fers ( ) ;

175 { // r e co rd ing
i f ( data . ready && data . record ) {

i f ( data . frame == data . frames ) {
e x i t (0 ) ;

}
180 f p r i n t f ( stdout , ”P6\n%d %d 255\n” , data . width , data . he ight ) ;

g l P i x e l S t o r e i (GL PACK ALIGNMENT, 1) ;
g lReadPixe l s (0 , 0 , data . width , data . he ight , GL RGB, GL UNSIGNED BYTE, data⤦

Ç . b u f f e r ) ;
fw r i t e ( data . bu f f e r , data . bu f s i z e , 1 , s tdout ) ;

}
185 }

g lutReportError s ( ) ;
}

void cleanup ( void ) {
190 i f ( data . bu f f e r ) { f r e e ( data . bu f f e r ) ; }

i f ( data . eca ) { pc l o s e ( data . eca ) ; }
}

i n t main ( i n t argc , char ∗∗ argv ) {
195 data . width = 1050 ;

data . he ight = 576 ;
data . frames = 4425 ;
data . r ecord = 0 ;
mix(&red , &black , 1 . 0 / 3 . 0 , &darkRed ) ;

200 mix(&blue , &black , 2 . 0 / 3 . 0 , &darkBlue ) ;
g lutInitWindowSize ( data . width , data . he ight ) ;
g lut In i tDisp layMode (GLUTRGBA | GLUTDOUBLE) ;
g l u t I n i t (&argc , argv ) ;
glutCreateWindow (” In c i d en t s At Sea ”) ;

205 g l ew In i t ( ) ;
g lEnable (GL BLEND) ;
glBlendFunc (GL SRC ALPHA, GL ONE MINUS SRC ALPHA) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;

210 glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
b o a t i n i t (&data . boat ) ;
wave in i t (&data . wave ) ;
i f ( data . r ecord ) {

215 data . bu f s i z e = data . width ∗ data . he ight ∗ 3 ;
data . bu f f e r = mal loc ( data . bu f s i z e ) ;
memset ( data . bu f f e r , 128 , data . bu f s i z e ) ;

} e l s e {
data . bu f f e r = 0 ;

220 }
data . frame = 0 ;
data . ready = 0 ;
g lC l ea rCo lo r ( 0 . 5 , 1 . 0 , 0 . 5 , 1) ;

25
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glutReshapeFunc ( reshape ) ;
225 glutDisplayFunc ( d i sp l ay ) ;

glutTimerFunc (1 , timer , 0) ;
glutKeyboardFunc ( keyboard ) ;
g lutReportError s ( ) ;
data . jack = j a c k c l i e n t o p e n (” i n c i d en t s ” , 0 , 0) ;

230 data . eca = popen (” ecasound −G: jack , i n c id en t s , send − i : . . / audio / nightboat . wav −o⤦
Ç : jack , system ” , ”w”) ;

a t e x i t ( c leanup ) ;
glutMainLoop ( ) ;
r e turn 0 ;

}

14 code/Makefile

CC = gcc
CFLAGS = −std=c99 −Wall −pedant ic −Wextra −Wno−unused−parameter −O3 −march=⤦

Ç nat ive
#CFLAGS += −ggdb
LIBS = −lGLEW −lGL −lGLU − l g l u t − l c a i r o − l j a c k − l p thread − l r t −lm

5 OBJS = \
boat . o \
co l ou r . o \
main . o \
shader . o \

10 vec to r . o \
wave . o

GENC = \
boat . f r a g . c \
boat . ve r t . c \

15 wave . f r ag . c \
wave . ve r t . c

a l l : i n c i d e n t s a t s e a

20 c l ean :
−rm − f $ (OBJS) $ (GENC)

.SUFFIXES :

.PHONY: a l l c l ean
25

i n c i d e n t s a t s e a : $ (OBJS)
$ (CC) $ (CFLAGS) −o i n c i d e n t s a t s e a $ (OBJS) $ (LIBS)

# C source to ob j e c t f i l e
30 %.o : %.c

$ (CC) $ (CFLAGS) −o $@ −c $<

# shader source to C source
%. f r ag . c : %. f r ag s2c . sh

35 . / s2c . sh $∗ f r a g < $< > $@
%.ver t . c : %. ve r t s2c . sh

. / s2c . sh $∗ v e r t < $< > $@

# dependenc ies
40 boat . o : boat . c boat . h boat . f r a g . c boat . ve r t . c shader . h vec to r . h

co l our . o : co l ou r . c co l ou r . h vec to r . h

26
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main . o : main . c boat . h co l ou r . h shader . h vec to r . h wave . h
shader . o : shader . c shader . h
vec to r . o : vec to r . c vec to r . h

45 wave . o : wave . c wave . h wave . f r a g . c wave . ve r t . c shader . h vec to r . h

15 code/menu.hs

{−# LANGUAGE NoMonomorphismRestriction #−}

import Control .Monad ( forM , when)
import Graphics . Rendering . Cairo

5

import Font
import Colour
import Track

10 width = 1536
he ight = 8192

menu = do
setSourceRGBA 0 0 0 0

15 paint
setLineCap LineCapRound
se tL ineJo in LineJoinRound
save
s c a l e ( width / 3) ( width / 3)

20 t r a n s l a t e ( 0 . 5 ) ( −0 .5)
forM ( t i t l e s ‘ z ip ‘ [ 0 . . ] ) $ \( track , number ) −> do

save
t r a n s l a t e 1 (1 + f romInteg ra l number )
l e t ang le = atan2 1 3

25 r o t a t e $ i f even number then ang le e l s e −ang le
s c a l e 3 3
t r a n s l a t e ( −0 .5) ( −0 .5)
s t r i n g $ ” ” ++ track ++ ” ”
r e s t o r e

30 r e s t o r e

main = do
image <− create ImageSur face FormatARGB32 width he ight
renderWith image menu

35 surfaceWriteToPNG image ”menu . png”

16 code/nightboat.hs

{−# LANGUAGE NoMonomorphismRestriction #−}

import Control .Monad ( forM , when)
import Graphics . Rendering . Cairo

5

import Colour

width = 1920
he ight = 1080

10 zoom = he ight / 576
weight = 4 ∗ zoom

27
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frames = 4425
peak = 2495 / frames
s tep = 2734 −− frames ‘ gcd ‘ s tep == 1

15

boatX0 = 10 ∗ zoom
waveSpeed = 2 ∗ pi ∗ frames / 50
waveZoom = 3 ∗∗ (1 / 7)

20 f i l ename f = ( r ev e r s e . take 6 . (++ repeat ’ 0 ’ ) . r e v e r s e . show $ f ) ++ ” . png⤦
Ç ”

darkRed = blend (1/3) red black
darkBlue = blend (2/3) blue black

25 renderFrame image f = renderWith image $ do
l e t boatColour@ [ boatR , boatG , boatB ] = red

skyColour@ [ skyR , skyG , skyB ]
| f < 0 .5 = blend ( f ∗ 2 ) orange darkRed
| otherwi s e = blend ( f ∗ 2 − 1) darkRed darkBlue

30 seaColours = r ev e r s e $ map ( $ blue )
[ blend (1/4) black . blend (1/4) green
, blend (2/4) black . blend (2/4) green
, blend (3/4) black . blend (3/4) green
, blend (5/6) skyColour

35 , blend (4/6) skyColour
, blend (3/6) skyColour
, blend (2/6) skyColour
, blend (1/6) skyColour
]

40 ( ear lySea , l a t eSea ) = sp l i tA t 5 ([ −9 , −7 . . ] ‘ z ip ‘ seaColours )
waveSeparation = he ight ∗ magic / 4
van i sh ingPoint = waveSeparation ∗ waveZoom ∗∗ 7
magic = cos ( p i ∗ ( f − 0 . 5 ) )
−−magic = l e t x = (2 ∗ f − 1) ∗ pi / 3 in (1 − signum x ∗ (1 − 1 / cos x ) )⤦

