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1 AUTHORS

Claude Heiland −Allen <claude@mathr . co . uk>

2 cathedral-algorithms/audio.sh

#!/bin /bash
STEMS=$ ( l s −1 out | grep ” . txt$ ” | sed ” s | . txt$ | | ” )
SOURCES=$ ( f o r STEM in ${STEMS} ; do echo ${STEM} ; done | sed ” s | − . ∗ | | ” | s o r t⤦

Ç | uniq )
f o r SOURCE in ${SOURCES}

5 do
SINKS=$ ( f o r STEM in ${STEMS} ; do echo ${STEM} ; done | grep ”ˆ${SOURCE} − ”)
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WARMUP=$ ( f o r STEM in ${STEMS} ; do echo ${STEM} ; done | grep ” − $ {SOURCE}$” ⤦
Ç | head −n 1)

f o r SINK in ${SINKS}
do

10 pd −nopre f s −noaudio −nogui − s t d e r r −r 48000 −open ” ca thedra l . pd” −send ”⤦
Ç SETUP out/${WARMUP} . tx t out/${SINK} . tx t out/${SINK} . wav”

done
done

3 cathedral-algorithms/Cathedral.hs

module Main (main ) where

import Graphics . UI .GLUT hid ing (Green , rotate , Render )
import Data . IORef

5 import Data . L i s t ( sortBy )
import Data . Ord( comparing )
import Control .Monad( l i f tM , when)
import System .Random( getStdGen , randoms )
import Data . Time(UTCTime(UTCTime) , fromGregorian , secondsToDiffTime , ⤦

Ç getCurrentTime , diffUTCTime )
10 import System . IO( withBinaryFi le , Handle ( ) , IOMode(ReadMode , WriteMode ) , ⤦

Ç openBinaryFi le , hClose , hPutStrLn , hGetBuf )
import System . Fi lePath ((</>) )
import System . Exit ( e x i tFa i l u r e , e x i t Su c c e s s )
import Fore ign . Marshal . A l loc ( a l l o caByte s )

15 import Snapshot

record : : Bool
record = True

20 segments : : Int
segments = 2

winWidth : : GLs ize i
winWidth = 1044

25

winHeight : : GLs ize i
winHeight = 336

count : : Int
30 count = 25

chunk : : Int −> [ a ] −> [ [ a ] ]
chunk [ ] = [ ]
chunk n l s = l e t ( xs , ys ) = sp l i tA t n l s in xs : chunk n ys

35

data Ce l l = Green | White | Orange
de r i v i ng (Read , Show , Eq , Ord , Enum, Bounded )

ch i l d : : ( Cel l , Bool ) −> ( ( Cel l , Bool ) , ( Cel l , Bool ) )
40 ch i l d (Green , b) = i f b then ( ( Orange , not b) , (White , not b) )

e l s e ( (White , not b) , (Orange , not b) )
c h i l d (White , b ) = i f b then ( ( Green , not b) , (Orange , not b) )

e l s e ( ( Orange , not b) , (Green , not b) )
c h i l d (Orange , b ) = i f b then ( (White , not b) , (Green , not b) )
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45 e l s e ( ( Green , not b) , (White , not b) )

r o t a t e : : ( Cel l , Bool ) −> ( Cel l , Bool )
r o t a t e t@( , b) = l e t ( c , ) = f s t ( c h i l d t ) in ( c , b )

50 f romBits : : [ Bool ] −> GLdouble
fromBits = f o l d r (\b s −> ( i f b then 0 .5 e l s e 0) + 0 .5 ∗ s ) 0

data World = World
{ wTop : : ( Cel l , Bool )

55 , wBits : : [ Bool ]
, wDelta : : GLdouble
}

world0 : : World
60 world0 = World

{ wTop = (Green , Fa l se )
, wBits = repeat Fa l se
, wDelta = 0
}

65

data Render = Render
{ rPlan : : [ ( World , Fi lePath ) ]
, rVideo : : Maybe Handle
, rScore : : Maybe Handle

70 , rCorners : : (GLdouble , GLdouble , GLdouble , GLdouble )
, rTex : : Ce l l −> TextureObject
, rFrames : : Int
, rTota l : : Int
, rNow : : GLdouble

75 , rTime : : GLdouble
}

render0 : : Render
render0 = Render

80 { rPlan = [ ]
, rVideo = Nothing
, rScore = Nothing
, rCorners = (0 , 0 , 0 , 0)
, rTex = e r r o r ”rTex”

85 , rFrames = 0
, rTota l = 0
, rNow = 0
, rTime = 0
}

90

reshape : : IORef Render −> S i z e −> IO ( )
reshape renderRef vp@( S i z e w h) = do

l e t cs@ (x0 , x1 , y0 , y1 ) = l e t v = f romInteg ra l w / f romInteg ra l h
in (−v/8 , v/8 , 0 , 0 . 2 5 )

95 writeIORef renderRef . (\ r r −> r r { rCorners = cs }) =<< readIORef renderRef
viewport $= ( Pos i t i on 0 0 , vp )
matrixMode $= Pro j e c t i on
l o ad Id en t i t y
ortho x0 x1 y0 y1 (−1) 1

100 matrixMode $= Modelview 0
l o ad Id en t i t y
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postRedi sp lay Nothing

s t a r t : : IORef Render −> IO ( )
105 s t a r t renderRef = do

r r <− readIORef renderRef
when ( nu l l ( rPlan r r ) ) e x i t Su c c e s s
l e t ( , nn ) = head ( rPlan r r )
case ( rVideo rr , rScore r r ) o f

110 ( Nothing , Nothing ) −> do
hv <− openBinaryFi le (” out” </> nn ++ ” .ppm”) WriteMode
hs <− openBinaryFi le (” out” </> nn ++ ” . txt ”) WriteMode
writeIORef renderRef r r

{ rVideo = Just hv
115 , rScore = Just hs

, rFrames = 0
, rTota l = 0
, rNow = 0
, rTime = 0

120 }
−> e r r o r ” s t a r t ”

stop : : IORef Render −> IO ( )
stop renderRef = do

125 r r <− readIORef renderRef
when ( not . nu l l . rPlan $ r r ) $ do

case ( rVideo rr , rScore r r ) o f
( Just hv , Just hs ) −> do

hClose hv
130 hClose hs

writeIORef renderRef r r
{ rPlan = t a i l ( rPlan r r )
, rVideo = Nothing
, rScore = Nothing

135 }
−> e r r o r ” stop ”

step ’ : : World −> World
step ’ ww = ww

140 { wTop = ( i f head ( wBits ww) then snd e l s e r o t a t e . f s t ) ( c h i l d (wTop ww) )
, wBits = t a i l ( wBits ww)
, wDelta = fromBits . take 64 . t a i l . wBits $ ww
}

145 s tep : : IORef Render −> IO ( )
s tep renderRef = do

r r <− readIORef renderRef
l e t (ww, nn) : pp = rPlan r r

rr ’ = i f rFrames r r + 1 == count
150 then r r { rPlan = ( step ’ ww, nn) : pp

, rFrames = 0
, rTime = 0
, rTota l = rTota l r r + 1
}

155 e l s e r r { rFrames = rFrames r r + 1
, rTime = f romInteg ra l ( rFrames r r + 1) / f r omInteg ra l count
}

writeIORef renderRef rr ’
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when ( rTota l rr ’ == 60) $ do
160 stop renderRef

s t a r t renderRef

simulateNRT : : Int −> IORef Render −> IO ( )
simulateNRT mspf renderRef = do

165 s tep renderRef
postRedi sp lay Nothing
addTimerCallback mspf $ simulateNRT mspf renderRef

simulateRT : : Int −> IORef Render −> IO ( )
170 simulateRT = simulateNRT {− mspf renderRef = do

r r <− readIORef renderRef
tnow <− utcr
l e t t = tnow − rNow r r
when ( t >= 1) $ s tep renderRef

175 rr ’ <− readIORef renderRef
writeIORef renderRef rr ’{ rTime = tnow − rNow rr ’ }
postRedi sp lay Nothing
addTimerCallback mspf $ simulateRT mspf renderRef

−}
180

d i sp l ay : : IORef Render −> IO ( )
d i sp l ay renderRef = do

r <− readIORef renderRef
l e t w = f s t . head . rPlan $ r

185 d <− i f r ecord then return ( rTime r ) e l s e subt rac t (rNow r ) ‘ l i f tM ‘ utcr
l e t t = wTop w

de l t a = wDelta w
ds = 2 ∗∗ d
x0 = ( de l t a − 2) ∗ ds

190 x1 = ( de l t a + 2) ∗ ds
y0 = 0
y1 = 4 ∗ ds
( cx0 , cx1 , cy0 , cy1 ) = rCorners r

c l e a r [ Co lorBuf f e r ]
195 blend $= Enabled

blendFunc $= ( SrcAlpha , OneMinusSrcAlpha )
t ex ture Texture2D $= Enabled
drawTiles ( rTex r ) cx0 cy0 cx1 cy1 x0 y0 x1 y1 t
textureBind ing Texture2D $= Nothing

200 t ex ture Texture2D $= Disabled
swapBuffers
when record $ do

l e t Just hv = rVideo r
Just hs = rScore r

205 hSnapshot hv ( Pos i t i on 0 0) ( S i z e winWidth winHeight )
when ( rFrames r == 0) $ do

l e t scorePart (x , c ) = ”new ” ++ show x ++ ” ” ++ show (fromEnum c ) ++ ” , ⤦
Ç ”
s = concatMap scorePart . take 9 . sortBy ( comparing ( abs . f s t ) ) . ⤦

Ç getTileRow x0 y0 x1 y1 t $ 8
hPutStrLn hs ( s ++ ”done ; ” )

210

getTileRow : : GLdouble −> GLdouble −> GLdouble −> GLdouble −> ( Cel l , Bool ) −> ⤦

Ç Int −> [ ( GLdouble , Ce l l ) ]
getTileRow x0 y0 x1 y1 t n | n > 0 = l e t x2 = ( x0 + x1 ) / 2
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y2 = ( y0 + y1 ) / 2
( l , r ) = ch i l d t

215 m = n − 1
in getTileRow x0 y0 x2 y2 l m ++

getTileRow x2 y0 x1 y2 r m
| otherw i s e = l e t x = ( x0 + x1 ) / 2

( c , ) = t
220 in [ ( x , c ) ]

drawTi les : : ( Ce l l −> TextureObject ) −> GLdouble −> GLdouble −> GLdouble −> ⤦

Ç GLdouble −> GLdouble −> GLdouble −> GLdouble −> GLdouble −> ( Cel l , Bool ) ⤦
Ç −> IO ( )

drawTiles tex cx0 cy0 cx1 cy1 x0 y0 x1 y1 t@( c , ) = do
l e t ou t s id e = or [ x1 < cx0 , cx1 < x0 , y1 < cy0 , cy1 < y0 ]

225 when ( not out s i d e ) $ do
textureBind ing Texture2D $= Just ( tex c )
r ende rPr imi t i v e Quads $ do

l e t tc , v : : GLdouble −> GLdouble −> IO ( )
tc x y = texCoord $ TexCoord2 x y

230 v x y = vertex $ Vertex2 x y
c o l o r $ Color3 1 1 ( 1 : : GLdouble )
tc 0 1 >> v x0 y0
tc 0 0 >> v x0 y1
tc 1 0 >> v x1 y1

235 tc 1 1 >> v x1 y0
l e t smal l = abs ( ( ( x1 − x0 ) ∗ ( y1 − y0 ) ) / ( ( cx1 − cx0 ) ∗ ( cy1 − cy0 ) ) ) < ⤦

Ç 0.00001
when ( not smal l ) $ do

l e t x2 = ( x0 + x1 ) / 2
y2 = ( y0 + y1 ) / 2

240 ( l , r ) = ch i l d t
drawTiles tex cx0 cy0 cx1 cy1 x0 y0 x2 y2 l
drawTi les tex cx0 cy0 cx1 cy1 x2 y0 x1 y2 r

t ex tu r e s : : TextureObject −> TextureObject −> TextureObject −> Ce l l −> ⤦

Ç TextureObject
245 t ex tu r e s g Green = g

t ex tu r e s w White = w
tex tu r e s o Orange = o

main : : IO ( )
250 main = do

l e t w = winWidth
h = winHeight
v = f romInteg ra l w / f romInteg ra l h
cs = (−v/8 , v/8 , 0 , 0 . 2 5 )

255 mspf = 1000 ‘ div ‘ count
in i t i a lWindowSize $= Size w h
in i t i a lD i sp l ayMode $= [RGBAMode, DoubleBuffered ]

<− ge tArg sAnd In i t i a l i z e
<− createWindow ”Cathedral Algorithms”

260 green <− loadTexture ” green . rgba”
white <− loadTexture ”white . rgba”
orange <− loadTexture ” orange . rgba”
g <− getStdGen
tnow <− utcr

265 l e t b i t s = randoms g
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numbers = take segments ( chunk 60 b i t s )
plan =

[ ( world , name)
| c1 <− [ Green , White , Orange ]

270 , n1 <− numbers
, n2 <− numbers
, l e t n = n1 ++ n2
, l e t world = world0

{ wTop = ( c1 , Fa l se )
275 , wBits = cyc l e n

, wDelta = fromBits . take 64 . c y c l e $ n
}

, l e t c2 = f s t . wTop . ( ! ! 60) . i t e r a t e step ’ $ world
, l e t name = show (fromEnum c1 ) ++ ” ” ++ map b i t n1 ++ ” − ”

280 ++ show (fromEnum c2 ) ++ ” ” ++ map b i t n2
]

b i t b = i f b then ’1 ’ e l s e ’0 ’
renderRef <− newIORef render0

{ rPlan = plan
285 , rTex = tex tu r e s green white orange

, rCorners = cs
, rNow = tnow
}

s t a r t renderRef
290 d i sp layCa l lback $= di sp l ay renderRef

reshapeCal lback $= Just ( reshape renderRef )
addTimerCallback mspf $ ( i f r ecord then simulateNRT e l s e simulateRT ) mspf ⤦

Ç renderRef
mainLoop

295 loadTexture : : Fi lePath −> IO TextureObject
loadTexture f = do

withBinaryFi l e f ReadMode $ \h −> do
l e t bytes = 1024 ∗ 1024 ∗ 4
a l l o caByte s bytes $ \ p i x e l s −> do

300 bytes ’ <− hGetBuf h p i x e l s bytes
when ( bytes ’ /= bytes ) e x i tF a i l u r e
[ tex ] <− genObjectNames 1
tex ture Texture2D $= Enabled
textureBind ing Texture2D $= Just tex

305 build2DMipmaps Texture2D RGBA’ 1024 1024
( PixelData RGBA UnsignedByte p i x e l s )

textureWrapMode Texture2D S $= (Repeated , ClampToEdge)
textureWrapMode Texture2D T $= (Repeated , ClampToEdge)
textureBind ing Texture2D $= Nothing

310 t ex ture Texture2D $= Disabled
return tex

−− the se two func t i on s copied from hosc /Sound . OpenSoundControl . Time
utc base : : UTCTime

315 utc base = UTCTime ( fromGregorian 1970 1 1) ( secondsToDiffTime 0)
utcr : : IO GLdouble
utcr = do t <− getCurrentTime ; re turn ( realToFrac ( diffUTCTime t utc base ) )

4 cathedral-algorithms/cathedral.pd

#N canvas 48 0 810 672 10 ;

9



dr1 cathedral-algorithms/cathedral.pd

#X obj 60 291 catch ˜ \$0− l e f t ;
#X obj 164 290 catch ˜ \$0− r i g h t ;
#X msg 371 593 c l e a r ;

5 #X obj 308 474 l i s t prepend \$0 ;
#X obj 308 441 route new done ;
#X msg 347 512 loadbang ;
#X obj 462 98 + 1 ;
#X obj 431 97 f 0 ;

10 #N canvas 0 0 450 300 \$0−arches −0 0 ;
#X r e s t o r e 17 14 pd \$0−arches −0;
#N canvas 0 0 450 300 \$0−arches −1 0 ;
#X r e s t o r e 17 34 pd \$0−arches −1;
#N canvas 0 0 450 300 \$0−arches −2 0 ;

15 #X r e s t o r e 17 54 pd \$0−arches −2;
#N canvas 0 0 450 300 \$0−arches −3 0 ;
#X r e s t o r e 17 74 pd \$0−arches −3;
#N canvas 0 0 450 300 \$0−arches −4 0 ;
#X r e s t o r e 17 94 pd \$0−arches −4;

20 #N canvas 0 0 450 300 \$0−arches −5 0 ;
#X r e s t o r e 17 114 pd \$0−arches −5;
#N canvas 361 299 450 300 \$0−arches −6 0 ;
#X r e s t o r e 17 134 pd \$0−arches −6;
#N canvas 0 0 450 300 \$0−arches −7 0 ;

25 #X r e s t o r e 17 154 pd \$0−arches −7;
#X obj 371 637 s ;
#X obj 411 464 f 0 ;
#X obj 448 464 + 1 ;
#X obj 376 571 t b a ;

30 #N canvas 0 0 450 300 \$0−arches −8 0 ;
#X r e s t o r e 17 174 pd \$0−arches −8;
#N canvas 0 0 450 300 \$0−arches −9 0 ;
#X r e s t o r e 17 194 pd \$0−arches −9;
#N canvas 0 0 450 300 \$0−arches −10 0 ;

35 #X r e s t o r e 117 14 pd \$0−arches −10;
#N canvas 0 0 450 300 \$0−arches −11 0 ;
#X r e s t o r e 117 34 pd \$0−arches −11;
#N canvas 0 0 450 300 \$0−arches −12 0 ;
#X r e s t o r e 117 54 pd \$0−arches −12;

40 #N canvas 0 0 450 300 \$0−arches −13 0 ;
#X r e s t o r e 117 74 pd \$0−arches −13;
#N canvas 0 0 450 300 \$0−arches −14 0 ;
#X r e s t o r e 117 94 pd \$0−arches −14;
#N canvas 0 0 450 300 \$0−arches −15 0 ;

45 #X r e s t o r e 117 114 pd \$0−arches −15;
#N canvas 0 0 450 300 \$0−arches −16 0 ;
#X r e s t o r e 117 134 pd \$0−arches −16;
#N canvas 0 0 450 300 \$0−arches −17 0 ;
#X r e s t o r e 117 154 pd \$0−arches −17;

50 #N canvas 0 0 450 300 \$0−arches −18 0 ;
#X r e s t o r e 117 174 pd \$0−arches −18;
#N canvas 0 0 450 300 \$0−arches −19 0 ;
#X r e s t o r e 117 194 pd \$0−arches −19;
#N canvas 0 0 450 300 \$0−arches −20 0 ;

55 #X r e s t o r e 227 14 pd \$0−arches −20;
#N canvas 0 0 450 300 \$0−arches −21 0 ;
#X r e s t o r e 227 34 pd \$0−arches −21;
#N canvas 0 0 450 300 \$0−arches −22 0 ;

10



dr1 cathedral-algorithms/cathedral.pd

#X r e s t o r e 227 54 pd \$0−arches −22;
60 #N canvas 0 0 450 300 \$0−arches −23 0 ;

#X r e s t o r e 227 74 pd \$0−arches −23;
#N canvas 0 0 450 300 \$0−arches −24 0 ;
#X r e s t o r e 227 94 pd \$0−arches −24;
#N canvas 0 0 450 300 \$0−arches −25 0 ;

65 #X r e s t o r e 227 114 pd \$0−arches −25;
#N canvas 0 0 450 300 \$0−arches −26 0 ;
#X r e s t o r e 227 134 pd \$0−arches −26;
#N canvas 0 0 450 300 \$0−arches −27 0 ;
#X r e s t o r e 227 154 pd \$0−arches −27;

70 #N canvas 0 0 450 300 \$0−arches −28 0 ;
#X r e s t o r e 227 174 pd \$0−arches −28;
#N canvas 0 0 450 300 \$0−arches −29 0 ;
#X r e s t o r e 227 194 pd \$0−arches −29;
#X obj 448 486 mod 30 ;

75 #X obj 113 260 send˜ \$0−phase ;
#X msg 308 540 obj 10 10 organ−pipe \$1 \$2 \$3 ;
#X obj 113 235 phasor ˜ 8 ;
#X obj 164 347 expr ˜ tanh ( $v1 ) ;
#X obj 61 347 expr ˜ tanh ( $v1 ) ;

80 #X obj 584 619 s o und f i l e r ;
#X obj 584 570 l i s t append \$0− l \$0−r ;
#X obj 584 543 symbol ;
#X obj 61 385 tabwr i t e ˜ \$0− l ;
#X obj 164 384 tabwr i t e ˜ \$0−r ;