Ç / 2
45 s eaLeve l = ( he ight + 2 ∗ weight ) ∗ (1 − magic / 2) − weight

boatX = (width + 2 ∗ boatX0 ) ∗ (1 − cos ( p i ∗ f ) ) / 2 − boatX0
boatY = waveLevel 0 + waveY 0 boatX
boatS i ze = s i n ( p i ∗ f ) ˆ 2
waveSize = s i n ( p i ∗ f )

50 waveHeight b i a s = (max 0 $ he ight / 4 ∗ (1 − ( ( f − peak ) / (1 − peak ) ) ˆ2) )⤦
Ç ∗ waveZoom ∗∗ b ia s

waveFreq = 4 / he ight
waveY b ia s x = vani sh ingPo int ∗ (waveZoom ∗∗ b ia s − 1) + waveSize ∗ ⤦

Ç waveHeight b i a s ∗ cos ( ( x − ( width / 2) ) ∗ waveFreq ∗ waveZoom ∗∗ ⤦
Ç negate b i a s + f ∗ waveSpeed )

waveLevel b i a s = seaLeve l − 0 .5 ∗ waveY b ia s boatX + boatS ize ∗ 100 ∗ zoom
boatAngle = atan2 (waveY 0 ( boatX + 1) − waveY 0 ( boatX − 1) ) 2

55 drawWave ( bias , [ seaR , seaG , seaB ] ) = do
setSourceRGB seaR seaG seaB
moveTo (− 2 ∗ weight ) ( waveLevel b i a s + waveY b ia s (− 2 ∗ weight ) )
forM [−weight . . width + weight ] $ \x −> do

l e t y = waveLevel b i a s + waveY b ia s x
60 l ineTo x y

l ineTo ( width + 2 ∗ weight ) ( waveLevel b i a s + waveY b ia s ( width + 2 ∗ ⤦
Ç weight ) )

l ineTo ( width + 2 ∗ weight ) ( he ight + 2 ∗ weight )
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l ineTo ( − 2 ∗ weight ) ( he ight + 2 ∗ weight )
l ineTo ( − 2 ∗ weight ) ( waveLevel b i a s + waveY b ia s ( − 2 ∗ ⤦

Ç weight ) )
65 c losePath

f i l l P r e s e r v e
setSourceRGB 0 0 0
s t r oke

setLineWidth (2 ∗ zoom)
70 setSourceRGB skyR skyG skyB

paint
forM ear lySea drawWave
when ( boatS i ze > 0) $ do

save
75 setSourceRGB boatR boatG boatB

t r a n s l a t e boatX boatY
ro ta t e boatAngle
s c a l e ( boatS i ze ∗ zoom) ( boatS i ze ∗ zoom)
moveTo ( −180) (−50)

80 forM [( −20 , −50) ,( −20 , −270) ,(140 , −150) ,( −20 , −70) ,( −20 , −50) ,(200 , −50)⤦
Ç , ( 120 ,30 ) , ( −120 ,30) ,( −180 , −50) ] $ \(x , y ) −> do

l ineTo x y
c losePath
f i l l P r e s e r v e
r e s t o r e

85 setSourceRGB 0 0 0
s t r oke

forM la t eSea drawWave

main = do
90 image <− create ImageSur face FormatARGB32 width he ight

forM [ 0 . . frames − 1 ] $ \ f −> do
l e t g = ( f ∗ s tep ) ‘mod ‘ frames
renderFrame image ( f r omInteg ra l g / frames )
surfaceWriteToPNG image ( f i l ename g )

17 code/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 ” ;”

18 code/semaphore.hs

l e t t e r s = [ ’ a ’ . . ’ z ’ ] ‘ z ip ‘ (
[ 1 , 2 , 3 , 4 , 0 , 0 , 0 , 2 , 1 , 4 , 1 , 1 , 1 , 1 , 2 , 2 , 2 , 2 , 2 , 3 , 3 , 4 , 5 , 5 , 3 , 7 ] ‘ z ip ‘
[ 0 , 0 , 0 , 0 , 5 , 6 , 7 , 1 , 3 , 6 , 4 , 5 , 6 , 7 , 3 , 4 , 5 , 6 , 7 , 4 , 5 , 7 , 6 , 7 , 6 , 6 ] )

numbers = [ ’ 0 ’ . . ’ 9 ’ ] ‘ z ip ‘ (
5 [ 1 , 1 , 2 , 3 , 4 , 0 , 0 , 0 , 2 , 1 ] ‘ z ip ‘

[ 4 , 0 , 0 , 0 , 0 , 5 , 6 , 7 , 1 , 3 ] )
space = (0 , 0 )
numeralsMode = (4 , 5 )
l e t ter sMode = (4 , 6 )
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19 code/shader.c

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

#inc lude ” shader . h”
5

//======================================================================
// pr in t a shader object ’ s debug log
void shader debug (GLhandleARB obj ) {

i n t in fo l ogLength = 0 ;
10 i n t maxLength ;

i f ( g l I sShade r ( obj ) ) {
glGetShader iv ( obj , GL INFO LOG LENGTH, &maxLength ) ;

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

15 }
char ∗ in foLog = mal loc (maxLength ) ;
i f ( ! in foLog ) {

re turn ;
}

20 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 ) ;

}
25 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 ) ;

}
30

//======================================================================
// 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 (

s t r u c t shader ∗ shader , const char ∗vert , const char ∗ f r a g
35 ) {

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

40 i f ( shader−>vertexSource | | shader−>f ragmentSource ) {
shader−>program = glCreateProgramObjectARB ( ) ;
i f ( shader−>vertexSource ) {

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

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

) ;
glCompileShaderARB ( shader−>ver tex ) ;
shader debug ( shader−>ver tex ) ;

50 glAttachObjectARB ( shader−>program , shader−>ver tex ) ;
}
i f ( shader−>f ragmentSource ) {

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

55 glShaderSourceARB ( shader−>fragment ,

30
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1 , ( const GLcharARB ∗∗) &shader−>fragmentSource , 0
) ;
glCompileShaderARB ( shader−>fragment ) ;
shader debug ( shader−>fragment ) ;

60 glAttachObjectARB ( shader−>program , shader−>fragment ) ;
}
glLinkProgramARB( shader−>program ) ;
glGetObjectParameterivARB ( shader−>program ,

GL OBJECT LINK STATUS ARB, &shader−> l i n kS t a tu s
65 ) ;

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

}
70 } e l s e {

re turn 0 ;
}
re turn shader ;

}

20 code/shader.h

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

#inc lude <GL/glew . h>
5

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

GLint l i nkS t a tu s ;
10 GLhandleARB program ;

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

15 } ;

//======================================================================
// gene r i c shader uniform l o c a t i o n ac c e s s macro
#de f i n e shader uni form ( s e l f , name) \

20 ( s e l f )−>uniform . name = \
glGetUniformLocationARB ( ( s e l f )−>shader . program , #name)

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

25 #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)

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

30 #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)

//======================================================================
// gene r i c shader uniform update a c c e s s macro ( f l o a t 4 )

35 #de f i n e shader update f4 ( s e l f , name) \
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glUniform4fARB ( ( s e l f )−>uniform . name , ( s e l f )−>value . name . v [ 0 ] , ( s e l f )−>value .⤦
Ç name . v [ 1 ] , ( s e l f )−>value . name . v [ 2 ] , ( s e l f )−>value . name . v [ 3 ] )

//======================================================================
// gene r i c shader i n i t i a l i z a t i o n

40 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

) ;

#end i f

21 code/Track.hs

module Track ( t i t l e s , durat i ons ) where

−− t rack t i t l e s
t i t l e s : : [ S t r ing ]

5 t i t l e s =
[ ” nightboat ”
, ” semaphore”
, ” prepare to be boarded”
, ”no quarte r ”

10 , ” sonar ”
, ” subte r fuge ”
, ”bulkhead c o l l a p s e ”
, ”man overboard ”
, ” i n f l a t a b l e ”

15 , ” a e ronau t i c s ”
, ” eng ine f a i l u r e ”
, ” f r e e f a l l ”
, ” c l o c topus ”
, ” f i s h e y e ”

20 , ” coda”
, ” bubb l i c i ou s ”
]

−− t rack durat ions in frames
25 durat ions : : [ Double ]

durat i ons = [ ]

22 code/vector.c

#inc lude ” vec to r . h”

void mix ( const s t r u c t vec4 ∗x , const s t r u c t vec4 ∗y , f l o a t t , s t r u c t vec4 ∗o ) {
f l o a t s = 1 − t ;

5 o−>v [ 0 ] = x−>v [ 0 ] ∗ s + t ∗ y−>v [ 0 ] ;
o−>v [ 1 ] = x−>v [ 1 ] ∗ s + t ∗ y−>v [ 1 ] ;
o−>v [ 2 ] = x−>v [ 2 ] ∗ s + t ∗ y−>v [ 2 ] ;
o−>v [ 3 ] = x−>v [ 3 ] ∗ s + t ∗ y−>v [ 3 ] ;

}

23 code/vector.h

#i f n d e f VECTORH
#de f i n e VECTORH 1
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s t r u c t vec4 {
5 f l o a t v [ 4 ] ;

} ;

void mix ( const s t r u c t vec4 ∗x , const s t r u c t vec4 ∗y , f l o a t t , s t r u c t vec4 ∗o ) ;

10 #end i f

24 code/wave.c

#inc lude <math . h>

#inc lude ”wave . h”
#inc lude ”wave . f r a g . c”

5 #inc lude ”wave . ve r t . c”

s t r u c t wave ∗wave in i t ( s t r u c t wave ∗wave ) {
i f ( ! wave ) { re turn 0 ; }
i f ( ! s h a d e r i n i t (&wave−>shader , wave vert , wave frag ) ) { re turn 0 ; }

10 shader uni form (wave , amplitude ) ;
shader uni form (wave , f requency ) ;
shader uni form (wave , l e v e l ) ;
shader uni form (wave , phase ) ;
shader uni form (wave , width ) ;

15 shader uni form (wave , blend ) ;
shader uni form (wave , s t r oke ) ;
shader uni form (wave , f i l l ) ;
wave−>value . amplitude = 0 ;
wave−>value . f requency = 0 ;

20 wave−>value . l e v e l = 0 ;
wave−>value . phase = 0 ;
wave−>value . width = 0 ;
wave−>value . blend = 0 ;
wave−>value . s t r oke . v [ 0 ] = 0 ;

25 wave−>value . s t r oke . v [ 1 ] = 0 ;
wave−>value . s t r oke . v [ 2 ] = 0 ;
wave−>value . s t r oke . v [ 3 ] = 1 ;
wave−>value . f i l l . v [ 0 ] = 1 ;
wave−>value . f i l l . v [ 1 ] = 1 ;

30 wave−>value . f i l l . v [ 2 ] = 1 ;
wave−>value . f i l l . v [ 3 ] = 1 ;
re turn wave ;

}

35 void wave use ( s t r u c t wave ∗wave ) {
glUseProgram (wave−>shader . program ) ;
shader update f (wave , amplitude ) ;
shader update f (wave , f requency ) ;
shader update f (wave , l e v e l ) ;

40 shader update f (wave , phase ) ;
shader update f (wave , width ) ;
shader update f (wave , blend ) ;
shader update f4 (wave , s t r oke ) ;
shader update f4 (wave , f i l l ) ;

45 }
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25 code/wave.frag

/∗

s t r ok ing a path with a constant pe rpend i cu la r width

5 approximate s i nu s o i d at P by a s t r a i g h t l i n e tangent

P drop a v e r t i c a l l i n e from P to Q
/ | PRO i s a r i gh t ang le

O/ |R POQ i s a r i g h t ang le
10 /\ | |RO| i s one un i t

/ \ | |OQ| i s ’ width ’
/ Q PRO i s s im i l a r to POQ

|PQ | : |OQ| = |PO | : |RO| −> |PQ| = width ∗ s q r t (1ˆ2 + dyˆ2)
15

gnuplot example

s e t s i z e square
s e t xrange [− pi : p i ]

20 s e t yrange [− pi : p i ]
p l o t s i n ( x ) , s i n ( x )+0.5∗ s q r t (1+cos (x ) ∗ cos ( x ) ) , s i n ( x ) −0.5∗ s q r t (1+cos (x ) ∗⤦

Ç cos ( x ) )

∗/

25 /∗ wave shape ∗/
uniform f l o a t amplitude ;
uniform f l o a t f requency ;
uniform f l o a t l e v e l ;
uniform f l o a t phase ;

30

/∗ appearance ∗/
uniform f l o a t width ;
uniform f l o a t blend ;
uniform vec4 s t r oke ;

35 uniform vec4 f i l l ;

const vec4 t ransparent = vec4 ( 0 . 0 ) ;

void main ( void ) {
40 vec2 p = gl TexCoord [ 0 ] . xy ;

f l o a t t = frequency ∗ p . x + phase ;
f l o a t y = amplitude ∗ s i n ( t ) + l e v e l ;
f l o a t dy = amplitude ∗ cos ( t ) ∗ f r equency ;
f l o a t de l t a = width ∗ s q r t ( 1 . 0 + dy ∗ dy ) ;

45 f l o a t y0 = y − de l t a ;
f l o a t y1 = y + de l t a ;
vec4 c ;
i f (p . y < y0 ) {

c = mix ( f i l l , s t roke , clamp (1 . 0 − blend ∗ ( y0 − p . y ) , 0 . 0 , 1 . 0 ) ) ;
50 } e l s e i f (p . y < y1 ) {

c = s t roke ;
} e l s e {

f l o a t a = clamp ( blend ∗ (p . y − y1 ) , 0 . 0 , 1 . 0 ) ;
c = vec4 ( s t r oke . rgb , 1 . 0 − a ) ;
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55 }
g l FragCo lor = c ;

}

26 code/wave.h

#i f n d e f WAVEH
#de f i n e WAVEH 1

#inc lude ” shader . h”
5 #inc lude ” vec to r . h”

s t r u c t wave { s t r u c t shader shader ;
s t r u c t { GLint amplitude , frequency , l e v e l , phase , width , blend , ⤦

Ç s t roke , f i l l ; } uniform ;
s t r u c t { f l o a t amplitude , frequency , l e v e l , phase , width , blend ; s t r u c t vec4 ⤦

Ç s t roke , f i l l ; } value ;
10 } ;

s t r u c t wave ∗wave in i t ( s t r u c t wave ∗wave ) ;
void wave use ( s t r u c t wave ∗wave ) ;

15 #end i f

27 code/wave.vert

void main ( void ) {
g l P o s i t i o n = f t rans fo rm ( ) ;
gl TexCoord [ 0 ] = gl MultiTexCoord0 ;

}

28 design/boat.svg

<?xml ve r s i on =”1.0” encoding=”UTF−8”?>
<!DOCTYPE svg PUBLIC ”−//W3C//DTD SVG 1.1//EN” ”http ://www.w3 . org /Graphics /SVG⤦

Ç /1 .1/DTD/svg11 . dtd”>
<svg xmlns=”http ://www.w3 . org /2000/ svg” xmlns : x l i nk=”http ://www.w3 . org /1999/⤦

Ç x l i nk ”
width=”42” he ight=”34” viewbox=”0 0 42 34” ve r s i on =”1.1”