85 #X obj 164 322 ∗˜ 0 . 1 2 5 ;
#X obj 61 321 ∗˜ 0 . 1 2 5 ;
#X msg 584 593 wr i t e −wave −bytes 2 \$1 \$2 \$3 ;
#X obj 548 81 l i s t append ;
#X obj 344 60 de lay 1000 ;

90 #X msg 357 84 \ ; pd dsp 1 ;
#X obj 344 121 de lay 1000 ;
#X obj 431 149 p r i n t p rog r e s s ;
#X obj 427 411 t e x t f i l e ;
#X msg 517 411 0 ;

95 #X msg 582 150 read \$1 \ , rewind ;
#X obj 548 101 unpack s s s ;
#X obj 497 483 de lay 1000 ;
#X obj 497 574 de lay 1000 ;
#X msg 497 600 \ ; pd qu i t ;

100 #X obj 472 433 sp i go t 1 ;
#X msg 548 130 read \$1 \ , rewind ;
#X obj 363 272 t e x t f i l e ;
#X obj 344 171 metro 1000 ;
#X obj 363 243 un t i l ;

105 #X msg 363 220 10 ;
#X msg 408 226 \ ; pd dsp 0 ;
#X msg 299 223 \ ; pd dsp 1 ;
#X msg 453 276 0 ;
#X obj 408 298 sp i go t 1 ;

110 #X obj 408 320 metro 1000 ;
#X obj 427 390 un t i l ;
#X msg 426 368 10 ;
#X msg 467 375 \ ; pd dsp 0 ;
#X msg 367 372 \ ; pd dsp 1 ;

115 #X obj 343 197 t b b b b ;

11



dr1 cathedral-algorithms/cathedral.pd

#X obj 408 347 t b b b b ;
#X obj 411 510 makefi lename pd−\$0−arches−%d ;
#X obj 431 11 r e c e i v e SETUP;
#X text 525 12 SETUP: warmup . txt render . txt render . wav ;

120 #X text 417 644 (GPL) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
;
#X obj 449 129 p r in t setup ;
#X obj 431 75 metro 12500 ;
#X obj 107 472 tab l e \$0− l 2 .88 e+06;

125 #X obj 106 495 tab l e \$0−r 2 .88 e+06;
#X obj 189 425 p r in t ˜ ;
#X obj 431 32 t b b a ;
#X obj 122 420 dac ˜ ;
#X connect 0 0 54 0 ;

130 #X connect 1 0 53 0 ;
#X connect 2 0 16 0 ;
#X connect 3 0 44 0 ;
#X connect 4 0 3 0 ;
#X connect 4 1 5 0 ;

135 #X connect 5 0 16 0 ;
#X connect 6 0 7 1 ;
#X connect 7 0 6 0 ;
#X connect 7 0 60 0 ;
#X connect 17 0 18 0 ;

140 #X connect 17 0 85 0 ;
#X connect 18 0 42 0 ;
#X connect 19 0 2 0 ;
#X connect 19 1 16 1 ;
#X connect 42 0 17 1 ;

145 #X connect 44 0 16 0 ;
#X connect 45 0 43 0 ;
#X connect 46 0 52 0 ;
#X connect 46 0 95 1 ;
#X connect 46 0 93 0 ;

150 #X connect 47 0 51 0 ;
#X connect 47 0 95 0 ;
#X connect 49 0 55 0 ;
#X connect 50 0 49 0 ;
#X connect 53 0 46 0 ;

155 #X connect 54 0 47 0 ;
#X connect 55 0 48 0 ;
#X connect 56 0 64 0 ;
#X connect 56 0 89 0 ;
#X connect 57 0 58 0 ;

160 #X connect 57 0 59 0 ;
#X connect 59 0 71 0 ;
#X connect 61 0 4 0 ;
#X connect 61 1 68 0 ;
#X connect 62 0 68 1 ;

165 #X connect 62 0 78 0 ;
#X connect 63 0 61 0 ;
#X connect 64 0 69 0 ;
#X connect 64 1 63 0 ;
#X connect 64 2 50 1 ;

170 #X connect 65 0 66 0 ;
#X connect 65 0 50 0 ;
#X connect 66 0 67 0 ;

12



dr1 cathedral-algorithms/encode audio.sh

#X connect 68 0 62 0 ;
#X connect 68 0 65 0 ;

175 #X connect 69 0 70 0 ;
#X connect 70 0 4 0 ;
#X connect 70 1 77 0 ;
#X connect 71 0 83 0 ;
#X connect 72 0 70 0 ;

180 #X connect 73 0 72 0 ;
#X connect 76 0 77 1 ;
#X connect 76 0 71 0 ;
#X connect 77 0 76 0 ;
#X connect 77 0 78 0 ;

185 #X connect 77 0 51 0 ;
#X connect 77 0 52 0 ;
#X connect 78 0 84 0 ;
#X connect 79 0 61 0 ;
#X connect 80 0 79 0 ;

190 #X connect 83 0 75 0 ;
#X connect 83 1 73 0 ;
#X connect 83 2 17 0 ;
#X connect 83 3 74 0 ;
#X connect 84 0 82 0 ;

195 #X connect 84 1 80 0 ;
#X connect 84 2 17 0 ;
#X connect 84 3 81 0 ;
#X connect 85 0 19 0 ;
#X connect 86 0 94 0 ;

200 #X connect 90 0 7 0 ;
#X connect 90 0 93 0 ;
#X connect 94 0 90 0 ;
#X connect 94 1 57 0 ;
#X connect 94 2 56 0 ;

5 cathedral-algorithms/encode audio.sh

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

twolame −b 224 ”${WAV}”
5 done

6 cathedral-algorithms/encode video.sh

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

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

y4mscaler − I sa r=1/1 −O pre s e t=dvd wide −O ysca l e=1/1 |
mpeg2enc − f 8 −q 3 −b 8000 −B 768 −D 10 −g 9 −G 15 −P −R 2 −o ”${M2V}”

done

7 cathedral-algorithms/.gitignore

Cathedral
MakeDVD

13



dr1 cathedral-algorithms/interleave31.c

i n t e r l e a v e 3 1
∗ . h i

5 ∗ . o
∗ . rgba
∗ . stamp
t r a n s i t i o n s . dot
t r a n s i t i o n s . png

10 out

8 cathedral-algorithms/interleave31.c

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

i n t main ( i n t argc , char ∗∗ argv ) {
i f ( argc != 3) {

5 re turn 1 ;
}
FILE ∗ in3 = fopen ( argv [ 1 ] , ” rb ”) ;
i f ( in3 ) {

FILE ∗ in1 = fopen ( argv [ 2 ] , ” rb ”) ;
10 i f ( in1 ) {

f o r ( i n t i = 0 ; i < 1024∗1024; ++i ) {
putchar ( getc ( in3 ) ) ;
putchar ( getc ( in3 ) ) ;
putchar ( getc ( in3 ) ) ;

15 putchar ( getc ( in1 ) ) ;
}
f c l o s e ( in1 ) ;

} e l s e {
re turn 1 ;

20 }
f c l o s e ( in3 ) ;

} e l s e {
re turn 1 ;

}
25 re turn 0 ;

}

9 cathedral-algorithms/MakeDVD.hs

import System . Environment ( getArgs )
import Data . Ord( comparing )
import Data . L i s t ( sortBy )
import Data .Map ( ( ! ) )

5 import q u a l i f i e d Data .Map as M
import q u a l i f i e d Data . Set as S

d e f au l t ( Int )

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

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

Ç entry root ; }</fpc>”
15 , ”</vmgm><t i t l e s e t ><menus>”

14



dr1 cathedral-algorithms/MakeDVD.hs

, un l i n e s . map menu . sortBy ( comparing snd ) . M. t oL i s t $ nodes
, rootMenu (M. s i z e nodes )
, ”</menus><t i t l e s >”
, un l i n e s . map pgc . sortBy ( comparing snd ) . M. t oL i s t $ t rans

20 , ”</ t i t l e s ></t i t l e s e t ></dvdauthor>”
]

where
mpeg f t = f ++ ” − ” ++ t ++ ” .mpeg”
froms = map ( take 62 ) mpegs

25 to s = map ( take 62 . drop 65) mpegs
edges = z ip froms tos
source = M. fromList ( z ip mpegs froms )
s ink = M. fromList ( z ip mpegs to s )
nodes = M. fromList $ z ip (S . t oL i s t (S . f romList (M. elems source ) ‘S . union ‘ S⤦

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

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

[ ”<pgc><!−− ” ++ show n ++ ” −−>”
, ”<pre>{ g1 = ” ++ show ( nodes ! ( s ink ! vob ) ) ++ ” ; }</pre>”

35 , ”<vob f i l e =\”” ++ vob ++ ”\” />”
, ”<post>c a l l menu entry root ;</post>”
, ”</pgc>”
]

menu ( from , n) =
40 un l i n e s

[ ”<pgc><!−− ” ++ show n ++ ” −−>”
, ”<pre>{ ”
, ”g0 = random(” ++ show m ++ ”) ; ”
, switch ”g0” m [1 . . m] (map snd to ) $ \ t −>

45 ”jump t i t l e ” ++ show ( t rans ! mpeg from t ) ++ ”;”
, ” }</pre><vob f i l e =\”menu .mpeg\” /></pgc>”
]

where
m = length to

50 to = f i l t e r ( ( from ==) . f s t ) edges
rootMenu n =

un l i n e s
[ ”<pgc entry=\”root\”>”
, ”<pre>{ ”

55 , switch ”g1” n [ 1 . . n ] [ 1 . . n ] $ \ t −>
”jump menu ” ++ show t ++ ”;”

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

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

[ ” i f (” ++ r ++ ” l t ” ++ show ( head xs2 ) ++ ”) {”
, switch r k2 xs1 t s1 f
, ”} e l s e {”
, switch r (k − k2 ) xs2 t s2 f

65 , ”}”
]

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

70 k2 = k ‘ div ‘ 2
( xs1 , xs2 ) = sp l i tA t k2 xs

15



dr1 cathedral-algorithms/Makefile

( ts1 , t s2 ) = sp l i tA t k2 t s

main : : IO ( )
75 main = do

mpegs <− getArgs
putStrLn $ dvd mpegs

10 cathedral-algorithms/Makefile

a l l :
echo ” choose number o f segments in Cathedral . hs and run ’make DVD’”

c l ean :
5 −rm − f Cathedral Cathedral . h i Cathedral . o Snapshot . h i Snapshot . o green .⤦

Ç rgba orange . rgba white . rgba i n t e r l e a v e 3 1 MakeDVD MakeDVD. o MakeDVD⤦
Ç . h i dvd . stamp m2v . stamp mp2 . stamp mpeg . stamp ppm. stamp txt .⤦
Ç stamp wav . stamp t r a n s i t i o n s . png t r a n s i t i o n s . dot

Cathedral : Cathedral . hs Snapshot . hs
ghc −O2 −Wall −−make Cathedral . hs

10 i n t e r l e a v e 3 1 : i n t e r l e a v e 3 1 . c
gcc −std=c99 −O2 −Wall −pedant ic −s −o i n t e r l e a v e 3 1 i n t e r l e a v e 3 1 . c

%.rgba : t i l e . svg i n t e r l e a v e 3 1 svg2rgba . sh
. / svg2rgba . sh $∗

15

MakeDVD: MakeDVD. hs
ghc −O2 −Wall −−make MakeDVD. hs

ppm. stamp txt . stamp : Cathedral green . rgba orange . rgba white . rgba
20 . / Cathedral

touch ppm. stamp
touch txt . stamp

wav . stamp : txt . stamp audio . sh ca thedra l . pd organ−pipe . pd organ−stop . pd
25 . / audio . sh

touch wav . stamp

m2v . stamp : ppm. stamp encode v ideo . sh
. / encode v ideo . sh out /∗ .ppm

30 touch m2v . stamp

mp2 . stamp : wav . stamp encode audio . sh
. / encode audio . sh out /∗ .wav
touch mp2 . stamp

35

mpeg . stamp : m2v . stamp mp2 . stamp mult ip l ex . sh
. / mul t ip l ex . sh out /∗ .m2v
touch mpeg . stamp

40 t r a n s i t i o n s . png : txt . stamp t r a n s i t i o n s . sh
. / t r a n s i t i o n s . sh

out/menu .mpeg : mpeg . stamp
l s −1 out/ | grep ’ . mpeg$$ ’ | head −n 1 | xargs − I MPEG ln −s MPEG out/⤦

Ç menu .mpeg

16



dr1 cathedral-algorithms/multiplex.sh

45

out/dvd . xml : MakeDVD mpeg . stamp out/menu .mpeg
l s −1 out/ | grep ’ . mpeg$$ ’ | grep −v ”ˆmenu” | xargs . /MakeDVD > out/⤦

Ç dvd . xml

dvd . stamp : out/dvd . xml
50 cd out && rm − r f dvd && mkdir dvd && VIDEOFORMAT=”PAL” dvdauthor −o dvd⤦

Ç −x dvd . xml
touch dvd . stamp

out/dvd . i s o : dvd . stamp
cd out/dvd && geniso image −dvd−video −o . . / dvd . i s o .

55

DVD: out/dvd . i s o t r a n s i t i o n s . png
cp t r a n s i t i o n s . png out/dvd . png
cp t r a n s i t i o n s . dot out/dvd . dot
l s −1sh out/dvd . i s o

11 cathedral-algorithms/multiplex.sh

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

MP2=”${M2V%m2v}mp2”
5 MPEG=”${M2V%m2v}mpeg”

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

12 cathedral-algorithms/organ-pipe.pd

#N canvas 0 0 365 576 10 ;
#X obj 23 466 throw˜ \$1− l e f t ;
#X obj 184 462 throw˜ \$1− r i g h t ;
#X obj 64 414 cos ˜ ;

5 #X obj 64 435 ∗˜ ;
#X obj 183 434 ∗˜ ;
#X obj 198 372 −˜ 0 . 2 5 ;
#X obj 198 413 cos ˜ ;
#X obj 111 157 v l i n e ˜ ;

10 #X obj 65 21 loadbang ;
#X obj 65 47 sp i go t 1 ;
#X msg 129 48 0 ;
#X obj 65 145 v l i n e ˜ ;
#X obj 13 532 switch ˜ ;

15 #X obj 65 81 l i s t append \$2 \$3 ;
#X obj 65 106 unpack f f ;
#X obj 80 197 expr ˜ pow(2 \ , $v1 ) ;
#X obj 65 260 ∗˜ ;
#X obj 12 82 f 1 ;

20 #X obj 157 155 + 4 ;
#X obj 64 369 c l i p ˜ −0.25 0 . 2 5 ;
#X obj 198 391 c l i p ˜ −0.25 0 . 2 5 ;
#X msg 111 127 0 \ , 60 60000 ;
#X obj 157 176 send \$0−harmonic ;

25 #X obj 202 291 send˜ \$0−p i t ch ;
#X obj 104 246 catch ˜ \$0−stop ;

17



dr1 cathedral-algorithms/organ-pipe.pd

#X obj 201 10 organ−stop \$0 \$1 0 ;
#X obj 202 226 +˜ 8 ;
#X obj 118 504 change 1 ;

30 #X obj 118 460 env˜ 8192 ;
#X obj 201 30 organ−stop \$0 \$1 1 ;
#X obj 201 50 organ−stop \$0 \$1 2 ;
#X obj 201 70 organ−stop \$0 \$1 3 ;
#X obj 201 90 organ−stop \$0 \$1 4 ;

35 #X obj 201 110 organ−stop \$0 \$1 5 ;
#X obj 201 130 organ−stop \$0 \$1 6 ;
#X obj 201 150 organ−stop \$0 \$1 7 ;
#X obj 104 266 ∗˜ ;
#X obj 65 342 +˜ 0 . 1 2 5 ;

40 #X obj 105 287 expr ˜ tanh ( $v1 ) ;
#X obj 106 308 ∗˜ ;
#X obj 202 203 ∗˜ −1;
#X obj 142 223 /˜ 64 ;
#X obj 203 258 max˜ 0 ;

45 #X obj 118 482 > 10 ;
#X obj 143 266 sq r t ˜ ;
#X connect 2 0 3 0 ;
#X connect 2 0 28 0 ;
#X connect 3 0 0 0 ;

50 #X connect 4 0 1 0 ;
#X connect 5 0 20 0 ;
#X connect 6 0 4 1 ;
#X connect 6 0 28 0 ;
#X connect 7 0 15 0 ;

55 #X connect 7 0 40 0 ;
#X connect 8 0 9 0 ;
#X connect 9 0 10 0 ;
#X connect 9 0 13 0 ;
#X connect 9 0 21 0 ;

60 #X connect 9 0 17 0 ;
#X connect 10 0 9 1 ;
#X connect 11 0 16 0 ;
#X connect 13 0 14 0 ;
#X connect 14 0 11 0 ;

65 #X connect 14 1 18 0 ;
#X connect 15 0 16 1 ;
#X connect 15 0 41 0 ;
#X connect 16 0 37 0 ;
#X connect 17 0 12 0 ;

70 #X connect 18 0 22 0 ;
#X connect 19 0 2 0 ;
#X connect 20 0 6 0 ;
#X connect 21 0 7 0 ;
#X connect 24 0 36 0 ;

75 #X connect 26 0 42 0 ;
#X connect 27 0 12 0 ;
#X connect 28 0 43 0 ;
#X connect 36 0 38 0 ;
#X connect 37 0 5 0 ;

80 #X connect 37 0 19 0 ;
#X connect 38 0 39 0 ;
#X connect 39 0 3 1 ;
#X connect 39 0 4 0 ;
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dr1 cathedral-algorithms/organ-stop.pd

#X connect 40 0 26 0 ;
85 #X connect 41 0 36 1 ;

#X connect 41 0 44 0 ;
#X connect 42 0 23 0 ;
#X connect 43 0 27 0 ;
#X connect 44 0 39 1 ;

13 cathedral-algorithms/organ-stop.pd

#N canvas 375 194 450 300 10 ;
#X obj 67 19 r e c e i v e ˜ \$2−phase ;
#X obj 223 20 r e c e i v e \$1−harmonic ;
#X obj 68 46 ∗˜ 0 ;

5 #X obj 223 103 ∗ ;
#X obj 223 42 t b f ;
#X obj 223 62 f 1 ;
#X obj 223 82 << \$3 ;
#X obj 68 73 cos ˜ ;

10 #X obj 67 229 ∗˜ ;
#X obj 100 65 r e c e i v e ˜ \$1−p i t ch ;
#X obj 100 88 −˜ \$3 ;
#X obj 99 113 ∗˜ ;
#X obj 83 155 s i g ˜ 1 ;

15 #X obj 83 176 −˜;
#X obj 67 264 throw˜ \$1−stop ;
#X obj 82 206 max˜ 0 ;
#X obj 99 135 ∗˜ 0 . 1 2 5 ;
#X connect 0 0 2 0 ;

20 #X connect 1 0 4 0 ;
#X connect 2 0 7 0 ;
#X connect 3 0 2 1 ;
#X connect 4 0 5 0 ;
#X connect 4 1 3 1 ;

25 #X connect 5 0 6 0 ;
#X connect 6 0 3 0 ;
#X connect 7 0 8 0 ;
#X connect 8 0 14 0 ;
#X connect 9 0 10 0 ;

30 #X connect 10 0 11 0 ;
#X connect 10 0 11 1 ;
#X connect 11 0 16 0 ;
#X connect 12 0 13 0 ;
#X connect 13 0 15 0 ;

35 #X connect 15 0 8 1 ;
#X connect 16 0 13 1 ;

14 cathedral-algorithms/README

0 . p r e r e q u i s i t e s :
make
bash ( l s , rm , cp , ln , mkdir , touch , sed , grep , xargs , head , t a i l , sor t , uniq )
gcc

5 ghc −6.12 ( or l a t e r , and ” caba l i n s t a l l GLUT”)
puredata −0.42−5 ( or l a t e r )
twolame
rsvg −convert
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dr1 cathedral-algorithms/Snapshot.hs

pngtopnm
10 ppmtoy4m

y4mscaler
mpeg2enc
mplex
dvdauthor

15 geniso image
graphviz

1 . e d i t Cathedral . hs to s e t segments (1 to 5 are sane va lue s )
2 . $ ln −s / f i l e s y s t em /with/ l o t s / o f / space / . / out

20 3 . $ make DVD
4 . go out s i d e and enjoy the r e a l world f o r a b i t
5 . $ v l c out/dvd . i s o

15 cathedral-algorithms/Snapshot.hs

module Snapshot ( hSnapshot , writeSnapshot , snapshotWith ) where

import Control .Monad( forM )
import System . IO(Handle ( ) )

5 import Graphics . UI .GLUT(
readPixe l s ,
Pos i t ion ,
S i z e ( S i z e ) ,
PixelData ( PixelData ) ,

10 PixelFormat (RGB) ,
DataType ( UnsignedByte ) )

import Fore ign . Marshal . A l loc ( a l l o caByte s )
import Fore ign . Ptr ( p lusPtr )
import q u a l i f i e d Data . ByteStr ing . I n t e r na l as BSI