5 ><path trans form=”t r a n s l a t e (20 ,29) ”
d=”M −18 ,−5 L −2,−5 −2 ,−27 14 ,−15 −2,−7 −2,−5 20 ,−5 12 ,3 −12 ,3 −18 ,−5 Z”
stroke − l i n e j o i n=”round” stroke −width=”1” s t r oke=”rgb (0 , 0 , 0 ) ” f i l l =”rgb⤦

Ç (231 ,13 ,100) ”
/></svg>

29 design/menu-1.svg

<?xml ve r s i on =”1.0” encoding=”UTF−8”?>
<!DOCTYPE svg PUBLIC ”−//W3C//DTD SVG 1.1//EN” ”http ://www.w3 . org /Graphics /SVG⤦

Ç /1 .1/DTD/svg11 . dtd”>
<svg xmlns=”http ://www.w3 . org /2000/ svg” xmlns : x l i nk=”http ://www.w3 . org /1999/⤦

Ç x l i nk ”
width=”1024” he ight=”4096” viewbox=”0 0 1024 4096” ve r s i on =”1.1”

5 ><defs>
<path id=”a” d=”M 0 ,2 L 0 ,1 A 1 ,1 0 0 1 2 ,1 L 2 ,2 M 0 ,1 L 2 ,1” />
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<path id=”b” d=”M 0 ,1 L 1 ,1 A 0 . 5 , 0 . 5 0 0 0 1 ,0 L 0 ,0 0 ,2 1 ,2 A 0 . 5 , 0 . 5 0 0 0 ⤦
Ç 1 ,1” />

<path id=”c” d=”M 2 ,0 L 1 ,0 A 1 ,1 0 0 0 1 ,2 L 2 ,2” />
<path id=”d” d=”M 1 ,0 L 0 ,0 0 ,2 1 ,2 A 1 ,1 0 0 0 1 ,0” />

10 <path id=”e” d=”M 2 ,0 L 0 ,0 0 ,2 2 ,2 M 0 ,1 L 1 ,1” />
<path id=”f ” d=”M 2 ,0 L 0 ,0 0 ,2 M 0 ,1 L 1 ,1” />
<path id=”g” d=”M 2 ,0 L 1 ,0 A 1 ,1 0 1 0 2 ,1 L 1 ,1” />
<path id=”h” d=”M 0 ,0 L 0 ,2 M 0 ,1 L 2 ,1 M 2 ,0 L 2 ,2” />
<path id=” i ” d=”M 0 ,0 L 2 ,0 M 1 ,0 L 1 ,2 M 0 ,2 L 2 ,2” />

15 <path id=”j ” d=”M 0 ,0 L 2 ,0 M 0 ,2 A 0 . 5 , 0 . 5 0 0 0 1 ,1 L 1 ,0” />
<path id=”k” d=”M 0 ,0 L 0 ,2 M 0 ,1 L 1 ,1 0 ,2 M 1 ,1 L 2 ,2” />
<path id=” l ” d=”M 0 ,0 L 0 ,2 2 ,2” />
<path id=”m” d=”M 0 ,2 L 0 ,0 1 ,1 2 ,0 2 ,2” />
<path id=”n” d=”M 0 ,2 L 0 ,0 2 ,2 2 ,0” />

20 <path id=”o” d=”M 1 ,0 A 1 ,1 0 0 0 1 ,2 A 1 ,1 0 0 0 1 ,0” />
<path id=”p” d=”M 0 ,1 L 1 ,1 A 0 . 5 , 0 . 5 0 0 0 1 ,0 L 0 ,0 0 ,2” />
<path id=”q” d=”M 1 ,0 A 1 ,1 0 0 0 1 ,2 A 1 ,1 0 0 0 1 ,0 M 1 ,1 L 2 ,2” />
<path id=”r ” d=”M 0 ,1 L 1 ,1 A 0 . 5 , 0 . 5 0 0 0 1 ,0 L 0 ,0 0 ,2 M 1 ,1 L 2 ,2” />
<path id=”s ” d=”M 2 ,0 L 1 ,0 A 0 . 5 , 0 . 5 0 0 0 1 ,1 A 0 . 5 , 0 . 5 0 0 1 1 ,2 L 0 ,2” />

25 <path id=”t ” d=”M 0 ,0 L 2 ,0 M 1 ,0 L 1 ,2” />
<path id=”u” d=”M 0 ,0 L 0 ,1 A 1 ,1 0 0 0 2 ,1 L 2 ,0” />
<path id=”v” d=”M 0 ,0 L 0 ,1 1 ,2 2 ,1 2 ,0” />
<path id=”w” d=”M 0 ,0 L 0 ,2 1 ,1 2 ,2 0 ,2” />
<path id=”x” d=”M 0 ,0 L 2 ,2 M 2 ,0 L 0 ,2” />

30 <path id=”y” d=”M 0 ,0 L 1 ,1 2 ,0 M 1 ,1 L 1 ,2” />
<path id=”z” d=”M 0 ,0 L 2 ,0 0 ,2 2 ,2” />
<svg id=”nightboat ” viewBox=”0.625 0 .625 26 .75 2 .75” preserveAspectRat io=”none”>
<use x=”1” y=”1” x l i nk : h r e f=”#n” />
<use x=”4” y=”1” x l i nk : h r e f=”#i ” />

35 <use x=”7” y=”1” x l i nk : h r e f=”#g” />
<use x=”10” y=”1” x l i nk : h r e f=”#h” />
<use x=”13” y=”1” x l i nk : h r e f=”#t” />
<use x=”16” y=”1” x l i nk : h r e f=”#b” />
<use x=”19” y=”1” x l i nk : h r e f=”#o” />

40 <use x=”22” y=”1” x l i nk : h r e f=”#a” />
<use x=”25” y=”1” x l i nk : h r e f=”#t” />
</svg>
<svg id=”semaphore” viewBox=”0.625 0 .625 26 .75 2 .75” preserveAspectRat io=”none”>
<use x=”1” y=”1” x l i nk : h r e f=”#s” />

45 <use x=”4” y=”1” x l i nk : h r e f=”#e” />
<use x=”7” y=”1” x l i nk : h r e f=”#m” />
<use x=”10” y=”1” x l i nk : h r e f=”#a” />
<use x=”13” y=”1” x l i nk : h r e f=”#p” />
<use x=”16” y=”1” x l i nk : h r e f=”#h” />

50 <use x=”19” y=”1” x l i nk : h r e f=”#o” />
<use x=”22” y=”1” x l i nk : h r e f=”#r” />
<use x=”25” y=”1” x l i nk : h r e f=”#e” />
</svg>
<svg id=”prepare ” viewBox=”0.625 0 .625 62 .75 2 .75” preserveAspectRat io=”none”>

55 <use x=”1” y=”1” x l i nk : h r e f=”#p” />
<use x=”4” y=”1” x l i nk : h r e f=”#r” />
<use x=”7” y=”1” x l i nk : h r e f=”#e” />
<use x=”10” y=”1” x l i nk : h r e f=”#p” />
<use x=”13” y=”1” x l i nk : h r e f=”#a” />

60 <use x=”16” y=”1” x l i nk : h r e f=”#r” />
<use x=”19” y=”1” x l i nk : h r e f=”#e” />
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<use x=”25” y=”1” x l i nk : h r e f=”#t” />
<use x=”28” y=”1” x l i nk : h r e f=”#o” />

65

<use x=”34” y=”1” x l i nk : h r e f=”#b” />
<use x=”37” y=”1” x l i nk : h r e f=”#e” />

<use x=”43” y=”1” x l i nk : h r e f=”#b” />
70 <use x=”46” y=”1” x l i nk : h r e f=”#o” />

<use x=”49” y=”1” x l i nk : h r e f=”#a” />
<use x=”52” y=”1” x l i nk : h r e f=”#r” />
<use x=”55” y=”1” x l i nk : h r e f=”#d” />
<use x=”58” y=”1” x l i nk : h r e f=”#e” />

75 <use x=”61” y=”1” x l i nk : h r e f=”#d” />
</svg>
<svg id=”noquarter ” viewBox=”0.625 0 .625 29 .75 2 .75” preserveAspectRat io=”none”>
<use x=”1” y=”1” x l i nk : h r e f=”#n” />
<use x=”4” y=”1” x l i nk : h r e f=”#o” />

80

<use x=”10” y=”1” x l i nk : h r e f=”#q” />
<use x=”13” y=”1” x l i nk : h r e f=”#u” />
<use x=”16” y=”1” x l i nk : h r e f=”#a” />
<use x=”19” y=”1” x l i nk : h r e f=”#r” />

85 <use x=”22” y=”1” x l i nk : h r e f=”#t” />
<use x=”25” y=”1” x l i nk : h r e f=”#e” />
<use x=”28” y=”1” x l i nk : h r e f=”#r” />
</svg>
<svg id=”sonar ” viewBox=”0.625 0 .625 14 .75 2 .75” preserveAspectRat io=”none”>

90 <use x=”1” y=”1” x l i nk : h r e f=”#s” />
<use x=”4” y=”1” x l i nk : h r e f=”#o” />
<use x=”7” y=”1” x l i nk : h r e f=”#n” />
<use x=”10” y=”1” x l i nk : h r e f=”#a” />
<use x=”13” y=”1” x l i nk : h r e f=”#r” />

95 </svg>
<g id=”t rack s”>
<svg preserveAspectRat io=”none” x=”0” width=”100%” y=”0” he ight⤦

Ç =”269.0181176224174” ><use x l i nk : h r e f=”#nightboat ” /></svg>
<svg preserveAspectRat io=”none” x=”0” width=”100%” y=”269.0181176224174” he ight⤦

Ç =”189.47699765114226”><use x l i nk : h r e f=”#semaphore” /></svg>
<svg preserveAspectRat io=”none” x=”0” width=”100%” y=”458.49511527355963” he ight⤦

Ç =”121.21135231369968”><use x l i nk : h r e f=”#prepare ” /></svg>
100 <svg preserveAspectRat io=”none” x=”0” width=”100%” y=”579.7064675872593” he ight⤦

Ç =”57.29656947083377” ><use x l i nk : h r e f=”#noquarter ” /></svg>
<svg preserveAspectRat io=”none” x=”0” width=”100%” y=”637.0030370580931” he ight⤦

Ç =”79.54111997127511” ><use x l i nk : h r e f=”#sonar ” /></svg>
</g>
</defs>
<g f i l l =”none” s t r oke=”black ” stroke −width=”0.7” stroke − l i n e j o i n=”⤦

Ç round” stroke − l i n e c ap=”round”><use x l i nk : h r e f=”#track s ” /></g>
105 <g f i l l =”none” s t r oke=”rgb (153 ,255 ,53) ” stroke −width=”0.25” stroke − l i n e j o i n=”⤦

Ç round” stroke − l i n e c ap=”round”><use x l i nk : h r e f=”#track s ” /></g>
</svg>
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30 design/palette.png

31 README

Needs audio f i l e s from :

http :// a rch ive . org / d e t a i l s /ClaudiusMaximus − I n c i d en t s At Sea

5 resampled and trimmed to 48kHz , thus :

audio / nightboat . f l a c : FLAC audio b i t s t ream data , 16 bit , s t e r eo , 48 kHz , 8496000⤦
Ç samples

audio / nightboat . wav : RIFF ( l i t t l e −endian ) data , WAVE audio , Mic ro so f t PCM, 16 ⤦
Ç bit , s t e r e o 48000 Hz

10

Needs ecasound and jackd at 48000Hz .
Remember to stop / rewind t ranspor t between tweaks/ reruns .

cd code && make && ./ i n c i d e n t s a t s e a
15

GPL l i c e n s e , NO WARRANTY

−−

http ://mathr . co . uk
20 claude@mathr . co . uk

32 todo/cover.hs

{−# LANGUAGE NoMonomorphismRestriction #−}

import Control .Monad ( forM )
import Data . Char ( toLower )

5 import Graphics . Rendering . Cairo

−− 600 dpi
width = 6496
he ight = 4370

10

red = map (/255) [ 231 , 13 , 100 ]
orange = map (/255) [ 255 , 200 , 103 ]
green = map (/255) [ 153 , 255 , 53 ]
b lue = map (/255) [ 3 , 71 , 148 ]

15 black = map (/255) [ 0 , 0 , 0 ]

blend k = zipWith (\ a b −> a ∗ (1 − k ) + k ∗ b)

t ra ck s =
20 [ ” n ightboat ”
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, ” semaphore”
, ” prepare to be boarded”
, ”no quarte r ”
, ” sonar ”

25 , ” subte r fuge ”
, ”bulkhead c o l l a p s e ”
, ”man overboard ”
, ” i n f l a t a b l e ”
, ” a e ronau t i c s ”

30 , ” eng ine f a i l u r e ”
, ” f r e e f a l l ”
, ” c l o c topus ”
, ” f i s h e y e ”
, ”coda”

35 , ” bubb l i c i ou s ”
]

durat i ons = [ 4390 , 3092 , 1978 , 935 , 1298 , 8200 , 2965 , 4995 , 3965 , 5213 , 3996 , ⤦
Ç 4765 , 6113 , 7892 , 4318 , 2667 ]

durat ion = sum durat ions
40

( trackWidths , t rackHe ights ) = unzip $ zipWith f t r a ck s durat i ons
where

f name dur =
l e t area = dur / durat ion

45 aspect = f romInteg ra l ( l ength name)
−− area = w ∗ h , w = aspect h −> area = aspect (hˆ2) −> h = sq r t ( area⤦

Ç / aspect )
in ( sq r t ( aspect ∗ area ) , s q r t ( area / aspect ) )

l i s t i ngWidth = maximum trackWidths
50 l i s t i n gHe i g h t = sum trackHe ight s

glyph ’ a ’ = moveTo 0 2 >> l ineTo 0 1 >> arc 1 1 1 p i 0 >> l ineTo 2 2 >> moveTo 0⤦
Ç 1 >> l ineTo 2 1

glyph ’b ’ = moveTo 0 1 >> l ineTo 1 .5 1 >> arcNegat ive 1 .5 0 .5 0 . 5 ( p i /2) (− pi /2)⤦
Ç >> l ineTo 0 0 >> l ineTo 0 2 >> l ineTo 1 .5 2 >> arcNegat ive 1 .5 1 .5 0 . 5 (⤦
Ç pi /2) (− pi /2)

glyph ’ c ’ = moveTo 2 0 >> l ineTo 1 0 >> arcNegat ive 1 1 1 (− pi /2) ( p i /2) >> ⤦
Ç l ineTo 2 2

55 glyph ’d ’ = moveTo 1 0 >> l ineTo 0 0 >> l ineTo 0 2 >> l ineTo 1 2 >> arcNegat ive ⤦
Ç 1 1 1 ( p i /2) (− pi /2)

glyph ’ e ’ = moveTo 2 0 >> l ineTo 0 0 >> l ineTo 0 2 >> l ineTo 2 2 >> moveTo 0 1 ⤦
Ç >> l ineTo 1 1

glyph ’ f ’ = moveTo 2 0 >> l ineTo 0 0 >> l ineTo 0 2 >> moveTo 0 1 >> l ineTo 1 1
glyph ’ g ’ = moveTo 2 0 >> l ineTo 1 0 >> arcNegat ive 1 1 1 (− pi /2) 0 >> l ineTo 1 ⤦

Ç 1
glyph ’h ’ = moveTo 0 0 >> l ineTo 0 2 >> moveTo 0 1 >> l ineTo 2 1 >> moveTo 2 0 ⤦