15 import q u a l i f i e d Data . ByteStr ing as BS

−− save a s c r e en sho t to a handle as binary PPM
snapshotWith : : (BS . ByteStr ing −> IO b) −> Pos i t i on −> S i z e −> IO b
snapshotWith f p0 vp@( S i z e vw vh ) = do

20 l e t f i q = f romInteg ra l q
p6 = ”P6\n” ++ show vw ++ ” ” ++ show vh ++ ” 255\n”

a l l o caByte s ( f i (vw∗vh∗3) ) $ \ptr −> do
r eadP ixe l s p0 vp $ PixelData RGB UnsignedByte ptr
px <− BSI . c r e a t e ( f i $ vw ∗ vh ∗ 3) $ \d −> forM [ 0 . . vh−1] $ \y −>

25 BSI .memcpy
(d ‘ plusPtr ‘ f i ( y∗vw∗3) )
( ptr ‘ plusPtr ‘ f i ( ( vh−1−y ) ∗vw∗3) )
( f i (vw∗3) )

f $ BS . pack (map (toEnum . fromEnum) p6 ) ‘BS . append ‘ px
30

hSnapshot : : Handle −> Pos i t i on −> S i z e −> IO ( )
hSnapshot h = snapshotWith (BS . hPutStr h)

writeSnapshot : : Fi lePath −> Pos i t i on −> S i z e −> IO ( )
35 writeSnapshot f = snapshotWith (BS . w r i t eF i l e f )

16 cathedral-algorithms/svg2rgba.sh

#!/bin /bash

20
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COLOUR=”${1}”
SVGFILE=”$ {1} . svg ”
PNGFILE=”$ {1} . png”

5 PPMFILE=”$ {1} .ppm”
PGMFILE=”$ {1} .pgm”
RGBFILE=”$ {1} . rgb”
AFILE=”$ {1} . a”
RGBAFILE=”$ {1} . rgba”

10 sed ” s | \$COLOUR| ${COLOUR} |” < t i l e . svg > ”${SVGFILE}”
rsvg −convert ”${SVGFILE}” > ”${PNGFILE}”
pngtopnm ”${PNGFILE}” > ”${PPMFILE}”
pngtopnm −alpha ”${PNGFILE}” > ”${PGMFILE}”
t a i l −c 3145728 ”${PPMFILE}” > ”${RGBFILE}”

15 t a i l −c 1048576 ”${PGMFILE}” > ”${AFILE}”
. / i n t e r l e a v e 3 1 ”${RGBFILE}” ”${AFILE}” > ”${RGBAFILE}”
rm − f ”${SVGFILE}” ”${PNGFILE}” ”${PPMFILE}” ”${PGMFILE}” ”${RGBFILE}” ”${AFILE⤦

Ç }”

17 cathedral-algorithms/tile.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=”1024” viewbox=”0 0 1024 1024”

5 ><t i t l e >Cathedral Algorithms</ t i t l e
><desc>one t i l e o f many</desc
><g><path

s t r oke=”red ”
stroke −width=”16”

10 f i l l =”$COLOUR”
d=”M 256 1024 A 768 768 0 0 1 512 451.5665977600538 A 768 768 0 0 1 768 1024 L⤦

Ç 768 1280 L 256 1280 L 256 1024 Z”
/></g
></svg>

18 cathedral-algorithms/transitions.sh

#!/bin /bash
(

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

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

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

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

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

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

; ;

21
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2)
echo ”node [ f i l l c o l o r =\”orange \ ” ] ; node ${node } ; ”
; ;

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

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

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

) > t r a n s i t i o n s . dot
30 c i r c o −Tpng < t r a n s i t i o n s . dot > t r a n s i t i o n s . png

19 chladni-plate/chladniplate.c

// . / ch l adn i p l a t e # r t
// . / ch l adn i p l a t e input . wav | f fmpeg − i input . wav − f ramerate 60 − i − −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 18 −b : a 256k output .mkv

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

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

10

#inc lude <f f tw3 . h>
#inc lude <s n d f i l e . h>
#inc lude <j ack / jack . h>
#inc lude <GL/glew . h>

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

// c a l c u l a t i o n dimensions
#de f i n e W 320
#de f i n e H 180

20

// upsca l i ng f a c t o r
#de f i n e AA 4

// RGB image data
25 s t a t i c unsigned char g [H∗AA] [W∗AA] [ 3 ] ;

typede f f l o a t vec3 [ 3 ] ;
typede f f l o a t vec4 [ 4 ] ;
typede f f l o a t Complex cmat4 [ 4 ] [ 4 ] ;

30

// cons t ruc t a cubic i n t e r p o l a t i o n vec to r
s t a t i c i n l i n e void cubic ( vec4 ∗o , f l o a t x ) {

f l o a t xx = x ∗ x ;
(∗ o ) [ 0 ] = 0 .5 f ∗ ( x ∗ ( (2 − x ) ∗ x − 1) ) ;

35 (∗ o ) [ 1 ] = 0 .5 f ∗ ( xx ∗ (3 ∗ x − 5) + 2) ;
(∗ o ) [ 2 ] = 0 .5 f ∗ ( x ∗ ( (4 − 3 ∗ x ) ∗ x + 1) ) ;
(∗ o ) [ 3 ] = 0 .5 f ∗ xx ∗ ( x − 1) ;

}
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40 // row ∗ matrix ∗ column
s t a t i c i n l i n e f l o a t Complex vmv( vec4 ∗ l , cmat4 ∗m, vec4 ∗ r ) {

f l o a t Complex s = 0 ;
f o r ( i n t i = 0 ; i < 4 ; ++i ) {

f o r ( i n t j = 0 ; j < 4 ; ++j ) {
45 s += (∗ l ) [ i ] ∗ (∗m) [ i ] [ j ] ∗ (∗ r ) [ j ] ;

}
}
re turn s ;

}
50

// l i n e a r b lending
s t a t i c i n l i n e void mix ( vec3 ∗o , vec3 ∗a , vec3 ∗b , f l o a t x ) {

f l o a t x1 = 1 − x ;
(∗ o ) [ 0 ] = (∗ a ) [ 0 ] ∗ x1 + x ∗ (∗b) [ 0 ] ;

55 (∗ o ) [ 1 ] = (∗ a ) [ 1 ] ∗ x1 + x ∗ (∗b) [ 1 ] ;
(∗ o ) [ 2 ] = (∗ a ) [ 2 ] ∗ x1 + x ∗ (∗b) [ 2 ] ;

}

// avoid array out o f bounds
60 s t a t i c i n l i n e i n t clamp ( i n t i , i n t lo , i n t h i ) {

i f ( i < l o ) { re turn l o ; }
i f ( i > hi ) { re turn h i ; }
re turn i ;

}
65

// speed o f sound
s t a t i c const f l o a t c = 330 ; // m sˆ−1

// dimension o f p l a t e
70 s t a t i c const f l o a t L = 10 ; // m

// at tenuat ion
#de f i n e A 0 .5

75 // rad iu s (−2 / log10 (A) + 1) ?
#de f i n e R 8

// number o f FFT bins
#de f i n e B 16384

80

s t a t i c const f l o a t p i = 3.141592653589793 ;

// compute phasor at a p i x e l
s t a t i c i n l i n e f l o a t Complex phasor ( f l o a t x , f l o a t y , f l o a t Complex w)

85 {
double Complex s = 0 ;
f o r ( i n t i = −R; i <= R; ++i )
{

f o r ( i n t j = −R; j <= R; ++j )
90 {

f l o a t dx = x + ( f l o a t ) i ∗ W / H;
f l o a t dy = y + j ;
f l o a t d = s q r t f ( dx ∗ dx + dy ∗ dy ) ;
s += cexpf (d ∗ w) ;

95 }
}
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re turn s ;
}

100 // sound f i l e handle
s t a t i c SNDFILE ∗ f = 0 ;

// sample ra t e ( s e t from input f i l e )
s t a t i c f l o a t SR = 44100;

105

// video f ramerate
s t a t i c f l o a t FPS = 60 ;

// number o f peak s i nu s o i d s to p l a t e
110 #de f i n e PEAKS 12

// FFT hop length
s t a t i c i n t HOP = 735 ;

115 // number o f channe l s in sound f i l e
s t a t i c i n t CHANNELS = 2 ;

// window f o r FFT ana l y s i s
s t a t i c f l o a t window [B ] ;

120

// open sound f i l e and i n i t i a l i z e parameters
s t a t i c bool open input ( const char ∗ f i l e )
{

SF INFO in f o = { 0 , 0 , 0 , 0 , 0 , 0 } ;
125 f = s f open ( f i l e , SFM READ, &i n f o ) ;

i f ( ! f ) r e turn f a l s e ;
SR = in f o . samplerate ;
CHANNELS = in f o . channe l s ;
HOP = roundf (SR / FPS) ;

130 re turn i n f o . channe l s > 0 ;
}

// read and window a frame o f input ready f o r FFT
s t a t i c bool r ead input ( f l o a t ∗ f f t i n )

135 {
f l o a t q [B ] [CHANNELS] ;
i f (B == s f r e a d f f l o a t ( f , &q [ 0 ] [ 0 ] , B) )
{

s f s e e k ( f , HOP − B, SEEK CUR) ;
140 f o r ( i n t i = 0 ; i < B; ++i )

{
f f t i n [ i ] = q [ i ] [ 0 ] ∗ window [ i ] ;

}
re turn true ;

145 }
re turn f a l s e ;

}

// c l o s e the input f i l e
150 s t a t i c void c l o s e i n pu t ( void )

{
i f ( f )
{
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s f c l o s e ( f ) ;
155 f = 0 ;

}
}

// output PPM to stdout
160 s t a t i c void output ( void )

{
f p r i n t f ( stdout , ”P6\n%d %d\n255\n” , W ∗ AA, H ∗ AA) ;
fw r i t e (&g [ 0 ] [ 0 ] [ 0 ] , H ∗ AA ∗ W ∗ AA ∗ 3 , 1 , s tdout ) ;
f f l u s h ( stdout ) ;

165 }

// tau func t i on f o r FFT peak es t imator
s t a t i c f l o a t tau ( f l o a t x )
{

170 re turn 1 . f /4 ∗ l o g f (3∗x∗x + 6∗x + 1) − s q r t f (6 ) /24 ∗ l o g f ( ( x + 1 − s q r t f ( 2 . f⤦
Ç /3) ) / (x + 1 + s q r t f ( 2 . f /3) ) ) ;

}

// FFT peak es t imator
s t a t i c f l o a t quinn2 ( i n t k , f l o a t Complex ∗X)

175 {
f l o a t x = c r e a l f (X[ k ] ) ∗ c r e a l f (X[ k ] ) + cimagf (X[ k ] ) ∗ cimagf (X[ k ] ) ;
f l o a t ap = ( c r e a l f (X[ k + 1 ] ) ∗ c r e a l f (X[ k ] ) + cimagf (X[ k + 1 ] ) ∗ cimagf (X[ k ] ) )⤦

Ç / x ;
f l o a t dp = −ap / (1 − ap ) ;
f l o a t am = ( c r e a l f (X[ k − 1 ] ) ∗ c r e a l f (X[ k ] ) + cimagf (X[ k − 1 ] ) ∗ cimagf (X[ k ] ) )⤦

Ç / x ;
180 f l o a t dm = am / (1 − am) ;

f l o a t d = (dp + dm) / 2 + tau (dp ∗ dp) − tau (dm ∗ dm) ;
re turn k + d ;

}

185 // search f o r l a r g e s t peak and zero i t
s t a t i c f l o a t peak ( f l o a t Complex ∗X, f l o a t Complex ∗ r ou t )
{

f l o a t ma = 0 . 0 ;
i n t k = 0 ;

190 f l o a t Complex mx = 0 ;
f o r ( i n t b = 1 ; b < B/2 ; ++b)
{

f l o a t x = c r e a l f (X[ b ] ) ;
f l o a t y = cimagf (X[ b ] ) ;

195 f l o a t r = x ∗ x + y ∗ y ;
i f ( r > ma)
{

ma = r ;
k = b ;

200 mx = X[ b ] ;
}

}
i f ( k == 0)
{

205 ∗ r ou t = 0 ;
re turn 0 ;

}

25



dr1 chladni-plate/chladniplate.c

e l s e
{

210 ∗ r ou t = mx;
f l o a t p = quinn2 (k , X) ;

// X[ k − 1 ] = 0 ;
X[ k ] = 0 ;

// X[ k + 1 ] = 0 ;
215 re turn p ;

}
}

void debug program (GLuint program , const char ∗name)
220 {

i f ( program )
{

GLint l i nked = GL FALSE;
glGetProgramiv ( program , GL LINK STATUS, &l inked ) ;

225 i f ( l i nked != GL TRUE) f p r i n t f ( s tde r r , ”%s : OpenGL shader program l i n k ⤦
Ç f a i l e d \n” , name) ;

GLint l en = 0 ;
glGetProgramiv ( program , GL INFO LOG LENGTH, &len ) ;
char ∗ s = c a l l o c (1 , l en + 1) ;
i f ( ! s ) abort ( ) ;

230 glGetProgramInfoLog ( program , len , 0 , s ) ;
s [ l en ] = 0 ;
i f (∗ s )

f p r i n t f ( s tde r r , ”%s : OpenGL shader program in f o l og \n%s \n” , name , s ) ;
f r e e ( s ) ;

235 }
e l s e
{

f p r i n t f ( s tde r r , ”%s : OpenGL shader program c r e a t i on f a i l e d \n” , name) ;
}

240 }

void debug shader (GLuint shader , GLenum typ , const char ∗name)
{

const char ∗tname = ”unknown ” ;
245 i f ( typ == GL VERTEX SHADER) tname = ” vertex ” ;

i f ( typ == GLFRAGMENT SHADER) tname = ” fragment ” ;
i f ( shader )
{

GLint compiled = GL FALSE;
250 glGetShader iv ( shader , GL COMPILE STATUS, &compiled ) ;

i f ( compiled != GL TRUE) f p r i n t f ( s tde r r , ”%s : OpenGL %s shader compi le ⤦
Ç f a i l e d \n” , name , tname ) ;

GLint l en = 0 ;
g lGetShader iv ( shader , GL INFO LOG LENGTH, &len ) ;
char ∗ s = c a l l o c (1 , l en + 1) ;

255 i f ( ! s ) abort ( ) ;
g lGetShaderInfoLog ( shader , len , 0 , s ) ;
s [ l en ] = 0 ;
i f (∗ s ) f p r i n t f ( s tde r r , ”%s : OpenGL %s shader i n f o l og \n%s \n” , name , tname , ⤦

Ç s ) ;
f r e e ( s ) ;

260 }
e l s e
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{
f p r i n t f ( s tde r r , ”%s : OpenGL %s shader c r e a t i on f a i l e d \n” , name , tname ) ;

}
265 }

void compi l e shader (GLuint program , GLenum typ , const char ∗name , const char ∗⤦
Ç source )

{
GLuint shader = glCreateShader ( typ ) ;

270 glShaderSource ( shader , 1 , &source , 0) ;
glCompileShader ( shader ) ;
debug shader ( shader , typ , name) ;
glAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

275 }

GLuint compile program ( const char ∗name , const char ∗vert , const char ∗ f r a g )
{

GLuint program = glCreateProgram ( ) ;
280 compi l e shader ( program , GL VERTEX SHADER, name , ve r t ) ;

compi l e shader ( program , GL FRAGMENT SHADER, name , f r a g ) ;
glLinkProgram ( program ) ;
debug program ( program , name) ;
r e turn program ;

285 }

const char ∗ ch l adn i v e r t =
”#ve r s i on 330 core \n”
” void main ( ) {\n”

290 ” i f ( g l VertexID == 0) { g l P o s i t i o n = vec4 ( −1 .0 , −1.0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” i f ( g l VertexID == 1) { g l P o s i t i o n = vec4 ( 1 . 0 , −1.0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” i f ( g l VertexID == 2) { g l P o s i t i o n = vec4 ( −1 .0 , 1 . 0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” { g l P o s i t i o n = vec4 ( 1 . 0 , 1 . 0 , 0 . 0 , 1 . 0 ) ; }\n”
”}\n”

295 ;

const char ∗ c h l a dn i f r a g =
”#ve r s i on 330 core \n”
”#extens i on GL ARB expl i c i t un i fo rm locat ion : r e qu i r e \n”

300 ”#de f i n e PEAKS 12\n”
” layout ( l o c a t i o n = 0) uniform vec2 s i z e ;\n”
” layout ( l o c a t i o n = 1) uniform in t s i d e s ;\n”
” layout ( l o c a t i o n = 2) uniform vec4 peaks [PEAKS] ; \ n”
”vec2 cmul ( vec2 a , vec2 b) { re turn vec2 ( a . x ∗ b . x − a . y ∗ b . y , a . x ∗ b . y + a . y ⤦

Ç ∗ b . x ) ; }\n”
305 ”vec2 cd iv ( vec2 a , vec2 b) { re turn cmul ( a , vec2 (b . x , −b . y ) ) / dot (b , b) ; }\n”

”vec2 cexp ( vec2 t ) { re turn exp ( t . x ) ∗ vec2 ( cos ( t . y ) , s i n ( t . y ) ) ; }\n”
”vec2 phasor ( vec2 q , vec2 w) {\n”
” vec2 s = vec2 ( 0 . 0 ) ;\n”
” i f ( s i d e s == 4) {\n”

310 ” f o r ( i n t i = −8; i <= 8 ; ++i ) {\n”
” f l o a t dx = q . x + f l o a t ( i ) ∗ s i z e . x / s i z e . y ;\n”
” f o r ( i n t j = −8; j <= 8 ; ++j ) {\n”
” f l o a t dy = q . y + f l o a t ( j ) ;\n”
” f l o a t d = sq r t (dx ∗ dx + dy ∗ dy ) ;\n”

315 ” s += cexp (d ∗ w) ;\n”
” }\n”
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” }\n”
” }\n”
” i f ( s i d e s == 6) {\n”

320 ” f o r ( i n t j = −8; j <= 8 ; ++j ) {\n”
” f l o a t dy0 = q . y + f l o a t ( j ) ;\n”
” f o r ( i n t i = −8; i <= 8 ; ++i ) {\n”
” f l o a t dx = q . x + f l o a t ( i ) ∗ s q r t ( 3 . 0 ) / 2 . 0 ;\ n”
” f l o a t dy = dy0 + (1 == ( i & 1) ? 0 .5 : 0 . 0 ) ;\n”

325 ” f l o a t d = sq r t (dx ∗ dx + dy ∗ dy ) ;\n”
” s += cexp (d ∗ w) ;\n”
” }\n”
” }\n”
” }\n”

330 ” return s ;\n”
”}\n”
”vec2 phasors ( vec2 q ) {\n”
” vec2 s = vec2 ( 0 . 0 ) ;\n”
” f o r ( i n t p = 0 ; p < PEAKS; ++p) {\n”

335 ” vec2 a = peaks [ p ] . xy ;\n”
” vec2 w = peaks [ p ] . zw ;\n”
” s += length ( a ) ∗ phasor (q , w) ;\n”
” }\n”
” return s ;\n”

340 ”}\n”
”// http :// l o l e n g i n e . net / blog /2013/07/27/ rgb−to−hsv− in − g l s l \n”
”vec3 hsv2rgb ( vec3 c ) {\n”
” vec4 K = vec4 ( 1 . 0 , 2 . 0 / 3 . 0 , 1 . 0 / 3 . 0 , 3 . 0 ) ;\n”
” vec3 p = abs ( f r a c t ( c . xxx + K. xyz ) ∗ 6 .0 − K.www) ;\n”

345 ” return c . z ∗ mix (K. xxx , clamp (p − K. xxx , 0 . 0 , 1 . 0 ) , c . y ) ;\n”
”}\n”
” void main ( ) {\n”
” vec2 q = gl FragCoord . xy / s i z e − vec2 ( 0 . 5 ) ;\n”
” q . x ∗= s i z e . x / s i z e . y ;\n”

350 ” vec2 s = cdiv ( phasors ( q ) , normal ize ( phasors ( vec2 ( 0 . 0 ) ) ) ) ;\n”
” f l o a t hue = atan ( s . y , s . x ) / ( 2 . 0 ∗ 3 .141592653) ;\n”
” hue −= f l o o r ( hue ) ;\n”
” f l o a t sa t = clamp (2 . 0 − l ength ( s ) , 0 . 0 , 1 . 0 ) ;\n”
” f l o a t va l = clamp ( l ength ( s ) , 0 . 0 , 1 . 0 ) ;\n”

355 ” g l FragCo lor = vec4 ( hsv2rgb ( vec3 ( hue , sat , va l ) ) , 1 . 0 ) ;\n”
”}\n”
;

void keycb (GLFWwindow ∗win , i n t key , i n t scancode , i n t act ion , i n t mods)
360 {