Ç >> l ineTo 2 2
60 glyph ’ i ’ = moveTo 0 0 >> l ineTo 2 0 >> moveTo 1 0 >> l ineTo 1 2 >> moveTo 0 2 ⤦

Ç >> l ineTo 2 2
glyph ’ j ’ = moveTo 0 0 >> l ineTo 2 0 >> moveTo 0 2 >> arcNegat ive 0 1 1 ( p i /2) 0⤦

Ç >> l ineTo 1 0
glyph ’k ’ = moveTo 0 0 >> l ineTo 0 2 >> moveTo 0 1 >> l ineTo 1 1 >> l ineTo 2 0 ⤦

Ç >> moveTo 1 1 >> l ineTo 2 2
glyph ’ l ’ = moveTo 0 0 >> l ineTo 0 2 >> l ineTo 2 2
glyph ’m’ = moveTo 0 2 >> l ineTo 0 0 >> l ineTo 1 1 >> l ineTo 2 0 >> l ineTo 2 2
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65 glyph ’n ’ = moveTo 0 2 >> l ineTo 0 0 >> l ineTo 2 2 >> l ineTo 2 0
glyph ’ o ’ = moveTo 1 0 >> arc 1 1 1 (− pi /2) ( p i /2) >> arc 1 1 1 ( p i /2) (− pi /2)
glyph ’p ’ = moveTo 0 1 >> l ineTo 1 .5 1 >> arcNegat ive 1 .5 0 .5 0 . 5 ( p i /2) (− pi /2)⤦

Ç >> l ineTo 0 0 >> l ineTo 0 2
glyph ’q ’ = moveTo 1 0 >> arc 1 1 1 (− pi /2) ( p i /2) >> arc 1 1 1 ( p i /2) (− pi /2) ⤦

Ç >> moveTo 1 1 >> l ineTo 2 2
glyph ’ r ’ = moveTo 0 1 >> l ineTo 1 .5 1 >> arcNegat ive 1 .5 0 .5 0 . 5 ( p i /2) (− pi /2)⤦

Ç >> l ineTo 0 0 >> l ineTo 0 2 >> moveTo 1 1 >> l ineTo 2 2
70 glyph ’ s ’ = moveTo 2 0 >> l ineTo 0 .5 0 >> arcNegat ive 0 .5 0 .5 0 . 5 (− pi /2) ( p i /2)⤦

Ç >> l ineTo 1 .5 1 >> arc 1 .5 1 . 5 0 .5 (− pi /2) ( p i /2) >> l ineTo 0 2
glyph ’ t ’ = moveTo 0 0 >> l ineTo 2 0 >> moveTo 1 0 >> l ineTo 1 2
glyph ’u ’ = moveTo 0 0 >> l ineTo 0 1 >> arcNegat ive 1 1 1 p i 0 >> l ineTo 2 0
glyph ’v ’ = moveTo 0 0 >> l ineTo 0 1 >> l ineTo 1 2 >> l ineTo 2 1 >> l ineTo 2 0
glyph ’w’ = moveTo 0 0 >> l ineTo 0 2 >> l ineTo 1 1 >> l ineTo 2 2 >> l ineTo 2 0

75 glyph ’x ’ = moveTo 0 0 >> l ineTo 2 2 >> moveTo 2 0 >> l ineTo 0 2
glyph ’y ’ = moveTo 0 0 >> l ineTo 1 1 >> l ineTo 2 0 >> moveTo 1 1 >> l ineTo 1 2
glyph ’ z ’ = moveTo 0 0 >> l ineTo 2 0 >> l ineTo 0 2 >> l ineTo 2 2
glyph = return ( )

80 s t r i n g xs = do
save
l e t n = f romInteg ra l . l ength $ xs

s = 0 .5 / n
s c a l e s s

85 t r a n s l a t e 1 1
forM xs $ \c −> save >> s c a l e ( s q r t 0 . 5 ) ( s q r t 0 . 5 ) >> t r a n s l a t e (−1) (−1) >>⤦

Ç glyph c >> r e s t o r e >> t r a n s l a t e 2 0
setSourceRGB 0 0 0
setLineWidth 0 .5
s t r okePre s e rve

90 setSourceRGB 1 1 1
setLineWidth 0 .25
s t r oke
r e s t o r e
t r a n s l a t e 0 (1 / n)

95

t rack (name , w, y ) = do
save
t r a n s l a t e ( l i s t i ngWidth / l i s t i n gHe i g h t − w) y
s c a l e w w

100 s t r i n g name
r e s t o r e

menu mayday = do
setSourceRGBA 0 0 0 0

105 paint
setLineCap LineCapRound
se tL ineJo in LineJoinRound
save
s c a l e he ight he ight

110 forM ( z ip3 t ra ck s (map (/ l i s t i n gHe i g h t ) trackWidths ) ( s can l (+) 0 (map (/ ⤦
Ç l i s t i n gHe i g h t ) t rackHe ights ) ) ) t rack

r e s t o r e

main = do
image <− create ImageSur face FormatARGB32 width ( round he ight )

115 mayday <− r e adF i l e ”mayday . txt ”

40
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renderWith image (menu mayday)
surfaceWriteToPNG image ” cover . png”

33 todo/diagonals.hs

{−# LANGUAGE NoMonomorphismRestriction #−}

import Control .Monad ( forM , when)
import Data . L i s t ( z ip4 )

5 import Graphics . Rendering . Cairo

width = 2 ∗ pi ∗ he ight
he ight = 576

10 red = map (/255) [ 231 , 13 , 100 ]
orange = map (/255) [ 255 , 200 , 103 ]
green = map (/255) [ 153 , 255 , 53 ]
b lue = map (/255) [ 3 , 71 , 148 ]
b lack = map (/255) [ 0 , 0 , 0 ]

15

blend k = zipWith (\ a b −> a ∗ (1 − k ) + k ∗ b)

t ra ck s =
[ ” nightboat ”

20 , ” semaphore”
, ” prepare to be boarded”
, ”no quarte r ”
, ” sonar ”
, ” subte r fuge ”

25 , ” bulkhead c o l l a p s e ”
, ”man overboard ”
, ” i n f l a t a b l e ”
, ” a e ronau t i c s ”
, ” eng ine f a i l u r e ”

30 , ” f r e e f a l l ”
, ” c l o c topus ”
, ” f i s h e y e ”
, ”coda”
, ” bubb l i c i ou s ”

35 ]

durat i ons = [ 4390 , 3092 , 1978 , 935 , 1298 , 8200 , 2965 , 4995 , 3965 , 5213 , 3996 , ⤦
Ç 4765 , 6113 , 7892 , 4318 , 2667 ]

durat ion = sum durat ions

40 ( trackWidths , t rackHe ights ) = unzip $ zipWith f t r a ck s durat i ons
where

f name dur =
l e t area = aspect ˆ3 −− r e c i p $ dur / durat ion

aspect = f romInteg ra l ( l ength name)
45 −− area = w ∗ h , w = aspect h −> area = aspect (hˆ2) −> h = sq r t ( area⤦

Ç / aspect )
in ( sq r t ( aspect ∗ area ) , s q r t ( area / aspect ) )

ho r i z on t a l = sum . map f s t . f i l t e r ( even . snd ) . ( ‘ z ip ‘ [ 0 . . ] ) $ trackWidths
v e r t i c a l = sum . map f s t . f i l t e r ( odd . snd ) . ( ‘ z ip ‘ [ 0 . . ] ) $ trackWidths

50 i n c l i n e = atan2 v e r t i c a l ’ ho r i zonta l ’
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hor i zonta l ’ = sum . map f s t . f i l t e r ( even . snd ) . ( ‘ z ip ‘ [ 0 . . ] ) $ t rackHe ights
v e r t i c a l ’ = sum . map f s t . f i l t e r ( odd . snd ) . ( ‘ z ip ‘ [ 0 . . ] ) $ t rackHe ights
d iagona l = sq r t $ hor i zonta l ’ ˆ2 + v e r t i c a l ’ ˆ2

55

s t r i n g xs = do
save
l e t n = f romInteg ra l . l ength $ xs

s = 0 .5 / n
60 s c a l e s s

t r a n s l a t e 1 n
forM xs $ \c −> save >> s c a l e ( s q r t 0 . 5 ) ( s q r t 0 . 5 ) >> t r a n s l a t e (−1) (−1) >>⤦

Ç glyph c >> r e s t o r e >> t r a n s l a t e 2 0
setSourceRGB 0 0 0
setLineWidth 0 .5

65 s t r okePre s e rve
setSourceRGB 1 1 1
setLineWidth 0 .25
s t r oke
r e s t o r e

70

menu = do
setSourceRGBA 0 0 0 0
pa int
setLineCap LineCapRound

75 s e tL ineJo in LineJoinRound
save
t r a n s l a t e 0 ( he ight ∗ 3 / 4)
l e t s = width / d iagona l
s c a l e s s

80 r o t a t e (− i n c l i n e )
forM ( z ip4 [ 0 . . ] t r a ck s trackWidths t rackHe ights ) $ \(number , track , w, h) −>⤦

Ç do
save
s c a l e h h
ro t a t e $ i f even number then 0 e l s e p i /2

85 t r a n s l a t e 0 ( −0 .5)
s t r i n g $ ” ” ++ track ++ ” ”
r e s t o r e
i f even number then t r a n s l a t e h 0 e l s e t r a n s l a t e 0 h

r e s t o r e
90

main = do
image <− create ImageSur face FormatARGB32 ( round width ) he ight
renderWith image menu
surfaceWriteToPNG image ”menu . png”

95

glyph ’ a ’ = moveTo 0 2 >> l ineTo 0 1 >> arc 1 1 1 p i 0 >> l ineTo 2 2 >> moveTo 0⤦
Ç 1 >> l ineTo 2 1

glyph ’b ’ = moveTo 0 1 >> l ineTo 1 .5 1 >> arcNegat ive 1 .5 0 .5 0 . 5 ( p i /2) (− pi /2)⤦
Ç >> l ineTo 0 0 >> l ineTo 0 2 >> l ineTo 1 .5 2 >> arcNegat ive 1 .5 1 .5 0 . 5 (⤦
Ç pi /2) (− pi /2)

glyph ’ c ’ = moveTo 2 0 >> l ineTo 1 0 >> arcNegat ive 1 1 1 (− pi /2) ( p i /2) >> ⤦
Ç l ineTo 2 2

100 glyph ’d ’ = moveTo 1 0 >> l ineTo 0 0 >> l ineTo 0 2 >> l ineTo 1 2 >> arcNegat ive ⤦
Ç 1 1 1 ( p i /2) (− pi /2)

42



incidents todo/mayday.txt

glyph ’ e ’ = moveTo 2 0 >> l ineTo 0 0 >> l ineTo 0 2 >> l ineTo 2 2 >> moveTo 0 1 ⤦
Ç >> l ineTo 1 1

glyph ’ f ’ = moveTo 2 0 >> l ineTo 0 0 >> l ineTo 0 2 >> moveTo 0 1 >> l ineTo 1 1
glyph ’ g ’ = moveTo 2 0 >> l ineTo 1 0 >> arcNegat ive 1 1 1 (− pi /2) 0 >> l ineTo 1 ⤦

Ç 1
glyph ’h ’ = moveTo 0 0 >> l ineTo 0 2 >> moveTo 0 1 >> l ineTo 2 1 >> moveTo 2 0 ⤦

Ç >> l ineTo 2 2
105 glyph ’ i ’ = moveTo 0 0 >> l ineTo 2 0 >> moveTo 1 0 >> l ineTo 1 2 >> moveTo 0 2 ⤦

Ç >> l ineTo 2 2
glyph ’ j ’ = moveTo 0 0 >> l ineTo 2 0 >> moveTo 0 2 >> arcNegat ive 0 1 1 ( p i /2) 0⤦

Ç >> l ineTo 1 0
glyph ’k ’ = moveTo 0 0 >> l ineTo 0 2 >> moveTo 0 1 >> l ineTo 1 1 >> l ineTo 2 0 ⤦

Ç >> moveTo 1 1 >> l ineTo 2 2
glyph ’ l ’ = moveTo 0 0 >> l ineTo 0 2 >> l ineTo 2 2
glyph ’m’ = moveTo 0 2 >> l ineTo 0 0 >> l ineTo 1 1 >> l ineTo 2 0 >> l ineTo 2 2

110 glyph ’n ’ = moveTo 0 2 >> l ineTo 0 0 >> l ineTo 2 2 >> l ineTo 2 0
glyph ’ o ’ = moveTo 1 0 >> arc 1 1 1 (− pi /2) ( p i /2) >> arc 1 1 1 ( p i /2) (− pi /2)
glyph ’p ’ = moveTo 0 1 >> l ineTo 1 .5 1 >> arcNegat ive 1 .5 0 .5 0 . 5 ( p i /2) (− pi /2)⤦

Ç >> l ineTo 0 0 >> l ineTo 0 2
glyph ’q ’ = moveTo 1 0 >> arc 1 1 1 (− pi /2) ( p i /2) >> arc 1 1 1 ( p i /2) (− pi /2) ⤦

Ç >> moveTo 1 1 >> l ineTo 2 2
glyph ’ r ’ = moveTo 0 1 >> l ineTo 1 .5 1 >> arcNegat ive 1 .5 0 .5 0 . 5 ( p i /2) (− pi /2)⤦

Ç >> l ineTo 0 0 >> l ineTo 0 2 >> moveTo 1 1 >> l ineTo 2 2
115 glyph ’ s ’ = moveTo 2 0 >> l ineTo 0 .5 0 >> arcNegat ive 0 .5 0 .5 0 . 5 (− pi /2) ( p i /2)⤦

Ç >> l ineTo 1 .5 1 >> arc 1 .5 1 . 5 0 .5 (− pi /2) ( p i /2) >> l ineTo 0 2
glyph ’ t ’ = moveTo 0 0 >> l ineTo 2 0 >> moveTo 1 0 >> l ineTo 1 2
glyph ’u ’ = moveTo 0 0 >> l ineTo 0 1 >> arcNegat ive 1 1 1 p i 0 >> l ineTo 2 0
glyph ’v ’ = moveTo 0 0 >> l ineTo 0 1 >> l ineTo 1 2 >> l ineTo 2 1 >> l ineTo 2 0
glyph ’w’ = moveTo 0 0 >> l ineTo 0 2 >> l ineTo 1 1 >> l ineTo 2 2 >> l ineTo 2 0

120 glyph ’x ’ = moveTo 0 0 >> l ineTo 2 2 >> moveTo 2 0 >> l ineTo 0 2
glyph ’y ’ = moveTo 0 0 >> l ineTo 1 1 >> l ineTo 2 0 >> moveTo 1 1 >> l ineTo 1 2
glyph ’ z ’ = moveTo 0 0 >> l ineTo 2 0 >> l ineTo 0 2 >> l ineTo 2 2
glyph = return ( )

34 todo/mayday.txt

. . . − − − . . .
MAYDAY MAYDAY MAYDAY
THIS IS
MAXIMUS MAXIMUS MAXIMUS

5 MAYDAY MAXIMUS
POSITION 51 50 NORTH 12 62 EAST
WE ARE LOST IN FOG
WITH DAMAGED INSTRUMENTS
REQUIRE DIVINE INTERVENTION

10 WE ARE 1 PERSON ABOARD OVER
. . . − − − . . .
x

35 todo/packed.hs

{−# LANGUAGE NoMonomorphismRestriction #−}

import Control .Monad ( forM )
import Data . Char ( toLower )