( void ) key ;
( void ) scancode ;
( void ) ac t i on ;
( void ) mods ;

365 glfwSetWindowShouldClose (win , GL TRUE) ;
}

s t a t i c i n t wpeaks = 0 ;
s t a t i c vec4 peaks [ 2 ] [PEAKS ] ;

370

s t a t i c f l o a t abu f f e r [B ] ;
s t a t i c i n t awptr = 0 ;
s t a t i c i n t acount = 0 ;
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s t a t i c f l o a t ∗ f f t i n ;
375 s t a t i c f l o a t Complex ∗ f f t o u t ;

s t a t i c f f tw f p l a n plan ;

s t a t i c j a c k c l i e n t t ∗ c l i e n t ;
s t a t i c j a c k p o r t t ∗ input ;

380

s t a t i c i n t proce s scb ( j a ck n f r ames t nframes , void ∗ arg )
{

( void ) arg ;
j a c k d e f au l t aud i o s amp l e t ∗ in = j a c k p o r t g e t b u f f e r ( input , nframes ) ;

385 f o r ( j a ck n f r ames t i = 0 ; i < nframes ; ++i )
{

abu f f e r [ awptr++] = in [ i ] ;
i f ( awptr >= B) awptr = 0 ;
i f (++acount == HOP)

390 {
acount = 0 ;
f o r ( i n t j = 0 ; j < B; ++j )
{

f f t i n [ j ] = window [ j ] ∗ abu f f e r [ ( awptr + j ) % B ] ;
395 }

f f tw f e x e c u t e ( plan ) ;
s t a t i c f l o a t r0 = 0 ;
f o r ( i n t k = 0 ; k < PEAKS; ++k)
{

400 f l o a t Complex r = 0 ;
f l o a t bin = peak ( f f t o u t , &r ) ;
r0 = fmaxf ( r0 , cabs f ( r ) ) ;
f l o a t f = SR ∗ bin / B;
f l o a t wavelength = c / f / L ;

405 f l o a t Complex w = l o g f (A) + I ∗ 2 ∗ pi / wavelength ;
i f ( r0 > 0) r = 0 .25 ∗ r / r0 ;
peaks [ wpeaks ] [ k ] [ 0 ] = c r e a l f ( r ) ;
peaks [ wpeaks ] [ k ] [ 1 ] = cimagf ( r ) ;
peaks [ wpeaks ] [ k ] [ 2 ] = c r e a l f (w) ;

410 peaks [ wpeaks ] [ k ] [ 3 ] = cimagf (w) ;
}
wpeaks = 1 − wpeaks ;

}
}

415 re turn 0 ;
}

// program entry po int
i n t main ( i n t argc , char ∗∗ argv )

420 {
// prepare FFT
f f t i n = f f tw f ma l l o c (B ∗ s i z e o f (∗ f f t i n ) ) ;
f f t o u t = f f tw f ma l l o c (B ∗ s i z e o f (∗ f f t o u t ) ) ;
plan = f f tw f p l a n d f t r 2 c 1 d (B, f f t i n , f f t o u t , FFTWPATIENT | ⤦

Ç FFTW PRESERVE INPUT) ;
425 f o r ( i n t i = 0 ; i < B; ++i )

{
window [ i ] = (1 − cos (2 ∗ pi ∗ ( i + 0 .5 f ) / B) ) / B;

}
// proce s s audio
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430 i f ( argc == 1)
{

i f ( ! ( c l i e n t = j a c k c l i e n t o p e n (” ch ladn i ” , JackNoStartServer , 0) ) ) {
f p r i n t f ( s tde r r , ” jack s e r v e r not running ?\n”) ;
r e turn 1 ;

435 }
j a c k s e t p r o c e s s c a l l b a c k ( c l i e n t , processcb , 0) ;
// mono pro c e s s i ng
input = j a c k p o r t r e g i s t e r ( c l i e n t , ” input 1 ” , JACK DEFAULT AUDIO TYPE, ⤦

Ç JackPortIsInput , 0) ;
i f ( j a c k a c t i v a t e ( c l i e n t ) ) {

440 f p r i n t f ( s tde r r , ” cannot a c t i v a t e JACK c l i e n t ”) ;
r e turn 1 ;

}
}
e l s e

445 {
f p r i n t f ( s tde r r , ”%s : non− r ea l t ime mode not yet re −implemented\n” , argv [ 0 ] ) ;
r e turn 1 ;

}
// v i s u a l i z e

450 g l fw I n i t ( ) ;
glfwWindowHint (GLFW CLIENT API, GLFW OPENGL API) ;
glfwWindowHint (GLFWCONTEXTVERSIONMAJOR, 3) ;
glfwWindowHint (GLFWCONTEXT VERSIONMINOR, 3) ;
glfwWindowHint (GLFW OPENGL PROFILE, GLFWOPENGL CORE PROFILE) ;

455 glfwWindowHint (GLFWOPENGLFORWARDCOMPAT, GL TRUE) ;
glfwWindowHint (GLFWDECORATED, GL TRUE) ;
glfwWindowHint (GLFW RESIZABLE, GL FALSE) ;
GLFWwindow ∗win = glfwCreateWindow (W ∗ AA, H ∗ AA, ” ch l adn i p l a t e ” , 0 , 0) ;
glfwMakeContextCurrent (win ) ;

460 glewExperimental = GL TRUE;
g l ew In i t ( ) ;
g lGetError ( ) ; // d i s ca rd common e r r o r from glew
glfwSetInputMode (win , GLFWCURSOR, GLFWCURSORHIDDEN) ;
gl fwSetKeyCal lback (win , keycb ) ;

465 GLuint vao ;
glGenVertexArrays (1 , &vao ) ;
glBindVertexArray ( vao ) ;
glUseProgram ( compile program (” ch ladn i ” , ch l adn i v e r t , c h l a dn i f r a g ) ) ;
GLuint tex ;

470 glGenTextures (1 , &tex ) ;
glBindTexture (GL TEXTURE 2D, tex ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGB, W, H, 0 , GL RGB, GL UNSIGNED BYTE, 0) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;

475 glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP S, GL CLAMP TO EDGE) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTUREWRAP T, GL CLAMP TO EDGE) ;
GLuint fbo ;
glGenFramebuffers (1 , &fbo ) ;
g lBindFramebuffer (GL FRAMEBUFFER, fbo ) ;

480 glFramebufferTexture2D (GL FRAMEBUFFER, GLCOLORATTACHMENT0, GL TEXTURE 2D, ⤦
Ç tex , 0) ;

g lUni form2f (0 , W, H) ;
g lUni form1i (1 , 6) ;
whi l e (1 ) // read input ( f f t i n ) )
{
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485 glUni form4fv (2 , PEAKS, &peaks [1−wpeaks ] [ 0 ] [ 0 ] ) ;
g lViewport (0 , 0 , W, H) ;
glBindFramebuffer (GL FRAMEBUFFER, fbo ) ;
glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;
g lBindFramebuffer (GLDRAWFRAMEBUFFER, 0) ;

490 // glViewport (0 , 0 , W ∗ AA, H ∗ AA) ;
g lB l i tFramebu f f e r (0 , 0 , W, H, 0 , 0 , W ∗ AA, H ∗ AA, GL COLOR BUFFER BIT, ⤦

Ç GL LINEAR) ;
// g lReadPixe l s (0 , 0 , W ∗ AA, H ∗ AA, GL RGB, GL UNSIGNED BYTE, &g [ 0 ] [ 0 ] [ 0 ] )⤦

Ç ;
g l fwSwapBuffers ( win ) ;
// output ( ) ;

495 g l fwPol lEvents ( ) ;
i f ( glfwWindowShouldClose (win ) ) {

break ;
}
GLenum e ;

500 whi le ( ( e = glGetError ( ) ) )
{

f p r i n t f ( s tde r r , ”%d\n” , e ) ;
}

}
505 // cleanup

f f tw f d e s t r o y p l a n ( plan ) ;
f f t w f f r e e ( f f t o u t ) ;
f f t w f f r e e ( f f t i n ) ;
c l o s e i n pu t ( ) ;

510 re turn 0 ;
}

20 chladni-plate/chladniplate-eigensystem.m

% te s t ed with GNU Octave , v e r s i on 4 .4 .1 − rc2

% number o f modes to compute
e = 25 ;

5

% height o f p l a t e
m = 256 ;

% width o f p l a t e
10 n = 256 ;

% ke rne l ( harmonic operator , l a p l a c i a n )
%kr = 1 ;
%ke rne l = [ 0 , 1 , 0 ; 1 , −4 ,1 ; 0 ,1 ,0 ] ;

15 % kerne l ( biharmonic operator , l a p l a c i a n o f l a p l a c i a n )
kr = 2 ;
ke rne l = [ 0 , 0 , 1 , 0 , 0 ; 0 ,2 , −8 ,2 ,0 ; 1 , −8 ,20 , −8 ,1 ; 0 ,2 , −8 ,2 ,0 ; 0 ,0 ,1 ,0 ,0 ] ;

% compute number o f non−zero va lue s
20 nz = 0 ;

f o r i = 1 : n
f o r j = 1 : m

k = ze ro s (2 ∗ kr + 1 , 2 ∗ kr + 1) ;
f o r d i = −kr : kr

25 f o r dj = −kr : kr
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kk = ke rne l ( d i + kr + 1 , dj + kr + 1) ;
i i = di ;
j j = dj ;
i f ( i + i i < 1)

30 i i = − i i ;
e nd i f
i f ( i + i i > n)

i i = − i i ;
e nd i f

35 i f ( j + j j < 1)
j j = − j j ;

e nd i f
i f ( j + j j > m)

j j = − j j ;
40 end i f

i f ( i i != di | | j j != dj )
%kk = −kk ;

end i f
k ( i i + kr + 1 , j j + kr + 1) = k( i i + kr + 1 , j j + kr + 1) + kk ;

45 endfor
endfor
f o r i i = 1 : 2 ∗ kr + 1

f o r j j = 1 : 2 ∗ kr + 1
i f ( k ( i i , j j ) != 0)

50 nz = nz + 1 ;
end i f

endfor
endfor

endfor
55 endfor

pz = nz / (n ∗ m) ˆ2 ;
d i sp ( s p r i n t f (” s p a r s i t y : %f%%”, 100 ∗ pz ) ) ;

60 % compute spar s e matrix
t = ze ro s ( nz , 3) ;
s = 1 ;
f o r i = 1 : n

f o r j = 1 : m
65 k = ze ro s (2 ∗ kr + 1 , 2 ∗ kr + 1) ;

f o r d i = −kr : kr
f o r dj = −kr : kr

kk = ke rne l ( d i + kr + 1 , dj + kr + 1) ;
i i = di ;

70 j j = dj ;
i f ( i + i i < 1)

i i = − i i ;
e nd i f
i f ( i + i i > n)

75 i i = − i i ;
e nd i f
i f ( j + j j < 1)

j j = − j j ;
e nd i f

80 i f ( j + j j > m)
j j = − j j ;

e nd i f
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i f ( i i != di | | j j != dj )
%kk = −kk ;

85 end i f
k ( i i + kr + 1 , j j + kr + 1) = k( i i + kr + 1 , j j + kr + 1) + kk ;

endfor
endfor
f o r i i = −kr : kr

90 f o r j j = −kr : kr
i f ( k ( i i + kr + 1 , j j + kr + 1) != 0)

t ( s , 1) = ( i − 1) ∗ m + j ;
t ( s , 2) = ( i − 1 + i i ) ∗ m + j + j j ;
t ( s , 3) = k( i i + kr + 1 , j j + kr + 1) ;

95 s = s + 1 ;
end i f

endfor
endfor

endfor
100 endfor

s = spconvert ( t ) ;
d i sp (” cons t ruc ted matrix ”) ;

% so l v e the e igen system
105 opts . maxit = 5000 ;

[ v , l s , f ] = e i g s ( s , e , ”sm” , opts ) ;
l = diag ( l s ) ;
d i sp (” so lved e igen system ”) ;

110 % save the raw data
f i d = fopen ( s p r i n t f (” chladni−%d−%d . dat ” , m, n) , ”w” , ” nat ive ”) ;
fw r i t e ( f i d , l , ” f l o a t 3 2 ” , ” nat ive ”) ;
fw r i t e ( f i d , v , ” f l o a t 3 2 ” , ” nat ive ”) ;
f c l o s e ( f i d ) ;

115 di sp (” saved raw data ”) ;

21 chladni-plate/chladniplate-visualize.c

// gcc −std=c99 −Wall −pedant ic −Wextra −O3 −fopenmp −march=nat ive modes . c −lm

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

5

// number o f modes
#de f i n e E 25

// he ight o f p l a t e
10 #de f i n e M 256

// width o f p l a t e
#de f i n e N 256

15 // sup e r s i z i n g
#de f i n e A 2

// e igen va lue s
f l o a t l [E ] ;

20

// e igen vec to r s
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f l o a t v [M] [N ] ;

// supe r s i z ed vec to r
25 f l o a t z [M∗A] [N∗A] ;

// RGB image
unsigned char g [M∗A] [N∗A] ;

30 typede f f l o a t vec3 [ 3 ] ;
typede f f l o a t vec4 [ 4 ] ;
typede f f l o a t mat4 [ 4 ] [ 4 ] ;

// cons t ruc t a cubic i n t e r p o l a t i o n vec to r
35 i n l i n e void cubic ( vec4 ∗o , f l o a t x ) {

f l o a t xx = x ∗ x ;
(∗ o ) [ 0 ] = 0 .5 f ∗ ( x ∗ ( (2 − x ) ∗ x − 1) ) ;
(∗ o ) [ 1 ] = 0 .5 f ∗ ( xx ∗ (3 ∗ x − 5) + 2) ;
(∗ o ) [ 2 ] = 0 .5 f ∗ ( x ∗ ( (4 − 3 ∗ x ) ∗ x + 1) ) ;

40 (∗ o ) [ 3 ] = 0 .5 f ∗ xx ∗ ( x − 1) ;
}

// row ∗ matrix ∗ column
i n l i n e f l o a t vmv( vec4 ∗ l , mat4 ∗m, vec4 ∗ r ) {

45 f l o a t s = 0 ;
f o r ( i n t i = 0 ; i < 4 ; ++i ) {

f o r ( i n t j = 0 ; j < 4 ; ++j ) {
s += (∗ l ) [ i ] ∗ (∗m) [ i ] [ j ] ∗ (∗ r ) [ j ] ;

}
50 }

re turn s ;
}

// l i n e a r b lending
55 i n l i n e void mix ( vec3 ∗o , vec3 ∗a , vec3 ∗b , f l o a t x ) {

f l o a t x1 = 1 − x ;
(∗ o ) [ 0 ] = (∗ a ) [ 0 ] ∗ x1 + x ∗ (∗b) [ 0 ] ;
(∗ o ) [ 1 ] = (∗ a ) [ 1 ] ∗ x1 + x ∗ (∗b) [ 1 ] ;
(∗ o ) [ 2 ] = (∗ a ) [ 2 ] ∗ x1 + x ∗ (∗b) [ 2 ] ;

60 }

// avoid array out o f bounds
i n l i n e i n t clamp ( i n t i , i n t lo , i n t h i ) {

i f ( i < l o ) { re turn l o ; }
65 i f ( i > hi ) { re turn h i ; }

re turn i ;
}

// main program
70 i n t main ( ) {

// read e igen va lue s
f r ead ( l , E ∗ s i z e o f ( f l o a t ) , 1 , s td in ) ;
f o r ( i n t k = 0 ; k < E; ++k) {

75

// read e igen vec to r
f r ead (v , M ∗ N ∗ s i z e o f ( f l o a t ) , 1 , s td in ) ;
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// upsca l e with b i cub i c i n t e r p o l a t i o n
80 #pragma omp p a r a l l e l f o r schedu le ( s t a t i c , 1)

f o r ( i n t x = 0 ; x < A; ++x) {
f l o a t x f = (x + 0 .5 f ) / A;
vec4 xc ;
cub ic (&xc , x f ) ;

85 f o r ( i n t y = 0 ; y < A; ++y) {
f l o a t y f = (y + 0 .5 f ) / A;
vec4 yc ;
cub ic (&yc , y f ) ;
f o r ( i n t i = 0 ; i < M; ++i ) {

90 i n t i 0 = clamp ( i − 1 , 0 , M − 1) ;
i n t i 1 = clamp ( i , 0 , M − 1) ;
i n t i 2 = clamp ( i + 1 , 0 , M − 1) ;
i n t i 3 = clamp ( i + 2 , 0 , M − 1) ;
f o r ( i n t j = 0 ; j < N; ++j ) {

95 i n t j 0 = clamp ( j − 1 , 0 , N − 1) ;
i n t j 1 = clamp ( j , 0 , N − 1) ;
i n t j 2 = clamp ( j + 1 , 0 , N − 1) ;
i n t j 3 = clamp ( j + 2 , 0 , N − 1) ;
mat4 m =

100 { { v [ i 0 ] [ j 0 ] , v [ i 0 ] [ j 1 ] , v [ i 0 ] [ j 2 ] , v [ i 0 ] [ j 3 ] }
, { v [ i 1 ] [ j 0 ] , v [ i 1 ] [ j 1 ] , v [ i 1 ] [ j 2 ] , v [ i 1 ] [ j 3 ] }
, { v [ i 2 ] [ j 0 ] , v [ i 2 ] [ j 1 ] , v [ i 2 ] [ j 2 ] , v [ i 2 ] [ j 3 ] }
, { v [ i 3 ] [ j 0 ] , v [ i 3 ] [ j 1 ] , v [ i 3 ] [ j 2 ] , v [ i 3 ] [ j 3 ] }
} ;

105 z [ i ∗ A + x ] [ j ∗ A + y ] = vmv(&xc , &m, &yc ) ;
}

}
}

}
110

// c o l o u r i z e in groups o f 2x2 p i x e l s
#pragma omp p a r a l l e l f o r
f o r ( i n t x = 0 ; x < M ∗ A; ++x) {

i n t x1 = x − 1 ;
115 i f ( x == 0) {

x1 = x + 1 ;
}
f o r ( i n t y = 0 ; y < N ∗ A; ++y) {

i n t y1 = y − 1 ;
120 i f ( y == 0) {

y1 = y + 1 ;
}
f l o a t z00 = z [ x ] [ y ] ;
f l o a t z01 = z [ x ] [ y1 ] ;

125 f l o a t z10 = z [ x1 ] [ y ] ;
f l o a t z11 = z [ x1 ] [ y1 ] ;
// contours
f l o a t mi = fminf ( fmin f ( fmin f ( z00 , z01 ) , z10 ) , z11 ) ;
f l o a t ma = fmaxf ( fmaxf ( fmaxf ( z00 , z01 ) , z10 ) , z11 ) ;

130 f l o a t s i = (mi > 0) − (0 > mi) ;
f l o a t sa = (ma > 0) − (0 > ma) ;
i n t s = s i == sa ;
g [ x ] [ y ] = s ∗ 255 ;

}
135 }
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// save as PPM
char f i l ename [ 1 0 0 ] ;
s n p r i n t f ( f i l ename , 100 , ” ch l adn i %.18 f %02d .pgm” , l [ k ] , k ) ;

140 FILE ∗ f = fopen ( f i l ename , ”wb”) ;
f p r i n t f ( f , ”P5\n%d %d\n255\n” , N ∗ A, M ∗ A) ;
fw r i t e ( g , M ∗ A ∗ N ∗ A, 1 , f ) ;
f c l o s e ( f ) ;

}
145

re turn 0 ;
}

22 chladni-plate/.gitignore

ch l adn i p l a t e
ch l adn ip l a t e − v i s u a l i z e
∗ .mkv
∗ . wav

5 ∗ . ogg
∗ . f l a c
∗ . png
∗ . dat
∗ . pdf

23 chladni-plate/Makefile

ch l adn i p l a t e : ch l adn i p l a t e . c
gcc −std=c99 −Wall −Wextra −pedant ic −O3 −march=nat ive − f f a s t −math −⤦

Ç fopenmp −fPIC −o ch l adn ip l a t e ch l adn i p l a t e . c −lm − l s n d f i l e −⤦
Ç l f f t w 3 f −lGL − l g l fw −lGLEW − l j a c k

24 COPYING

GNU AFFERO GENERAL PUBLIC LICENSE
Vers ion 3 , 19 November 2007

Copyright (C) 2007 Free Software Foundation , Inc . <http :// f s f . org/>
5 Everyone i s permitted to copy and d i s t r i b u t e verbatim cop i e s

o f t h i s l i c e n s e document , but changing i t i s not a l lowed .

Preamble

10 The GNU Af f e ro General Publ ic L i cense i s a f r e e , c opy l e f t l i c e n s e f o r
so f tware and other k inds o f works , s p e c i f i c a l l y des igned to ensure
cooperat i on with the community in the case o f network s e r v e r so f tware .