5 import Graphics . Rendering . Cairo
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width = 2167
he ight = width ∗ sum (map ( r e c i p . f r omInteg ra l . l ength ) t r a ck s )

10 red = map (/255) [ 231 , 13 , 100 ]
orange = map (/255) [ 255 , 200 , 103 ]
green = map (/255) [ 153 , 255 , 53 ]
b lue = map (/255) [ 3 , 71 , 148 ]
b lack = map (/255) [ 0 , 0 , 0 ]

15

blend k = zipWith (\ a b −> a ∗ (1 − k ) + k ∗ b)

t ra ck s =
[ ” nightboat ”

20 , ” semaphore”
, ” prepare to be boarded”
, ”no quarte r ”
, ” sonar ”
, ” subte r fuge ”

25 , ” bulkhead c o l l a p s e ”
, ”man overboard ”
, ” i n f l a t a b l e ”
, ” a e ronau t i c s ”
, ” eng ine f a i l u r e ”

30 , ” f r e e f a l l ”
, ” c l o c topus ”
, ” f i s h e y e ”
, ”coda”
, ” bubb l i c i ou s ”

35 ]

l eng th s = [ 4390 , 3092 , 1978 , 935 , 1298 , 8200 , 2965 , 4995 , 3965 , 5213 , 3996 , ⤦
Ç 4765 , 6113 , 7892 , 4318 , 2667 ]

glyph ’ a ’ = moveTo 0 2 >> l ineTo 0 1 >> arc 1 1 1 p i 0 >> l ineTo 2 2 >> moveTo 0⤦
Ç 1 >> l ineTo 2 1

40 glyph ’b ’ = moveTo 0 1 >> l ineTo 1 .5 1 >> arcNegat ive 1 .5 0 .5 0 . 5 ( p i /2) (− pi /2)⤦
Ç >> l ineTo 0 0 >> l ineTo 0 2 >> l ineTo 1 .5 2 >> arcNegat ive 1 .5 1 .5 0 . 5 (⤦
Ç pi /2) (− pi /2)

glyph ’ c ’ = moveTo 2 0 >> l ineTo 1 0 >> arcNegat ive 1 1 1 (− pi /2) ( p i /2) >> ⤦
Ç l ineTo 2 2

glyph ’d ’ = moveTo 1 0 >> l ineTo 0 0 >> l ineTo 0 2 >> l ineTo 1 2 >> arcNegat ive ⤦
Ç 1 1 1 ( p i /2) (− pi /2)

glyph ’ e ’ = moveTo 2 0 >> l ineTo 0 0 >> l ineTo 0 2 >> l ineTo 2 2 >> moveTo 0 1 ⤦
Ç >> l ineTo 1 1

glyph ’ f ’ = moveTo 2 0 >> l ineTo 0 0 >> l ineTo 0 2 >> moveTo 0 1 >> l ineTo 1 1
45 glyph ’ g ’ = moveTo 2 0 >> l ineTo 1 0 >> arcNegat ive 1 1 1 (− pi /2) 0 >> l ineTo 1 ⤦

Ç 1
glyph ’h ’ = moveTo 0 0 >> l ineTo 0 2 >> moveTo 0 1 >> l ineTo 2 1 >> moveTo 2 0 ⤦

Ç >> l ineTo 2 2
glyph ’ i ’ = moveTo 0 0 >> l ineTo 2 0 >> moveTo 1 0 >> l ineTo 1 2 >> moveTo 0 2 ⤦

Ç >> l ineTo 2 2
glyph ’ j ’ = moveTo 0 0 >> l ineTo 2 0 >> moveTo 0 2 >> arcNegat ive 0 1 1 ( p i /2) 0⤦

Ç >> l ineTo 1 0
glyph ’k ’ = moveTo 0 0 >> l ineTo 0 2 >> moveTo 0 1 >> l ineTo 1 1 >> l ineTo 2 0 ⤦

Ç >> moveTo 1 1 >> l ineTo 2 2
50 glyph ’ l ’ = moveTo 0 0 >> l ineTo 0 2 >> l ineTo 2 2
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glyph ’m’ = moveTo 0 2 >> l ineTo 0 0 >> l ineTo 1 1 >> l ineTo 2 0 >> l ineTo 2 2
glyph ’n ’ = moveTo 0 2 >> l ineTo 0 0 >> l ineTo 2 2 >> l ineTo 2 0
glyph ’ o ’ = moveTo 1 0 >> arc 1 1 1 (− pi /2) ( p i /2) >> arc 1 1 1 ( p i /2) (− pi /2)
glyph ’p ’ = moveTo 0 1 >> l ineTo 1 .5 1 >> arcNegat ive 1 .5 0 .5 0 . 5 ( p i /2) (− pi /2)⤦

Ç >> l ineTo 0 0 >> l ineTo 0 2
55 glyph ’q ’ = moveTo 1 0 >> arc 1 1 1 (− pi /2) ( p i /2) >> arc 1 1 1 ( p i /2) (− pi /2) ⤦

Ç >> moveTo 1 1 >> l ineTo 2 2
glyph ’ r ’ = moveTo 0 1 >> l ineTo 1 .5 1 >> arcNegat ive 1 .5 0 .5 0 . 5 ( p i /2) (− pi /2)⤦

Ç >> l ineTo 0 0 >> l ineTo 0 2 >> moveTo 1 1 >> l ineTo 2 2
glyph ’ s ’ = moveTo 2 0 >> l ineTo 0 .5 0 >> arcNegat ive 0 .5 0 .5 0 . 5 (− pi /2) ( p i /2)⤦

Ç >> l ineTo 1 .5 1 >> arc 1 .5 1 . 5 0 .5 (− pi /2) ( p i /2) >> l ineTo 0 2
glyph ’ t ’ = moveTo 0 0 >> l ineTo 2 0 >> moveTo 1 0 >> l ineTo 1 2
glyph ’u ’ = moveTo 0 0 >> l ineTo 0 1 >> arcNegat ive 1 1 1 p i 0 >> l ineTo 2 0

60 glyph ’v ’ = moveTo 0 0 >> l ineTo 0 1 >> l ineTo 1 2 >> l ineTo 2 1 >> l ineTo 2 0
glyph ’w’ = moveTo 0 0 >> l ineTo 0 2 >> l ineTo 1 1 >> l ineTo 2 2 >> l ineTo 2 0
glyph ’x ’ = moveTo 0 0 >> l ineTo 2 2 >> moveTo 2 0 >> l ineTo 0 2
glyph ’y ’ = moveTo 0 0 >> l ineTo 1 1 >> l ineTo 2 0 >> moveTo 1 1 >> l ineTo 1 2
glyph ’ z ’ = moveTo 0 0 >> l ineTo 2 0 >> l ineTo 0 2 >> l ineTo 2 2

65 glyph = return ( )

s t r i n g xs = do
save
l e t n = f romInteg ra l . l ength $ xs

70 s = 0 .5 / n
s c a l e s s
t r a n s l a t e 1 1
forM xs $ \c −> save >> s c a l e ( s q r t 0 . 5 ) ( s q r t 0 . 5 ) >> t r a n s l a t e (−1) (−1) >>⤦

Ç glyph c >> r e s t o r e >> t r a n s l a t e 2 0
setSourceRGB 0 0 0

75 setLineWidth 0 .5
s t r okePre s e rve
setSourceRGB 1 1 1
setLineWidth 0 .25
s t r oke

80 r e s t o r e
t r a n s l a t e 0 (1 / n)

menu = do
setSourceRGBA 0 0 0 0

85 paint
setLineCap LineCapRound
se tL ineJo in LineJoinRound
save
s c a l e width width

90 forM track s s t r i n g
r e s t o r e

main = do
image <− create ImageSur face FormatARGB32 width ( round he ight )

95 renderWith image menu
surfaceWriteToPNG image ”menu . png”
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