The l i c e n s e s f o r most so f tware and other p r a c t i c a l works are des igned
15 to take away your freedom to share and change the works . By contras t ,

our General Publ ic L i c en s e s are intended to guarantee your freedom to
share and change a l l v e r s i on s o f a program−−to make sure i t remains f r e e
so f tware f o r a l l i t s u s e r s .

20 When we speak o f f r e e so ftware , we are r e f e r r i n g to freedom , not
p r i c e . Our General Publ ic L i c en s e s are des igned to make sure that you
have the freedom to d i s t r i b u t e cop i e s o f f r e e so f tware ( and charge f o r
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them i f you wish ) , that you r e c e i v e source code or can get i t i f you
want i t , that you can change the so f tware or use p i e c e s o f i t in new

25 f r e e programs , and that you know you can do these th ing s .

Deve lopers that use our General Publ ic L i c en s e s p ro t e c t your r i g h t s
with two s t ep s : (1 ) a s s e r t copyr ight on the software , and (2 ) o f f e r
you t h i s L i cense which g i v e s you l e g a l permis s ion to copy , d i s t r i b u t e

30 and/or modify the so f tware .

A secondary b en e f i t o f de fend ing a l l users ’ freedom i s that
improvements made in a l t e r n a t e v e r s i on s o f the program , i f they
r e c e i v e widespread use , become ava i l a b l e f o r other deve l ope r s to

35 i n co rpo ra t e . Many deve l ope r s o f f r e e so f tware are heartened and
encouraged by the r e s u l t i n g cooperat i on . However , in the case o f
so f tware used on network s e rve r s , t h i s r e s u l t may f a i l to come about .
The GNU General Publ ic L i cense permits making a modi f i ed ve r s i on and
l e t t i n g the pub l i c a c c e s s i t on a s e r v e r without ever r e l e a s i n g i t s

40 source code to the pub l i c .

The GNU Af f e ro General Publ ic L i cense i s des igned s p e c i f i c a l l y to
ensure that , in such cases , the modi f i ed source code becomes a v a i l a b l e
to the community . I t r e qu i r e s the operator o f a network s e r v e r to

45 prov ide the source code o f the modi f i ed ve r s i on running the re to the
u s e r s o f that s e r v e r . Therefore , pub l i c use o f a modi f i ed vers ion , on
a pub l i c l y a c c e s s i b l e se rver , g i v e s the pub l i c a c c e s s to the source
code o f the modi f i ed ve r s i on .

50 An o lde r l i c e n s e , c a l l e d the Af f e ro General Publ ic L i cense and
publ i shed by Affero , was des igned to accompl ish s im i l a r goa l s . This i s
a d i f f e r e n t l i c e n s e , not a ve r s i on o f the Af f e ro GPL, but Af f e ro has
r e l e a s e d a new ve r s i on o f the Af f e ro GPL which permits r e l i c e n s i n g under
t h i s l i c e n s e .

55

The p r e c i s e terms and cond i t i on s f o r copying , d i s t r i b u t i o n and
mod i f i c a t i on f o l l ow .

TERMS AND CONDITIONS
60

0 . D e f i n i t i o n s .

”This L i cense ” r e f e r s to ve r s i on 3 o f the GNU Af f e ro General Publ ic L i cense .

65 ”Copyright ” a l s o means copyr ight − l i k e laws that apply to other k inds o f
works , such as semiconductor masks .

”The Program” r e f e r s to any copyr i gh tab l e work l i c e n s e d under t h i s
L i cense . Each l i c e n s e e i s addressed as ”you ” . ” L i c en s e e s ” and

70 ” r e c i p i e n t s ” may be i nd i v i d u a l s or o r gan i z a t i on s .

To ”modify” a work means to copy from or adapt a l l or part o f the work
in a f a sh i on r e qu i r i n g copyr ight permiss ion , other than the making o f an
exact copy . The r e s u l t i n g work i s c a l l e d a ”modi f i ed ve r s i on ” o f the

75 e a r l i e r work or a work ”based on” the e a r l i e r work .

A ” covered work” means e i t h e r the unmodif ied Program or a work based
on the Program .
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80 To ”propagate ” a work means to do anything with i t that , without
permiss ion , would make you d i r e c t l y or s e c onda r i l y l i a b l e f o r
in f r ingement under app l i c ab l e copyr ight law , except execut ing i t on a
computer or modifying a p r i va t e copy . Propagation i n c l ud e s copying ,
d i s t r i b u t i o n ( with or without mod i f i c a t i on ) , making a v a i l a b l e to the

85 publ ic , and in some coun t r i e s other a c t i v i t i e s as we l l .

To ”convey” a work means any kind o f propagat ion that enab l e s other
p a r t i e s to make or r e c e i v e cop i e s . Mere i n t e r a c t i o n with a user through
a computer network , with no t r a n s f e r o f a copy , i s not conveying .

90

An i n t e r a c t i v e user i n t e r f a c e d i s p l a y s ”Appropriate Legal Not i ce s ”
to the extent that i t i n c l ud e s a convenient and prominently v i s i b l e
f e a tu r e that (1 ) d i s p l a y s an appropr ia t e copyr ight not i ce , and (2 )
t e l l s the user that the re i s no warranty f o r the work ( except to the

95 extent that war rant i e s are provided ) , that l i c e n s e e s may convey the
work under t h i s License , and how to view a copy o f t h i s L i cense . I f
the i n t e r f a c e p r e s en t s a l i s t o f user commands or opt ions , such as a
menu , a prominent item in the l i s t meets t h i s c r i t e r i o n .

100 1 . Source Code .

The ” source code” f o r a work means the p r e f e r r e d form o f the work
f o r making mod i f i c a t i on s to i t . ”Object code” means any non− source
form o f a work .

105

A ”Standard I n t e r f a c e ” means an i n t e r f a c e that e i t h e r i s an o f f i c i a l
standard de f ined by a recogn i z ed standards body , or , in the case o f
i n t e r f a c e s s p e c i f i e d f o r a p a r t i c u l a r programming language , one that
i s wide ly used among deve l ope r s working in that language .

110

The ”System L i b r a r i e s ” o f an executab l e work inc lude anything , other
than the work as a whole , that ( a ) i s inc luded in the normal form o f
packaging a Major Component , but which i s not part o f that Major
Component , and (b) s e r v e s only to enable use o f the work with that

115 Major Component , or to implement a Standard I n t e r f a c e f o r which an
implementation i s a v a i l a b l e to the pub l i c in source code form . A
”Major Component” , in t h i s context , means a major e s s e n t i a l component
( kerne l , window system , and so on ) o f the s p e c i f i c opera t ing system
( i f any ) on which the executab l e work runs , or a compi le r used to

120 produce the work , or an ob j e c t code i n t e r p r e t e r used to run i t .

The ”Corresponding Source ” f o r a work in ob j e c t code form means a l l
the source code needed to generate , i n s t a l l , and ( f o r an executab l e
work ) run the ob j e c t code and to modify the work , i n c l ud ing s c r i p t s to

125 c on t r o l those a c t i v i t i e s . However , i t does not in c lude the work ’ s
System L ib ra r i e s , or genera l −purpose t o o l s or g en e r a l l y a v a i l a b l e f r e e
programs which are used unmodif ied in per forming those a c t i v i t i e s but
which are not part o f the work . For example , Corresponding Source
i n c l ud e s i n t e r f a c e d e f i n i t i o n f i l e s a s s o c i a t ed with source f i l e s f o r

130 the work , and the source code f o r shared l i b r a r i e s and dynamical ly
l i nked subprograms that the work i s s p e c i f i c a l l y des igned to requ i r e ,
such as by int imate data communication or c on t r o l f low between those
subprograms and other par t s o f the work .

135 The Corresponding Source need not in c lude anything that u s e r s
can r egene ra t e automat i ca l l y from other par t s o f the Corresponding
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Source .

The Corresponding Source f o r a work in source code form i s that
140 same work .

2 . Bas ic Permiss ions .

Al l r i g h t s granted under t h i s L i cense are granted f o r the term o f
145 copyr ight on the Program , and are i r r e v o c ab l e provided the s ta t ed

cond i t i on s are met . This L i cense e x p l i c i t l y a f f i rm s your un l imited
permis s ion to run the unmodif ied Program . The output from running a
covered work i s covered by t h i s L i cense only i f the output , g iven i t s
content , c o n s t i t u t e s a covered work . This L i cense acknowledges your

150 r i g h t s o f f a i r use or other equ iva l ent , as provided by copyr ight law .

You may make , run and propagate covered works that you do not
convey , without cond i t i on s so long as your l i c e n s e otherwi se remains
in f o r c e . You may convey covered works to o the r s f o r the s o l e purpose

155 o f having them make mod i f i c a t i on s e x c l u s i v e l y f o r you , or prov ide you
with f a c i l i t i e s f o r running those works , provided that you comply with
the terms o f t h i s L i cense in conveying a l l mate r i a l f o r which you do
not c on t r o l copyr ight . Those thus making or running the covered works
f o r you must do so e x c l u s i v e l y on your beha l f , under your d i r e c t i o n

160 and contro l , on terms that p r oh i b i t them from making any cop i e s o f
your copyr ighted mate r i a l ou t s id e t h e i r r e l a t i o n s h i p with you .

Conveying under any other c i r cumstances i s permitted s o l e l y under
the cond i t i on s s ta t ed below . Sub l i c en s i ng i s not a l lowed ; s e c t i o n 10

165 makes i t unnecessary .

3 . Pro tec t ing Users ’ Legal Rights From Anti−Circumvention Law .

No covered work s h a l l be deemed part o f an e f f e c t i v e t e c hno l o g i c a l
170 measure under any app l i c ab l e law f u l f i l l i n g o b l i g a t i o n s under a r t i c l e

11 o f the WIPO copyr ight t r ea ty adopted on 20 December 1996 , or
s im i l a r laws p r oh i b i t i n g or r e s t r i c t i n g c ircumvent ion o f such
measures .

175 When you convey a covered work , you waive any l e g a l power to f o rb i d
c i rcumvent ion o f t e c hno l o g i c a l measures to the extent such c ircumvent ion
i s e f f e c t e d by e x e r c i s i n g r i g h t s under t h i s L i cense with r e sp e c t to
the covered work , and you d i s c l a im any i n t en t i on to l im i t opera t i on or
mod i f i c a t i on o f the work as a means o f en fo rc ing , aga in s t the work ’ s

180 users , your or th i rd pa r t i e s ’ l e g a l r i g h t s to f o rb i d c i rcumvent ion o f
t e c hno l o g i c a l measures .

4 . Conveying Verbatim Copies .

185 You may convey verbatim cop i e s o f the Program ’ s source code as you
r e c e i v e i t , in any medium , provided that you consp i cuous ly and
approp r i a t e l y pub l i sh on each copy an appropr ia t e copyr ight no t i c e ;
keep i n t a c t a l l n o t i c e s s t a t i n g that t h i s L i cense and any
non−permi s s i v e terms added in accord with s e c t i o n 7 apply to the code ;

190 keep i n t a c t a l l n o t i c e s o f the absence o f any warranty ; and g ive a l l
r e c i p i e n t s a copy o f t h i s L i cense along with the Program .

You may charge any p r i c e or no p r i c e f o r each copy that you convey ,
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and you may o f f e r support or warranty p ro t e c t i on f o r a f e e .
195

5 . Conveying Modif ied Source Vers ions .

You may convey a work based on the Program , or the mod i f i c a t i on s to
produce i t from the Program , in the form o f source code under the

200 terms o f s e c t i o n 4 , provided that you a l s o meet a l l o f the se c ond i t i on s :

a ) The work must car ry prominent no t i c e s s t a t i n g that you modi f i ed
i t , and g iv ing a r e l e van t date .

205 b) The work must car ry prominent no t i c e s s t a t i n g that i t i s
r e l e a s e d under t h i s L i cense and any cond i t i on s added under s e c t i o n
7 . This requirement mod i f i e s the requirement in s e c t i o n 4 to
”keep i n t a c t a l l n o t i c e s ” .

210 c ) You must l i c e n s e the e n t i r e work , as a whole , under t h i s
L i cense to anyone who comes in to po s s e s s i on o f a copy . This
L i cense w i l l t h e r e f o r e apply , a long with any app l i c ab l e s e c t i o n 7
add i t i o na l terms , to the whole o f the work , and a l l i t s parts ,
r e g a r d l e s s o f how they are packaged . This L i cense g i v e s no

215 permis s ion to l i c e n s e the work in any other way , but i t does not
i n v a l i d a t e such permis s ion i f you have s epa r a t e l y r e c e i v ed i t .

d ) I f the work has i n t e r a c t i v e user i n t e r f a c e s , each must d i sp l ay
Appropriate Legal Not i ce s ; however , i f the Program has i n t e r a c t i v e

220 i n t e r f a c e s that do not d i sp l ay Appropriate Legal Not ices , your
work need not make them do so .

A compi la t ion o f a covered work with other s epara t e and independent
works , which are not by t h e i r nature ex t en s i on s o f the covered work ,

225 and which are not combined with i t such as to form a l a r g e r program ,
in or on a volume o f a s to rage or d i s t r i b u t i o n medium , i s c a l l e d an
” aggregate ” i f the compi la t ion and i t s r e s u l t i n g copyr ight are not
used to l im i t the a c c e s s or l e g a l r i g h t s o f the compi lat ion ’ s u s e r s
beyond what the i nd i v i dua l works permit . I n c l u s i o n o f a covered work

230 in an aggregate does not cause t h i s L i cense to apply to the other
par t s o f the aggregate .

6 . Conveying Non−Source Forms .

235 You may convey a covered work in ob j e c t code form under the terms
o f s e c t i o n s 4 and 5 , provided that you a l s o convey the
machine− r eadab le Corresponding Source under the terms o f t h i s License ,
in one o f the se ways :

240 a ) Convey the ob j e c t code in , or embodied in , a phy s i c a l product
( i n c l ud ing a phy s i c a l d i s t r i b u t i o n medium) , accompanied by the
Corresponding Source f i x ed on a durable phy s i c a l medium
customar i ly used f o r so f tware in te rchange .

245 b) Convey the ob j e c t code in , or embodied in , a phy s i c a l product
( i n c l ud ing a phy s i c a l d i s t r i b u t i o n medium) , accompanied by a
wr i t t en o f f e r , v a l i d f o r at l e a s t three years and va l i d f o r as
long as you o f f e r spare par t s or customer support f o r that product
model , to g ive anyone who po s s e s s e s the ob j e c t code e i t h e r (1 ) a

250 copy o f the Corresponding Source f o r a l l the so f tware in the
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product that i s covered by t h i s License , on a durable phy s i c a l
medium customar i ly used f o r so f tware interchange , f o r a p r i c e no
more than your rea sonab l e co s t o f phy s i c a l l y per forming t h i s
conveying o f source , or (2 ) a c c e s s to copy the

255 Corresponding Source from a network s e r v e r at no charge .

c ) Convey i nd i v i dua l c op i e s o f the ob j e c t code with a copy o f the
wr i t t en o f f e r to prov ide the Corresponding Source . This
a l t e r n a t i v e i s a l lowed only o c c a s i o n a l l y and noncommercial ly , and

260 only i f you r e c e i v ed the ob j e c t code with such an o f f e r , in accord
with subs e c t i on 6b .

d) Convey the ob j e c t code by o f f e r i n g ac c e s s from a des ignated
p lace ( g r a t i s or f o r a charge ) , and o f f e r equ iva l en t a c c e s s to the

265 Corresponding Source in the same way through the same p lace at no
f u r t h e r charge . You need not r e qu i r e r e c i p i e n t s to copy the
Corresponding Source along with the ob j e c t code . I f the p lace to
copy the ob j e c t code i s a network se rver , the Corresponding Source
may be on a d i f f e r e n t s e r v e r ( operated by you or a th i rd party )

270 that supports equ iva l en t copying f a c i l i t i e s , provided you maintain
c l e a r d i r e c t i o n s next to the ob j e c t code say ing where to f i nd the
Corresponding Source . Regard le s s o f what s e r v e r hos t s the
Corresponding Source , you remain ob l i g a t ed to ensure that i t i s
a v a i l a b l e f o r as long as needed to s a t i s f y these requ i rements .

275

e ) Convey the ob j e c t code us ing peer −to−peer t ransmis s ion , provided
you inform other pee r s where the ob j e c t code and Corresponding
Source o f the work are being o f f e r e d to the gene ra l pub l i c at no
charge under subse c t i on 6d .

280

A separab l e por t i on o f the ob j e c t code , whose source code i s excluded
from the Corresponding Source as a System Library , need not be
inc luded in conveying the ob j e c t code work .

285 A ”User Product” i s e i t h e r (1 ) a ”consumer product ” , which means any
t ang i b l e pe r sona l property which i s normally used f o r persona l , fami ly ,
or household purposes , or (2 ) anything des igned or so ld f o r i n co rpo ra t i on
in to a dwe l l i ng . In determining whether a product i s a consumer product ,
doubt fu l c a s e s s h a l l be r e s o l v ed in favor o f coverage . For a p a r t i c u l a r

290 product r e c e i v ed by a p a r t i c u l a r user , ” normally used” r e f e r s to a
t yp i c a l or common use o f that c l a s s o f product , r e g a r d l e s s o f the s t a tu s
o f the p a r t i c u l a r user or o f the way in which the p a r t i c u l a r user
a c t ua l l y uses , or expect s or i s expected to use , the product . A product
i s a consumer product r e g a r d l e s s o f whether the product has s ub s t an t i a l

295 commercial , i n d u s t r i a l or non−consumer uses , un l e s s such uses r ep r e s en t
the only s i g n i f i c a n t mode o f use o f the product .

” I n s t a l l a t i o n In format ion ” f o r a User Product means any methods ,
procedures , au tho r i z a t i on keys , or other in fo rmat ion r equ i r ed to i n s t a l l

300 and execute modi f i ed v e r s i on s o f a covered work in that User Product from
a modi f i ed ve r s i on o f i t s Corresponding Source . The in fo rmat ion must
s u f f i c e to ensure that the cont inued func t i on ing o f the modi f i ed ob j e c t
code i s in no case prevented or i n t e r f e r e d with s o l e l y because
mod i f i c a t i on has been made .

305

I f you convey an ob j e c t code work under t h i s s e c t i o n in , or with , or
s p e c i f i c a l l y f o r use in , a User Product , and the conveying occurs as
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part o f a t r an sa c t i on in which the r i g h t o f po s s e s s i on and use o f the
User Product i s t r a n s f e r r e d to the r e c i p i e n t in pe rpe tu i ty or f o r a

310 f i x e d term ( r e g a r d l e s s o f how the t r an sa c t i on i s cha r a c t e r i z ed ) , the
Corresponding Source conveyed under t h i s s e c t i o n must be accompanied
by the I n s t a l l a t i o n In format ion . But t h i s requirement does not apply
i f n e i t h e r you nor any th i rd party r e t a i n s the a b i l i t y to i n s t a l l
modi f i ed ob j e c t code on the User Product ( f o r example , the work has

315 been i n s t a l l e d in ROM) .

The requirement to prov ide I n s t a l l a t i o n In format ion does not in c lude a
requirement to cont inue to prov ide support s e r v i c e , warranty , or updates
f o r a work that has been modi f i ed or i n s t a l l e d by the r e c i p i e n t , or f o r

320 the User Product in which i t has been modi f i ed or i n s t a l l e d . Access to a
network may be denied when the mod i f i c a t i on i t s e l f ma t e r i a l l y and
adve r s e l y a f f e c t s the opera t i on o f the network or v i o l a t e s the r u l e s and
p ro t o c o l s f o r communication ac ro s s the network .

325 Corresponding Source conveyed , and I n s t a l l a t i o n In format ion provided ,
in accord with t h i s s e c t i o n must be in a format that i s pub l i c l y
documented ( and with an implementation a v a i l a b l e to the pub l i c in
source code form ) , and must r e qu i r e no s p e c i a l password or key f o r
unpacking , read ing or copying .

330

7 . Addi t iona l Terms .

”Addi t iona l pe rmi s s i ons ” are terms that supplement the terms o f t h i s
L i cense by making except i ons from one or more o f i t s c ond i t i on s .

335 Addi t iona l pe rmi s s i ons that are app l i c ab l e to the e n t i r e Program s h a l l
be t r ea t ed as though they were inc luded in t h i s License , to the extent
that they are va l i d under app l i c ab l e law . I f add i t i o na l pe rmi s s i ons
apply only to part o f the Program , that part may be used s epa r a t e l y
under those permiss ions , but the e n t i r e Program remains governed by

340 t h i s L i cense without regard to the add i t i o na l pe rmi s s i ons .

When you convey a copy o f a covered work , you may at your opt ion
remove any add i t i o na l pe rmi s s i ons from that copy , or from any part o f
i t . ( Addi t iona l pe rmi s s i ons may be wr i t t en to r e qu i r e t h e i r own

345 removal in c e r t a i n ca s e s when you modify the work . ) You may p lace
add i t i o na l pe rmi s s i ons on mater ia l , added by you to a covered work ,
f o r which you have or can g ive appropr ia t e copyr ight permis s ion .

Notwithstanding any other p r ov i s i on o f t h i s License , f o r mate r i a l you
350 add to a covered work , you may ( i f author i zed by the copyr ight ho lde r s o f

that mate r i a l ) supplement the terms o f t h i s L i cense with terms :

a ) Di sc la iming warranty or l im i t i n g l i a b i l i t y d i f f e r e n t l y from the
terms o f s e c t i o n s 15 and 16 o f t h i s L i cense ; or

355

b) Requir ing p r e s e r va t i on o f s p e c i f i e d rea sonab l e l e g a l n o t i c e s or
author a t t r i b u t i o n s in that mate r i a l or in the Appropriate Legal
Not i ce s d i sp l ayed by works conta in ing i t ; or

360 c ) Proh ib i t i ng mi s r ep r e s en ta t i on o f the o r i g i n o f that mater ia l , or
r e qu i r i n g that modi f i ed v e r s i on s o f such mate r i a l be marked in
rea sonab l e ways as d i f f e r e n t from the o r i g i n a l v e r s i on ; or

d) Limit ing the use f o r pub l i c i t y purposes o f names o f l i c e n s o r s or
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365 authors o f the mate r i a l ; or

e ) Dec l in ing to grant r i g h t s under trademark law f o r use o f some
trade names , trademarks , or s e r v i c e marks ; or

370 f ) Requir ing i ndemn i f i c a t i on o f l i c e n s o r s and authors o f that
mate r i a l by anyone who conveys the mate r i a l ( or modi f i ed v e r s i on s o f
i t ) with con t ra c tua l assumptions o f l i a b i l i t y to the r e c i p i e n t , f o r
any l i a b i l i t y that these con t r a c tua l assumptions d i r e c t l y impose on
those l i c e n s o r s and authors .

375

Al l other non−permi s s i v e add i t i ona l terms are cons ide r ed ” f u r t h e r
r e s t r i c t i o n s ” with in the meaning o f s e c t i o n 10 . I f the Program as you
r e c e i v ed i t , or any part o f i t , conta in s a no t i c e s t a t i n g that i t i s
governed by t h i s L i cense along with a term that i s a f u r t h e r

380 r e s t r i c t i o n , you may remove that term . I f a l i c e n s e document conta in s
a f u r t h e r r e s t r i c t i o n but permits r e l i c e n s i n g or conveying under t h i s
License , you may add to a covered work mate r i a l governed by the terms
o f that l i c e n s e document , provided that the f u r t h e r r e s t r i c t i o n does
not su rv iv e such r e l i c e n s i n g or conveying .

385

I f you add terms to a covered work in accord with t h i s s e c t i on , you
must place , in the r e l e van t source f i l e s , a statement o f the
add i t i o na l terms that apply to those f i l e s , or a no t i c e i nd i c a t i n g
where to f i nd the app l i c ab l e terms .

390

Addit iona l terms , pe rmi s s i v e or non−permiss ive , may be s ta t ed in the
form o f a s epa r a t e l y wr i t t en l i c e n s e , or s ta t ed as except i on s ;
the above requi rements apply e i t h e r way .

395 8 . Termination .

You may not propagate or modify a covered work except as exp r e s s l y
provided under t h i s L i cense . Any attempt otherwi s e to propagate or
modify i t i s void , and w i l l automat i ca l l y terminate your r i g h t s under

400 t h i s L i cense ( i n c l ud ing any patent l i c e n s e s granted under the th i rd
paragraph o f s e c t i o n 11) .

However , i f you cease a l l v i o l a t i o n o f t h i s License , then your
l i c e n s e from a pa r t i c u l a r copyr ight ho lder i s r e i n s t a t e d ( a )

405 p r ov i s i o n a l l y , un l e s s and un t i l the copyr ight ho lder e x p l i c i t l y and
f i n a l l y te rminates your l i c e n s e , and (b) permanently , i f the copyr ight
ho lder f a i l s to no t i f y you o f the v i o l a t i o n by some reasonab l e means
p r i o r to 60 days a f t e r the c e s s a t i o n .

410 Moreover , your l i c e n s e from a pa r t i c u l a r copyr ight ho lder i s
r e i n s t a t e d permanently i f the copyr ight ho lder n o t i f i e s you o f the
v i o l a t i o n by some reasonab l e means , t h i s i s the f i r s t time you have
r e c e i v ed no t i c e o f v i o l a t i o n o f t h i s L i cense ( f o r any work ) from that
copyr ight holder , and you cure the v i o l a t i o n p r i o r to 30 days a f t e r

415 your r e c e i p t o f the no t i c e .

Termination o f your r i g h t s under t h i s s e c t i o n does not terminate the
l i c e n s e s o f p a r t i e s who have r e c e i v ed cop i e s or r i g h t s from you under
t h i s L i cense . I f your r i g h t s have been terminated and not permanently

420 r e i n s t a t ed , you do not qu a l i f y to r e c e i v e new l i c e n s e s f o r the same
mate r i a l under s e c t i o n 10 .
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9 . Acceptance Not Required f o r Having Copies .

425 You are not r equ i r ed to accept t h i s L i cense in order to r e c e i v e or
run a copy o f the Program . Anc i l l a r y propagat ion o f a covered work
occur r ing s o l e l y as a consequence o f us ing peer −to−peer t ransmi s s i on
to r e c e i v e a copy l i k ew i s e does not r e qu i r e acceptance . However ,
nothing other than t h i s L i cense grants you permis s ion to propagate or

430 modify any covered work . These a c t i on s i n f r i n g e copyr ight i f you do
not accept t h i s L i cense . Therefore , by modifying or propagat ing a
covered work , you i nd i c a t e your acceptance o f t h i s L i cense to do so .

10 . Automatic L i c ens ing o f Downstream Rec ip i en t s .
435

Each time you convey a covered work , the r e c i p i e n t automat i ca l l y
r e c e i v e s a l i c e n s e from the o r i g i n a l l i c e n s o r s , to run , modify and
propagate that work , sub j e c t to t h i s L i cense . You are not r e s p on s i b l e
f o r en f o r c i ng compliance by th i rd p a r t i e s with t h i s L i cense .

440

An ” en t i t y t r an sa c t i on ” i s a t r an sa c t i on t r a n s f e r r i n g con t r o l o f an
organ i za t i on , or s u b s t a n t i a l l y a l l a s s e t s o f one , or subd iv id ing an
organ i za t i on , or merging o r gan i z a t i on s . I f propagat ion o f a covered
work r e s u l t s from an en t i t y t ransac t i on , each party to that

445 t r an sa c t i on who r e c e i v e s a copy o f the work a l s o r e c e i v e s whatever
l i c e n s e s to the work the party ’ s p r edec e s s o r in i n t e r e s t had or could
g ive under the prev ious paragraph , p lus a r i g h t to po s s e s s i on o f the
Corresponding Source o f the work from the pr edec e s so r in i n t e r e s t , i f
the p r edec e s s o r has i t or can get i t with rea sonab l e e f f o r t s .

450

You may not impose any f u r t h e r r e s t r i c t i o n s on the e x e r c i s e o f the
r i g h t s granted or a f f i rmed under t h i s L i cense . For example , you may
not impose a l i c e n s e fee , roya l ty , or other charge f o r e x e r c i s e o f
r i g h t s granted under t h i s License , and you may not i n i t i a t e l i t i g a t i o n

455 ( i n c l ud ing a cros s −c la im or counterc la im in a l awsu i t ) a l l e g i n g that
any patent c la im i s i n f r i n g e d by making , using , s e l l i n g , o f f e r i n g f o r
sa l e , or import ing the Program or any por t i on o f i t .

11 . Patents .
460

A ” cont r i bu to r ” i s a copyr ight ho lder who au tho r i z e s use under t h i s
L i cense o f the Program or a work on which the Program i s based . The
work thus l i c e n s e d i s c a l l e d the contr ibutor ’ s ” con t r i bu to r v e r s i on ” .

465 A contr ibutor ’ s ” e s s e n t i a l patent c la ims ” are a l l patent c la ims
owned or c on t r o l l e d by the cont r ibutor , whether a l r eady acqu i red or
h e r e a f t e r acquired , that would be i n f r i n g e d by some manner , permitted
by t h i s License , o f making , using , or s e l l i n g i t s con t r i bu to r ver s ion ,
but do not in c lude c la ims that would be i n f r i n g e d only as a

470 consequence o f f u r t h e r mod i f i c a t i on o f the con t r i bu to r ve r s i on . For
purposes o f t h i s d e f i n i t i o n , ” c on t r o l ” i n c l ud e s the r i g h t to grant
patent s ub l i c e n s e s in a manner c on s i s t e n t with the requi rements o f
t h i s L i cense .

475 Each con t r i bu to r grants you a non− exc lu s i v e , worldwide , roya l ty − f r e e
patent l i c e n s e under the cont r ibutor ’ s e s s e n t i a l patent c la ims , to
make , use , s e l l , o f f e r f o r sa l e , import and otherw i s e run , modify and
propagate the contents o f i t s c on t r i bu to r ve r s i on .
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480 In the f o l l ow i n g three paragraphs , a ” patent l i c e n s e ” i s any expre s s
agreement or commitment , however denominated , not to en f o r c e a patent
( such as an expre s s permis s ion to p r a c t i c e a patent or covenant not to
sue f o r patent in f r ingement ) . To ” grant ” such a patent l i c e n s e to a
party means to make such an agreement or commitment not to en f o r c e a

485 patent aga in s t the party .

I f you convey a covered work , knowingly r e l y i n g on a patent l i c e n s e ,
and the Corresponding Source o f the work i s not a v a i l a b l e f o r anyone
to copy , f r e e o f charge and under the terms o f t h i s License , through a

490 pub l i c l y a v a i l a b l e network s e r v e r or other r e a d i l y a c c e s s i b l e means ,
then you must e i t h e r (1 ) cause the Corresponding Source to be so
ava i l ab l e , or (2 ) arrange to depr ive y ou r s e l f o f the b en e f i t o f the
patent l i c e n s e f o r t h i s p a r t i c u l a r work , or (3 ) arrange , in a manner
c on s i s t e n t with the requi rements o f t h i s License , to extend the patent

495 l i c e n s e to downstream r e c i p i e n t s . ”Knowingly r e l y i n g ” means you have
ac tua l knowledge that , but f o r the patent l i c e n s e , your conveying the
covered work in a country , or your r e c i p i e n t ’ s use o f the covered work
in a country , would i n f r i n g e one or more i d e n t i f i a b l e patents in that
country that you have reason to b e l i e v e are va l i d .

500

I f , pursuant to or in connect ion with a s i n g l e t r an sa c t i on or
arrangement , you convey , or propagate by procur ing conveyance of , a
covered work , and grant a patent l i c e n s e to some o f the p a r t i e s
r e c e i v i n g the covered work autho r i z i ng them to use , propagate , modify

505 or convey a s p e c i f i c copy o f the covered work , then the patent l i c e n s e
you grant i s automat i ca l l y extended to a l l r e c i p i e n t s o f the covered
work and works based on i t .

A patent l i c e n s e i s ” d i s c r im ina to ry ” i f i t does not in c lude with in
510 the scope o f i t s coverage , p r oh i b i t s the e x e r c i s e of , or i s

cond i t i oned on the non− e x e r c i s e o f one or more o f the r i g h t s that are
s p e c i f i c a l l y granted under t h i s L i cense . You may not convey a covered
work i f you are a party to an arrangement with a th i rd party that i s
in the bus in e s s o f d i s t r i b u t i n g software , under which you make payment

515 to the th i rd party based on the extent o f your a c t i v i t y o f conveying
the work , and under which the th i rd party grants , to any o f the
p a r t i e s who would r e c e i v e the covered work from you , a d i s c r im ina to ry
patent l i c e n s e ( a ) in connect ion with cop i e s o f the covered work
conveyed by you ( or cop i e s made from those cop i e s ) , or (b) p r imar i l y

520 f o r and in connect ion with s p e c i f i c products or compi l a t i ons that
conta in the covered work , un l e s s you entered in to that arrangement ,
or that patent l i c e n s e was granted , p r i o r to 28 March 2007 .

Nothing in t h i s L i cense s h a l l be construed as exc lud ing or l im i t i n g
525 any impl i ed l i c e n s e or other de f en s e s to in f r ingement that may

otherwi s e be a v a i l a b l e to you under app l i c ab l e patent law .

12 . No Surrender o f Others ’ Freedom .

530 I f c ond i t i on s are imposed on you ( whether by court order , agreement or
otherwi s e ) that con t r ad i c t the cond i t i on s o f t h i s License , they do not
excuse you from the cond i t i on s o f t h i s L i cense . I f you cannot convey a
covered work so as to s a t i s f y s imul taneous ly your o b l i g a t i o n s under t h i s
L i cense and any other pe r t i n en t ob l i g a t i on s , then as a consequence you may

535 not convey i t at a l l . For example , i f you agree to terms that ob l i g a t e you
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to c o l l e c t a roya l ty f o r f u r t h e r conveying from those to whom you convey
the Program , the only way you could s a t i s f y both those terms and t h i s
L i cense would be to r e f r a i n e n t i r e l y from conveying the Program .

540 13 . Remote Network I n t e r a c t i o n ; Use with the GNU General Publ ic L i cense .

Notwithstanding any other p r ov i s i on o f t h i s License , i f you modify the
Program , your modi f i ed ve r s i on must prominently o f f e r a l l u s e r s
i n t e r a c t i n g with i t remotely through a computer network ( i f your ve r s i on

545 supports such i n t e r a c t i o n ) an opportunity to r e c e i v e the Corresponding
Source o f your ve r s i on by prov id ing ac c e s s to the Corresponding Source
from a network s e r v e r at no charge , through some standard or customary
means o f f a c i l i t a t i n g copying o f so f tware . This Corresponding Source
s h a l l i n c lude the Corresponding Source f o r any work covered by ve r s i on 3

550 o f the GNU General Publ ic L i cense that i s inco rpora ted pursuant to the
f o l l ow i n g paragraph .

Notwithstanding any other p r ov i s i on o f t h i s License , you have
permis s ion to l i n k or combine any covered work with a work l i c e n s e d

555 under ve r s i on 3 o f the GNU General Publ ic L i cense in to a s i n g l e
combined work , and to convey the r e s u l t i n g work . The terms o f t h i s
L i cense w i l l cont inue to apply to the part which i s the covered work ,
but the work with which i t i s combined w i l l remain governed by ve r s i on
3 o f the GNU General Publ ic L i cense .

560

14 . Revised Vers ions o f t h i s L i cense .

The Free Software Foundation may pub l i sh r e v i s ed and/or new ve r s i on s o f
the GNU Af f e ro General Publ ic L i cense from time to time . Such new ve r s i on s

565 w i l l be s im i l a r in s p i r i t to the pre sent vers ion , but may d i f f e r in d e t a i l to
address new problems or concerns .

Each ve r s i on i s g iven a d i s t i n g u i s h i n g ve r s i on number . I f the
Program s p e c i f i e s that a c e r t a i n numbered ve r s i on o f the GNU Af fe ro General

570 Publ ic L i cense ” or any l a t e r v e r s i on ” app l i e s to i t , you have the
opt ion o f f o l l ow i ng the terms and cond i t i on s e i t h e r o f that numbered
ve r s i on or o f any l a t e r v e r s i on publ i shed by the Free Software
Foundation . I f the Program does not s p e c i f y a ve r s i on number o f the
GNU Af f e ro General Publ ic License , you may choose any ve r s i on ever publ i shed

575 by the Free Software Foundation .

I f the Program s p e c i f i e s that a proxy can dec ide which fu tu r e
v e r s i on s o f the GNU Af fe ro General Publ ic L i cense can be used , that proxy ’ s
pub l i c statement o f acceptance o f a ve r s i on permanently au tho r i z e s you

580 to choose that ve r s i on f o r the Program .

Later l i c e n s e v e r s i on s may g ive you add i t i ona l or d i f f e r e n t
pe rmi s s i ons . However , no add i t i o na l o b l i g a t i o n s are imposed on any
author or copyr ight ho lder as a r e s u l t o f your choos ing to f o l l ow a

585 l a t e r v e r s i on .

15 . D i sc la imer o f Warranty .

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
590 APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT

HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM ”AS IS” WITHOUT WARRANTY
OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO,
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THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM

595 IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF
ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

16 . L imi tat ion o f L i a b i l i t y .

600 IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS
THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY
GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE
USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF

605 DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD
PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS) ,
EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES.

610 17 . I n t e r p r e t a t i o n o f Se c t i on s 15 and 16 .

I f the d i s c l a ime r o f warranty and l im i t a t i o n o f l i a b i l i t y provided
above cannot be g iven l o c a l l e g a l e f f e c t accord ing to t h e i r terms ,
r ev i ewing cour t s s h a l l apply l o c a l law that most c l o s e l y approximates

615 an abso lu t e waiver o f a l l c i v i l l i a b i l i t y in connect ion with the
Program , un l e s s a warranty or assumption o f l i a b i l i t y accompanies a
copy o f the Program in return f o r a f e e .

END OF TERMS AND CONDITIONS
620

How to Apply These Terms to Your New Programs

I f you develop a new program , and you want i t to be o f the g r e a t e s t
p o s s i b l e use to the publ ic , the bes t way to ach ieve t h i s i s to make i t

625 f r e e so f tware which everyone can r e d i s t r i b u t e and change under these terms .

To do so , attach the f o l l ow i n g no t i c e s to the program . I t i s s a f e s t
to attach them to the s t a r t o f each source f i l e to most e f f e c t i v e l y
s t a t e the ex c l u s i on o f warranty ; and each f i l e should have at l e a s t

630 the ” copyr ight ” l i n e and a po in t e r to where the f u l l no t i c e i s found .

<one l i n e to g ive the program ’ s name and a b r i e f idea o f what i t does .>
Copyright (C) <year> <name o f author>

635 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU Af f e ro General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

640 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU Af f e ro General Publ ic L i cense f o r more d e t a i l s .

645 You should have r e c e i v ed a copy o f the GNU Af f e ro General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

Also add in fo rmat ion on how to contact you by e l e c t r o n i c and paper mail .
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650 I f your so f tware can i n t e r a c t with u s e r s remotely through a computer
network , you should a l s o make sure that i t p rov ide s a way f o r u s e r s to
get i t s source . For example , i f your program i s a web app l i c a t i on , i t s
i n t e r f a c e could d i sp l ay a ”Source ” l i n k that l e ad s u s e r s to an arch ive
o f the code . There are many ways you could o f f e r source , and d i f f e r e n t

655 s o l u t i o n s w i l l be be t t e r f o r d i f f e r e n t programs ; s ee s e c t i o n 13 f o r the
s p e c i f i c requ i rements .

You should a l s o get your employer ( i f you work as a programmer ) or schoo l ,
i f any , to s i gn a ” copyr ight d i s c l a ime r ” f o r the program , i f nece s sa ry .

660 For more in fo rmat ion on th i s , and how to apply and f o l l ow the GNU AGPL, see
<http ://www. gnu . org / l i c e n s e s />.
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/∗
cypi −− audio−v i s u a l drone f o r OpenGL and JACK
Copyright (C) 2010 ,2018 Claude Heiland −Allen <claude@mathr . co . uk>

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU Af f e ro General Publ ic L i cense as
publ i shed by the Free Software Foundation , e i t h e r v e r s i on 3 o f the
License , or ( at your opt ion ) any l a t e r v e r s i on .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU Af f e ro General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU Af f e ro General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

∗/

/∗ standard C l i b r a r y ∗/
20 #inc lude <math . h>

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

25

/∗ OpenGL l i b r a r y ∗/
#inc lude <GL/glew . h>
#inc lude <GL/ g lu t . h>

30 /∗ JACK l i b r a r y ∗/
#inc lude <j ack / jack . h>

#de f i n e twopi 6.283185307179586
#de f i n e CYPI SIZE 1024

35 #de f i n e CYPI COUNT 48

/∗ non− r e a l t ime mode ∗/
s t a t i c i n t c yp i n r t ;

40 /∗ JACK s t a t e ∗/
s t a t i c s t r u c t {

/∗ JACK handles ∗/
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j a c k c l i e n t t ∗ c l i e n t ;
j a c k p o r t t ∗port [ 2 ] ;

45 /∗ audio bu f f e r s ∗/
unsigned i n t index ;
j a c k d e f au l t aud i o s amp l e t bu f f e r [ 2 ] [ 2 ] [ CYPI SIZE ] ;
/∗ DC blocke r f i l t e r s ∗/
j a c k d e f au l t aud i o s amp l e t r [ 2 ] , xn1 [ 2 ] , yn1 [ 2 ] ;

50 /∗ nrt th ing s ∗/
FILE ∗ f l ;
FILE ∗ f r ;

} c yp i j a c k ;

55 /∗ OpenGL s t a t e ∗/
s t a t i c s t r u c t {

/∗ frame count ∗/
i n t frame ;
unsigned i n t frameR ;

60 /∗ window ∗/
i n t winw , winh ;
f l o a t s c a l e ;
/∗ frame bu f f e r ∗/
GLuint fbo ;

65 /∗ t ex ture ∗/
unsigned i n t tex ;
i n t texw , texh ;
/∗ shader ∗/
GLcharARB ∗ s r c ;

70 GLhandleARB prog ;
GLhandleARB f rag ;
GLcharARB ∗ s r c2 ;
GLhandleARB prog2 ;
GLhandleARB f rag2 ;

75 /∗ uni forms ∗/
GLint number ;
GLint amount ;
GLfloat numberm [ 1 6 ] ;
GLfloat amountv [ 4 ] ;

80 GLint tex2 ;
GLint fade2 ;
/∗ nrt th ing s ∗/
unsigned char ∗ bu f f e r ;
FILE ∗ fv ;

85 i n t frame2 ;
i n t frame3 ;
i n t frameT ;
i n t frameC ;

} c y p i g l ;
90

/∗ synch ron i s a t i on between JACK ca l l ba ck thread and OpenGL main thread ∗/
s t a t i c v o l a t i l e i n t cypi which = 0 ;

/∗ GLUT d i sp l ay ca l l ba ck ∗/
95 s t a t i c void c yp i d i s p l a y ( ) {

/∗ modulation amounts based on frame count ∗/
f l o a t z = 0 .5 − 0 .5 ∗ cos ( twopi ∗ c y p i g l . frame / CYPI SIZE) ;
f o r ( i n t i = 0 ; i < 4 ; ++i ) {

c y p i g l . amountv [ i ] = z ;
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100 }
/∗ s e t up view ∗/
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
gluOrtho2D ( −1 , 1 , −1 , 1) ;

105 glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , c y p i g l . texw , c y p i g l . texh ) ;
g lC l ea r (GL COLOR BUFFER BIT) ;
glBindFramebufferEXT (GL FRAMEBUFFER EXT, c yp i g l . fbo ) ;

110 /∗ generate a modulation tex ture ∗/
glFramebufferTexture2DEXT (

GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, GL TEXTURE 2D, c y p i g l . tex , 0
) ;
glUseProgramObjectARB ( c yp i g l . prog ) ;

115 glUniformMatrix4fvARB ( c yp i g l . number , 1 , 0 , &c yp i g l . numberm [ 0 ] ) ;
glUniform4fvARB ( c yp i g l . amount , 1 , &c yp i g l . amountv [ 0 ] ) ;
g lBeg in (GL QUADS) ; {

g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;
glTexCoord4f (0 , 0 , 0 , 0) ; g lVe r t ex2 f ( −1 , −1) ;

120 glTexCoord4f (1 , 0 , 1 , 0) ; g lVe r t ex2 f ( 1 , −1) ;
glTexCoord4f (1 , 1 , 1 , 1) ; g lVe r t ex2 f ( 1 , 1) ;
glTexCoord4f (0 , 1 , 0 , 1) ; g lVe r t ex2 f ( −1 , 1) ;

} glEnd ( ) ;
glUseProgramObjectARB (0) ;

125 /∗ read ho r i z on t a l / v e r t i c a l s c a n l i n e s i n to JACk back bu f f e r s ∗/
g lReadPixe l s (

0 , c y p i g l . frame % cyp i g l . texh , c y p i g l . texw , 1 , GL RED, GL FLOAT,
cyp i j a c k . bu f f e r [ 0 ] [ 1 − cypi which ]

) ;
130 g lReadPixe l s (

c y p i g l . frame % cyp i g l . texw , 0 , 1 , c y p i g l . texh , GL RED, GL FLOAT,
cyp i j a c k . bu f f e r [ 1 ] [ 1 − cypi which ]

) ;
glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;

135 /∗ f i l l the window t i l e d with the generated tex ture ∗/
glViewport (0 , 0 , c y p i g l . winw , c y p i g l . winh ) ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
gluOrtho2D ( −1 , 1 , −1 , 1) ;

140 glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
glBindTexture (GL TEXTURE 2D, c y p i g l . tex ) ;
glUseProgramObjectARB ( c yp i g l . prog2 ) ;
glUniform1iARB ( c yp i g l . tex2 , 0) ;

145 f l o a t c = cyp i g l . frameR / ( f l o a t ) (CYPI SIZE/2) ;
c = fmin ( fmax ( c , 0 . 0 ) , 1 . 0 ) ;
f l o a t c2 = ( (CYPI COUNT+1) ∗ CYPI SIZE − c y p i g l . frameR ) / ( f l o a t ) (CYPI SIZE⤦

Ç /2) ;
c2 = fmin ( fmax ( c2 , 0 . 0 ) , 1 . 0 ) ;
glUniform1fARB ( c yp i g l . fade2 , c ∗ c2 ) ;

150 g lBeg in (GL QUADS) ; {
f l o a t s = c yp i g l . s c a l e ;
f l o a t tx0 = (1 . 0 ∗ c y p i g l . texw − c y p i g l . winw / s ) / ( 1 . 0 ∗ c y p i g l . texw ) ;
f l o a t ty0 = (2 . 0 ∗ c y p i g l . texh − c y p i g l . winh / s ) / ( 2 . 0 ∗ c y p i g l . texh ) ;
f l o a t tx1 = (1 . 0 ∗ c y p i g l . texw + cyp i g l . winw / s ) / ( 1 . 0 ∗ c y p i g l . texw ) ;

155 f l o a t ty1 = (2 . 0 ∗ c y p i g l . texh + cyp i g l . winh / s ) / ( 2 . 0 ∗ c y p i g l . texh ) ;
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glTexCoord4f ( tx0 , ty0 , 0 , 0) ; g lVe r t ex2 f ( −1 , −0.5) ;
glTexCoord4f ( tx1 , ty0 , 1 , 0) ; g lVe r t ex2 f ( 1 , −0.5) ;
glTexCoord4f ( tx1 , ty1 , 1 , 1) ; g lVe r t ex2 f ( 1 , 0 . 5 ) ;
glTexCoord4f ( tx0 , ty1 , 0 , 1) ; g lVe r t ex2 f ( −1 , 0 . 5 ) ;

160 } glEnd ( ) ;
glUseProgramObjectARB (0) ;
/∗ d i sp l ay ∗/
glutSwapBuf fers ( ) ;
/∗ r epor t e r r o r s ∗/

165 i n t s t a tu s = glGetError ( ) ;
i f ( s t a tu s ) f p r i n t f ( s tde r r , ”GL: e r r o r %08x\n” , s t a tu s ) ;
/∗ increment /wrap frame count and randomize modulators ∗/
i f (++cyp i g l . frame == CYPI SIZE) {

c y p i g l . frame = 0 ;
170 i f (++cyp i g l . frameC > CYPI COUNT) {

f o r ( i n t i = 0 ; i < 16 ; ++i ) {
c y p i g l . numberm [ i ] = 0 ;

}
} e l s e {

175 f o r ( i n t i = 0 ; i < 16 ; ++i ) {
i n t r = rand ( ) % 17 ;
c y p i g l . numberm [ i ] = r − 8 ;

// fputc (”0123456789 abcdefg ” [ r ] , s t d e r r ) ;
}

180 // fputc ( ’\n ’ , s t d e r r ) ;
}

}
c y p i g l . frameR++;
i f ( c yp i n r t ) {

185 /∗ save audio bu f f e r ∗/
i f ( c y p i g l . frame2 == 0) {

fw r i t e ( c yp i j a c k . bu f f e r [ 0 ] [ 1 − cypi which ] , CYPI SIZE ∗ s i z e o f ( f l o a t ) , 1 , ⤦
Ç c yp i j a c k . f l ) ;

fw r i t e ( c yp i j a c k . bu f f e r [ 1 ] [ 1 − cypi which ] , CYPI SIZE ∗ s i z e o f ( f l o a t ) , 1 , ⤦
Ç c yp i j a c k . f r ) ;

}
190 /∗ save video bu f f e r ∗/

i f ( c y p i g l . frame3 == 0) {
g lReadPixe l s (0 , 0 , c y p i g l . winw , c y p i g l . winh , GL RGB, GL UNSIGNED BYTE, ⤦

Ç c y p i g l . bu f f e r ) ;
const char ∗header = ”P6\n1280 720 255\n ” ;
fw r i t e ( header , s t r l e n ( header ) , 1 , c y p i g l . fv ) ;

195 fw r i t e ( c y p i g l . bu f f e r , c y p i g l . winw ∗ c y p i g l . winh ∗ 3 , 1 , c y p i g l . fv ) ;
}
c y p i g l . frame2 = ( c yp i g l . frame2 + 1) % 2 ;
c y p i g l . frame3 = ( c yp i g l . frame3 + 1) % 3 ;
c y p i g l . frameT++;

200 }
i f ( c y p i g l . frameR == (CYPI COUNT+1) ∗ CYPI SIZE) e x i t (0 ) ;

}

/∗ GLUT reshape ca l l ba ck ∗/
205 s t a t i c void cyp i r e shape ( i n t w, i n t h) {

c y p i g l . winw = w;
c yp i g l . winh = h ;

}
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210 /∗ GLUT i d l e c a l l b a ck : render as f a s t as p o s s i b l e ∗/
s t a t i c void c y p i i d l e ( ) {

g lutPostRed i sp lay ( ) ;
}

215 /∗ JACK audio p ro c e s s i ng ca l l ba ck ∗/
s t a t i c i n t c yp i p r o c e s s ( j a ck n f r ames t nframes , void ∗ arg ) {

/∗ get JACK bu f f e r s ∗/
j a c k d e f au l t aud i o s amp l e t ∗out [ 2 ] ;
out [ 0 ] = ( j a c k d e f au l t aud i o s amp l e t ∗)

220 j a c k p o r t g e t b u f f e r ( c yp i j a c k . port [ 0 ] , nframes ) ;
out [ 1 ] = ( j a c k d e f au l t aud i o s amp l e t ∗)

j a c k p o r t g e t b u f f e r ( c yp i j a c k . port [ 1 ] , nframes ) ;
/∗ copy bu f f e r s to JACK ∗/
f o r ( i n t i = 0 ; i < nframes ; ++i ) {

225 f o r ( i n t c = 0 ; c < 2 ; ++c ) {
j a c k d e f au l t aud i o s amp l e t xn =

cyp i j a c k . bu f f e r [ c ] [ cypi which ] [ ( c yp i j a c k . index + i ) % CYPI SIZE ] ;
c yp i j a c k . yn1 [ c ] =

xn − c yp i j a c k . xn1 [ c ] + cyp i j a c k . r [ c ] ∗ c yp i j a c k . yn1 [ c ] ;
230 c yp i j a c k . xn1 [ c ] = xn ;

out [ c ] [ i ] = cyp i j a c k . yn1 [ c ] ;
}

}
/∗ increment /wrap wr i t e counter , i f done then swap bu f f e r s ∗/

235 c yp i j a c k . index = ( cyp i j a c k . index + nframes ) % CYPI SIZE ;
i f ( c yp i j a c k . index == 0) {

cypi which = 1 − cypi which ;
}
re turn 0 ;

240 }

/∗ JACK sample ra t e c a l l ba ck : cu r r en t l y unused ∗/
s t a t i c i n t c y p i s r a t e ( j a ck n f r ames t nframes , void ∗ arg ) {

re turn 0 ;
245 }

/∗ JACK e r r o r c a l l ba ck ∗/
s t a t i c void c yp i e r r o r ( const char ∗desc ) {

f p r i n t f ( s tde r r , ”JACK e r r o r : %s \n” , desc ) ;
250 }

/∗ JACK shutdown ca l l ba ck ∗/
s t a t i c void cypi shutdown ( void ∗ arg ) {

e x i t (1 ) ;
255 }

/∗ e x i t c a l l b a ck ∗/
s t a t i c void c y p i a t e x i t ( void ) {

j a c k c l i e n t c l o s e ( c yp i j a c k . c l i e n t ) ;
260 }

/∗ main program ∗/
i n t main ( i n t argc , char ∗∗ argv ) {

/∗ bad source o f pseudorandomness ∗/
265 unsigned i n t t = time (NULL) ;

p r i n t f (”%08X\n” , t ) ;
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srand ( t ) ;
/∗ the CyPi fragment shader source code ∗/
c yp i g l . s r c =

270 ”uniform mat4 number ;\n”
”uniform vec4 amount ;\n”
” const f l o a t twopi = 6.283185307179586 ;\n”
” void main ( ) {\n”
” vec4 p = gl TexCoord [ 0 ] ; \ n”

275 ” vec4 q = number ∗ p ;\n”
” vec4 x = −cos ( twopi ∗ (p + amount ∗ s i n ( twopi ∗ q ) ∗0 .5+0.5) ) ∗0 .5+0 .5 ;\n”
” f l o a t z = x . x ∗ x . y ∗ x . z ∗ x .w;\n”
” g l FragCo lor = vec4 ( z , z , z , 1 . 0 ) ;\n”
”}\n ” ;

280 c y p i g l . s r c2 =
”#ve r s i on 130\n”
”uniform sampler2D tex ;\n”
”uniform f l o a t fade ;\n”
” const f l o a t twopi = 6.283185307179586 ;\n”

285 ” void main ( ) {\n”
” vec4 p = gl TexCoord [ 0 ] ; \ n”
” f l o a t a = tanh ( ( clamp (1 . 0 − cos (p . z ∗ twopi ) , 0 . 0 , 1 . 0 ) ) ∗ 8 . 0 ) ;\n”
” f l o a t b = tanh ( ( clamp (1 . 0 − cos (p .w ∗ twopi ) , 0 . 0 , 1 . 0 ) ) ∗ 8 . 0 ) ;\n”
” g l FragCo lor = texture2D ( tex , p . xy ) ∗ a ∗ b ∗ fade ;\n”

290 ”}\n ” ;
/∗ s e t up OpenGL va r i a b l e s ∗/
c yp i g l . frame = CYPI SIZE/2 ;
c y p i g l . frameC = 0 ;
c y p i g l . winw = 1280 ;

295 c y p i g l . winh = 720 ;
c y p i g l . s c a l e = 1280 .0 / 1920 . 0 ;
c y p i g l . texw = CYPI SIZE ;
c y p i g l . texh = CYPI SIZE ;
/∗ i n i t i a l i z e OpenGL ∗/

300 glutInitWindowSize ( c y p i g l . winw , c y p i g l . winh ) ;
g l u t I n i t (&argc , argv ) ;
c yp i n r t = argc > 1 ;
g lut In i tDisp layMode (GLUTRGBA | GLUTDOUBLE) ;
glutCreateWindow (”CyPi”) ;

305 g l ew In i t ( ) ;
g lC l ea rCo lo r ( 0 . 0 , 0 . 0 , 0 . 0 , 1 . 0 ) ;
glShadeModel (GL FLAT) ;
/∗ a l l o c a t e frame bu f f e r ∗/
glGenFramebuffersEXT (1 , &c yp i g l . fbo ) ;

310 /∗ a l l o c a t e t ex ture ∗/
glGenTextures (1 , &c yp i g l . tex ) ;
g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, c y p i g l . tex ) ;
glTexImage2D (

315 GL TEXTURE 2D, 0 , GL RGBA32F ARB, c yp i g l . texw , c y p i g l . texh , 0 , GL RGBA,
GL FLOAT, 0

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

320 /∗ compi le shaders ∗/
GLint su c c e s s ;
c y p i g l . prog = glCreateProgramObjectARB ( ) ;
c y p i g l . f r a g = glCreateShaderObjectARB (GL FRAGMENT SHADERARB) ;
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glShaderSourceARB ( c yp i g l . f rag , 1 , ( const GLcharARB ∗∗) &c yp i g l . s rc , 0) ;
325 glCompileShaderARB ( c yp i g l . f r a g ) ;

glAttachObjectARB ( c yp i g l . prog , c y p i g l . f r a g ) ;
glLinkProgramARB( c yp i g l . prog ) ;
glGetObjectParameterivARB ( c yp i g l . prog , GL OBJECT LINK STATUS ARB, &suc c e s s ) ;
i f ( ! s u c c e s s ) e x i t (1 ) ;

330 c y p i g l . prog2 = glCreateProgramObjectARB ( ) ;
c y p i g l . f r ag2 = glCreateShaderObjectARB (GL FRAGMENT SHADERARB) ;
glShaderSourceARB ( c yp i g l . f rag2 , 1 , ( const GLcharARB ∗∗) &c yp i g l . src2 , 0) ;
glCompileShaderARB ( c yp i g l . f r ag2 ) ;
glAttachObjectARB ( c yp i g l . prog2 , c y p i g l . f r ag2 ) ;

335 glLinkProgramARB( c yp i g l . prog2 ) ;
glGetObjectParameterivARB ( c yp i g l . prog2 , GL OBJECT LINK STATUS ARB, &suc c e s s ) ;
i f ( ! s u c c e s s ) e x i t (1 ) ;
/∗ ac c e s s uni forms ∗/
c yp i g l . number = glGetUniformLocationARB ( c yp i g l . prog , ”number”) ;

340 c y p i g l . amount = glGetUniformLocationARB ( c yp i g l . prog , ”amount”) ;
c y p i g l . tex2 = glGetUniformLocationARB ( c yp i g l . prog2 , ” tex ”) ;
c y p i g l . fade2 = glGetUniformLocationARB ( c yp i g l . prog2 , ” fade ”) ;
/∗ s e t up c a l l b a ck s ∗/
glutDisplayFunc ( c yp i d i s p l a y ) ;

345 glutReshapeFunc ( cyp i r e shape ) ;
g lut Id l eFunc ( c y p i i d l e ) ;
/∗ i n i t i a l i z e DC block ing f i l t e r s ∗/
cyp i j a c k . r [ 0 ] = 0 . 9 9 5 ;
c yp i j a c k . xn1 [ 0 ] = 0 ;

350 c yp i j a c k . yn1 [ 0 ] = 0 ;
c yp i j a c k . r [ 1 ] = 0 . 9 9 5 ;
c yp i j a c k . xn1 [ 1 ] = 0 ;
c yp i j a c k . yn1 [ 1 ] = 0 ;
i f ( c yp i n r t ) {

355 c y p i g l . fv = fopen (” video .ppm” , ”wb”) ;
c yp i j a c k . f l = fopen (” aud i o l . raw” , ”wb”) ;
c yp i j a c k . f r = fopen (” aud io r . raw” , ”wb”) ;
c y p i g l . bu f f e r = mal loc ( c y p i g l . winw ∗ c y p i g l . winh ∗ 3) ;
c y p i g l . frame2 = 0 ;

360 c y p i g l . frame3 = 0 ;
c y p i g l . frameT = 0 ;

} e l s e {
c y p i g l . fv = 0 ;
c yp i j a c k . f l = 0 ;

365 c yp i j a c k . f r = 0 ;
c y p i g l . bu f f e r = 0 ;
/∗ s e t up JACK ∗/
j a c k s e t e r r o r f u n c t i o n ( c y p i e r r o r ) ;
i f ( ! ( c yp i j a c k . c l i e n t = j a c k c l i e n t o p e n (” cypi ” , 0 , 0) ) ) {

370 f p r i n t f ( s tde r r , ” jack s e r v e r not running ?\n”) ;
r e turn 1 ;

}
a t e x i t ( c y p i a t e x i t ) ;
j a c k s e t p r o c e s s c a l l b a c k ( c yp i j a c k . c l i e n t , cyp i p ro c e s s , 0) ;

375 j a c k s e t s amp l e r a t e c a l l b a c k ( cyp i j a c k . c l i e n t , c yp i s r a t e , 0) ;
jack on shutdown ( cyp i j a c k . c l i e n t , cypi shutdown , 0) ;
/∗ c r e a t e por t s ∗/
cyp i j a c k . port [ 0 ] = j a c k p o r t r e g i s t e r (

c yp i j a c k . c l i e n t , ” output 1 ” , JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0
380 ) ;
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c yp i j a c k . port [ 1 ] = j a c k p o r t r e g i s t e r (
c yp i j a c k . c l i e n t , ” output 2 ” , JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0

) ;
/∗ a c t i v a t e audio ∗/

385 i f ( j a c k a c t i v a t e ( c yp i j a c k . c l i e n t ) ) {
f p r i n t f ( s tde r r , ” cannot a c t i v a t e JACK c l i e n t ”) ;
r e turn 1 ;

}
/∗ must be ac t i va t ed be f o r e connect ing JACK port s ∗/

390 const char ∗∗ por t s ;
i f ( ( por t s = j a c k g e t p o r t s (

c yp i j a c k . c l i e n t , NULL, NULL, JackPort I sPhys i ca l | JackPortIs Input
) ) ) {

/∗ connect up to two phy s i c a l playback por t s ∗/
395 i n t i = 0 ;

whi l e ( por t s [ i ] && i < 2) {
i f ( j a ck connec t (

c yp i j a c k . c l i e n t , jack port name ( cyp i j a c k . port [ i ] ) , por t s [ i ]
) ) {

400 f p r i n t f ( s tde r r , ” cannot connect output port \n”) ;
}
i++;

}
f r e e ( por t s ) ;

405 }
}
/∗ a c t i v a t e v ideo ∗/
glutMainLoop ( ) ;
r e turn 0 ; /∗ never reached ∗/

410 }

/∗ EOF ∗/

26 cypi/Makefile

cypi : cyp i . c
gcc −std=c99 −Wall −pedant ic −O3 −s −o cypi cypi . c −lGL −lGLU − l g l u t −⤦

Ç lGLEW ‘pkg− c on f i g −− c f l a g s −− l i b s jack ‘ −lm

# RENDERING/ENCODING NOTES
5 #

# mkf i fo v ideo .ppm
#
# cypi nrt &
# cat video .ppm |

10 # ppmtoy4m −S 444 −F 30 :1 |
# y4mscaler − I sa r=1/1 −O pre s e t=ATSC 720p |
# mpeg2enc − f 12 −a 3 − l high −o cypi .m2v
#
# audac i ty

15 # import raw 32 b i t f l o a t audio ? . raw 46080Hz sample ra t e
# dc o f f s e t remover
# make l e f t / r i g h t
# make s t e r e o
# chop length

20 # fade out end
# export 16 b i t wav
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#
# twolame −b 224 cypi . wav
#

25 # mplex − f 3 −V −o cypi .mpeg cypi .m2v cypi .mp2

27 cypi/README

cypi −− audio−v i s u a l drone f o r OpenGL and JACK

make && ./ cypi

28 drip/dline.h

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

template < i n t N>
5 s t r u c t DLINE {

double d [N ] ;
DLINE( ) { memset (d , 0 , s i z e o f (d) ) ; } ;

} ;

10 template < i n t N>
double d l i n e (DLINE<N> &d , double x ) {

double y = 0.0001 ∗ d . d [N−1 ] ;
f o r ( i n t i = N − 1 ; i > 0 ; −− i ) {

d . d [ i ] = 0.9999 ∗ d . d [ i ] + 0.0001 ∗ d . d [ i − 1 ] ;
15 }

d . d [ 0 ] = 0.9999 ∗ d . d [ 0 ] + x ;
re turn y ;

}

20 #end i f

29 drip/drip.h

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

#inc lude <math . h>
5

s t r u c t DRIP {
f l o a t mass ;
f l o a t p o s i t i o n ;
f l o a t v e l o c i t y ;

10 DRIP( ) : mass ( 0 . 3 75 ) , p o s i t i o n (2 ) , v e l o c i t y (0 ) { } ;
} ;

f l o a t dr ip (DRIP &d , f l o a t dmass , double &energy out ) {
f l o a t dt = 1 .0 / 4800 . 0 ; // 0 . 0 0 1 ;

15 // f l o a t momentum = d . mass ∗ d . v e l o c i t y ;
f l o a t dens i ty = 1 ;
f l o a t rad iu s = 0 . 9 1 6 ;
f l o a t area = 3.141592653589793 ∗ rad iu s ∗ rad iu s ;
f l o a t f low = dmass / dens i ty / area ;

20 f l o a t mass = d . mass + dmass ;
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f l o a t v e l o c i t y = d . v e l o c i t y ; // momentum / mass ;
// i f ( ! i s f i n i t e ( v e l o c i t y ) ) { v e l o c i t y = 0 ; }

f l o a t g rav i ty = 1 ∗ mass ;
f l o a t sp r ing = −fmax (0 , 52 .5 − 11 .4 ∗ mass ) ∗ d . p o s i t i o n ;

25 f l o a t push = dmass ∗ ( f low − v e l o c i t y ) ;
f l o a t r e s i s t a n c e = −0.05 ∗ v e l o c i t y ;
f l o a t f o r c e = grav i ty + spr ing + push + r e s i s t a n c e ;
f l o a t a c c e l e r a t i o n = f o r c e / mass ;
v e l o c i t y += a c c e l e r a t i o n ∗ dt ;

30 f l o a t p o s i t i o n = d . p o s i t i o n += ve l o c i t y ∗ dt ;
d . mass = mass ;
d . p o s i t i o n = po s i t i o n ;
d . v e l o c i t y = v e l o c i t y ;
i f (d . p o s i t i o n > 5 . 5 ) {

35 f l o a t m = 0.8 ∗ d . mass − 0 . 3 ;
f l o a t v = d . v e l o c i t y ;
d . mass = d . mass − m;
d . p o s i t i o n = d . p o s i t i o n − 5 .5 + 2 ;
d . v e l o c i t y = 0 ;

40 energy out = 0 .5 ∗ m ∗ v ∗ v ;
re turn m;

} e l s e {
energy out = 0 ;
re turn 0 ;

45 }
}

#end i f

30 drip/drip.jack-rack

(application/gzip; charset=binary)

31 drip/drips.h

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

#inc lude <math . h>
5

template < i n t N>
s t r u c t DRIPS {

f l o a t mass [N ] ;
f l o a t p o s i t i o n [N ] ;

10 f l o a t v e l o c i t y [N ] ;
DRIPS( ) {

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

mass [ i ] = rand ( ) / ( f l o a t ) RANDMAX ∗ 5 ;
15 po s i t i o n [ i ] = rand ( ) / ( f l o a t ) RANDMAX ∗ 8 − 2 . 5 ;

v e l o c i t y [ i ] = ( rand ( ) / ( f l o a t ) RANDMAX ∗ 2 − 1) ∗ 10 ;
}

} ;
} ;

20

template < i n t N>
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void d r ip s (DRIPS<N> &d , f l o a t dmass , i n t L) {
f l o a t dt = 1 .0 / 4800 . 0 ;
f l o a t dens i ty = 1 ;

25 f l o a t rad iu s = 0 . 9 1 6 ;
f l o a t area = 3.141592653589793 ∗ rad iu s ∗ rad iu s ;
f l o a t f low = dmass / ( dens i ty ∗ area ) ;
#pragma omp p a r a l l e l f o r
f o r ( i n t i = 0 ; i < N; ++i )

30 {
f o r ( i n t j = 0 ; j < L ; ++j )
{

f l o a t mass = d . mass [ i ] + dmass ;
f l o a t v e l o c i t y = d . v e l o c i t y [ i ] ;

35 f l o a t g rav i ty = 1 ∗ mass ;
f l o a t sp r ing = −fmax (0 , 52 .5 − 11 .4 ∗ mass ) ∗ d . p o s i t i o n [ i ] ;
f l o a t push = dmass ∗ ( f low − v e l o c i t y ) ;
f l o a t r e s i s t a n c e = −0.05 ∗ v e l o c i t y ;
f l o a t f o r c e = grav i ty + spr ing + push + r e s i s t a n c e ;

40 f l o a t a c c e l e r a t i o n = f o r c e / mass ;
v e l o c i t y += a c c e l e r a t i o n ∗ dt ;
f l o a t p o s i t i o n = d . p o s i t i o n [ i ] + v e l o c i t y ∗ dt ;
d . mass [ i ] = mass ;
d . p o s i t i o n [ i ] = po s i t i o n ;

45 d . v e l o c i t y [ i ] = v e l o c i t y ;
i f (d . p o s i t i o n [ i ] > 5 . 5 ) {

f l o a t m = 0.8 ∗ d . mass [ i ] − 0 . 3 ;
d . mass [ i ] = d . mass [ i ] − m;
d . p o s i t i o n [ i ] = d . p o s i t i o n [ i ] − 5 .5 + 2 ;

50 d . v e l o c i t y [ i ] = 0 ;
}

}
}

}
55

#end i f

32 drip/event.h

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

s t r u c t EVENT {
5 unsigned long i n t timestamp ;

double mass ;
double energy ;
i n t vo i c e ;
EVENT( ) : timestamp (0) , mass (0 ) , energy (0 ) , vo i c e (0 ) { } ;

10 } ;

s t r u c t EVENTS {
EVENT e [ 8 1 9 2 ] ;
i n t head ;

15 EVENTS( ) : head (0 ) { } ;
} ;

void event (EVENTS &event , unsigned long i n t timestamp , double mass , double ⤦
Ç energy , i n t vo i c e ) {
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i n t h = ( event . head − 1 + 8192) % 8192 ;
20 event . e [ h ] . timestamp = timestamp ;

event . e [ h ] . mass = mass ;
event . e [ h ] . energy = energy ;
event . e [ h ] . vo i c e = vo i c e ;
event . head = h ;

25 }

#end i f

33 drip/main.cc

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

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

5 #inc lude <GL/ glu . h>

#inc lude <j ack / jack . h>

#inc lude <time . h>
10

#inc lude ” dr ip . h”
#inc lude ”pluck . h”
#inc lude ” d l i n e . h”
#inc lude ” event . h”

15

#inc lude ” d r ip s . h”

s t r u c t PLOP
{

20 f l o a t ramp , rampi , f r e q i , amp, phase , ramp2 , rampi2 , env , osc ;
i n t rampn ;

} ;

f l o a t plop (PLOP &p , f l o a t mass , f l o a t energy )
25 {

i f (mass > 0)
{

f l o a t t = 1000 ∗ mass / 8 ;
p . ramp = 0 ;

30 p . rampi = 1 / ( t / 7 / 1000 ∗ 48000) ;
p . rampn = 144 ; // 3ms
p . f r e q i = ( t / 5 + 400) / 48000 ;
p . amp = t / 1000 ;

}
35 p . ramp += p . rampi ;

p . ramp = fminf (1 , p . ramp) ;
p . rampn −= 1 ;
i f (p . rampn == 0) {

p . ramp2 = 0 ;
40 p . rampi2 = p . rampi ;

}
p . ramp2 += p . rampi2 ;
p . ramp2 = fminf (1 , p . ramp2 ) ;
f l o a t amp = 1 − p . ramp ;

45 amp ∗= amp ;
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amp ∗= amp;
// lop 12
amp ∗= 0 . 0 1 ;
amp += 0.99 ∗ p . env ;

50 p . env = amp ;
amp ∗= p .amp ;
amp ∗= s i n f ( 2 . 0 ∗ 3.141592653589793 ∗ (p . phase += p . f r e q i ) ) ;
p . phase −= f l o o r f (p . phase ) ;
// lop 1000

55 amp ∗= 0 . 1 ;
amp += 0.9 ∗ p . osc ;
p . osc = amp ;
re turn amp ;

}
60

s t r u c t AUDIO {
DRIP tap ;
PLOP p6 ;

#i f 0
65 PLUCK<960/6 + 1> p6l ;

PLUCK<960/6 − 1> p6r ;
//# i f 0

DLINE<1> d6 ;
DRIP t6 ;

70 PLUCK<960/5 − 1> p5l ;
PLUCK<960/5 + 1> p5r ;
DLINE<1> d5 ;
DRIP t5 ;
PLUCK<960/4 + 1> p4l ;

75 PLUCK<960/4 − 1> p4r ;
DLINE<1> d4 ;
DRIP t4 ;
PLUCK<960/3 − 1> p3l ;
PLUCK<960/3 + 1> p3r ;

80 DLINE<1> d3 ;
DRIP t3 ;
PLUCK<960/2 + 1> p2l ;
PLUCK<960/2 − 1> p2r ;
DLINE<1> d2 ;

85 DRIP t2 ;
PLUCK<960/1 − 1> p1l ;
PLUCK<960/1 + 1> p1r ;

#end i f
// DLINE<480/1> d1 ;

90 // PLANT p
} ;

j a c k c l i e n t t ∗ c l i e n t ;
j a c k p o r t t ∗port [ 2 ] ;

95 AUDIO a ;
v o l a t i l e i n t df low = 0 ;
v o l a t i l e unsigned long i n t count = 0 ;
v o l a t i l e double FLOW = 0 ;

100 EVENTS e ;

double rms = 0 ;
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double gain = 0 ;

105

s t a t i c i n t proce s scb ( j a ck n f r ames t nframes , void ∗ arg ) {
( void ) arg ;
j a c k d e f au l t aud i o s amp l e t ∗out [ 2 ] ;
out [ 0 ] = ( j a c k d e f au l t aud i o s amp l e t ∗)

110 j a c k p o r t g e t b u f f e r ( port [ 0 ] , nframes ) ;
out [ 1 ] = ( j a c k d e f au l t aud i o s amp l e t ∗)

j a c k p o r t g e t b u f f e r ( port [ 1 ] , nframes ) ;
double f low = FLOW;
f o r ( unsigned i n t k = 0 ; k < nframes ; ++k) {

115 double t = count / (48000 .0 ∗ 60 .0 ∗ 60 . 0 ) ;
i f ( df low ) {

f low = t < 1 ? t : 0 ;
count++;

}
120 f low /= 4800 ;

double mass = flow , energy = 0 ;
double aud io l = 0 , audior = 0 ;
double mass0 = mass ;
mass = 0 ;

125 f o r ( i n t i = 0 ; i < 10 ; ++i )
{

double energy1 ;
mass += dr ip ( a . tap , mass0 , energy1 ) ;
energy += energy1 ;

130 }
i f (0 < mass ) { event ( e , count , mass , energy , 6) ; }
f l o a t am = plop ( a . p6 , mass , energy ) ;
aud io l += am;
audior += am;

135 #i f 0
aud io l += pluck ( a . p6l , energy ) ;
audior += pluck ( a . p6r , energy ) ;
mass = d l i n e ( a . d6 , mass ) ;
mass = dr ip ( a . t6 , mass , energy ) ;

140 i f (0 < mass ) { event ( e , count , mass , energy , 5) ; }
aud io l += pluck ( a . p5l , energy ) ;
audior += pluck ( a . p5r , energy ) ;
mass = d l i n e ( a . d5 , mass ) ;
mass = dr ip ( a . t5 , mass , energy ) ;

145 i f (0 < mass ) { event ( e , count , mass , energy , 4) ; }
aud io l += pluck ( a . p4l , energy ) ;
audior += pluck ( a . p4r , energy ) ;
mass = d l i n e ( a . d4 , mass ) ;
mass = dr ip ( a . t4 , mass , energy ) ;

150 i f (0 < mass ) { event ( e , count , mass , energy , 3) ; }
aud io l += pluck ( a . p3l , energy ) ;
audior += pluck ( a . p3r , energy ) ;
mass = d l i n e ( a . d3 , mass ) ;
mass = dr ip ( a . t3 , mass , energy ) ;

155 i f (0 < mass ) { event ( e , count , mass , energy , 2) ; }
aud io l += pluck ( a . p2l , energy ) ;
audior += pluck ( a . p2r , energy ) ;
mass = d l i n e ( a . d2 , mass ) ;
mass = dr ip ( a . t2 , mass , energy ) ;
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160 i f (0 < mass ) { event ( e , count , mass , energy , 1) ; }
aud io l += pluck ( a . p1l , energy ) ;
audior += pluck ( a . p1r , energy ) ;

#end i f
//mass = d l i n e ( a . d1 , mass ) ;

165 // plant ( a . p , mass ) ;
rms = rms ∗ 0 .9999 + 0.0001 ∗ ( aud io l ∗ aud io l + audior ∗ audior ) ;
ga in = gain ∗ 0 .9999 + 0.0001 ∗ 0 .25 / sq r t ( rms ) ;
i f ( ! i s f i n i t e ( ga in ) ) { gain = 0 ; }
gain = fmin (1 , ga in ) ;

170 out [ 0 ] [ k ] = gain ∗ aud io l ;
out [ 1 ] [ k ] = gain ∗ audior ;

}
i f ( df low )
FLOW = flow ;

175 re turn 0 ;
}

void keycb (GLFWwindow ∗window , unsigned i n t key ) {
switch ( key ) {

180 case ’q ’ : glfwSetWindowShouldClose (window , GL TRUE) ; break ;
case ’ ’ : df low = 1 − df low ; break ;
case ’ \ ’ ’ : FLOW −= 1 ; break ;
case ’ [ ’ : FLOW −= 0 . 1 ; break ;
case ’ − ’ : FLOW −= 0 . 0 1 ; break ;

185 case ’= ’ : FLOW += 0 . 0 1 ; break ;
case ’ ] ’ : FLOW += 0 . 1 ; break ;
case ’# ’: FLOW += 1 ; break ;

}
FLOW = fmax (0 , FLOW) ;

190 f p r i n t f ( s tde r r , ”%.16 f \ t%.16 f \ r ” , FLOW, gain ) ;
}

const char ∗ d r i p v e r t =
”#ve r s i on 330 core \n”

195 ” void main ( ) {\n”
” vec4 pos [ 4 ] = vec4 [ 4 ] ( vec4 ( −1 .0 , −1.0 , 0 . 0 , 1 . 0 ) \n”
” , vec4 ( −1 .0 , 1 . 0 , 0 . 0 , 1 . 0 ) \n”
” , vec4 ( 1 . 0 , −1.0 , 0 . 0 , 1 . 0 ) \n”
” , vec4 ( 1 . 0 , 1 . 0 , 0 . 0 , 1 . 0 ) \n”

200 ” ) ;\n”
” g l P o s i t i o n = pos [ g l VertexID ] ; \ n”
”}\n”
;

205 const char ∗ d r i p f r a g =
”#ve r s i on 330 core \n”
”#extens i on GL ARB expl i c i t un i fo rm locat ion : r e qu i r e \n”
” layout ( l o c a t i o n = 0) uniform f l o a t dmass ;\n”
” layout ( l o c a t i o n = 1) uniform sampler2D prev ;\n”

210 ” layout ( l o c a t i o n = 0) out vec3 next ;\n”
” void main ( ) \n”
”{\n”
” f l o a t dt = 1 .0 / 4800 . 0 ;\n”
” f l o a t dens i ty = 1 ;\n”

215 ” f l o a t rad iu s = 0 . 916 ;\n”
” f l o a t area = 3.141592653589793 ∗ rad iu s ∗ rad iu s ;\n”
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” f l o a t f low = dmass / ( dens i ty ∗ area ) ;\n”
” vec3 d = texe lFe tch ( prev , i v e c2 ( gl FragCoord . xy ) , 0) . xyz ;\n”
” f o r ( i n t j = 0 ; j < 1024 ; ++j ) \n”

220 ” {\n”
” f l o a t mass = d . x + dmass ;\n”
” f l o a t v e l o c i t y = d . z ;\n”
” f l o a t g rav i ty = 1 .0 ∗ mass ;\n”
” f l o a t sp r ing = −max(0 , 52 .5 − 11 .4 ∗ mass ) ∗ d . y ;\n”

225 ” f l o a t push = dmass ∗ ( f low − v e l o c i t y ) ;\n”
” f l o a t r e s i s t a n c e = −0.05 ∗ v e l o c i t y ;\n”
” f l o a t f o r c e = grav i ty + spr ing + push + r e s i s t a n c e ;\n”
” f l o a t a c c e l e r a t i o n = f o r c e / mass ;\n”
” v e l o c i t y += ac c e l e r a t i o n ∗ dt ;\n”

230 ” f l o a t p o s i t i o n = d . y + v e l o c i t y ∗ dt ;\n”
” d . x = mass ;\n”
” d . y = po s i t i o n ;\n”
” d . z = v e l o c i t y ;\n”
” i f (d . y > 5 . 5 ) {\n”

235 ” f l o a t m = 0.8 ∗ d . x − 0 . 3 ; \ n”
” d . x = d . x − m;\n”
” d . y = d . y − 5 .5 + 2 ;\n”
” d . z = 0 ;\n”
” }\n”

240 ” }\n”
” next = d ;\n”
”}\n”
;

245 const char ∗ drop ver t =
”#ve r s i on 330 core \n”
”#extens i on GL ARB expl i c i t un i fo rm locat ion : r e qu i r e \n”
” layout ( l o c a t i o n = 0) uniform sampler2D prev ;\n”
” layout ( l o c a t i o n = 1) uniform sampler2D next ;\n”

250 ”out vec4 co l our ;\n”
” void main ( ) \n”
”{\n”
” i n t i = ( g l VertexID / 2) % t ex tu r eS i z e ( prev , 0) . x ;\n”
” i n t j = ( g l VertexID / 2) / t ex tu r eS i z e ( prev , 0) . x ;\n”

255 ” bool even = ( gl VertexID & 1) == 0;\n”
” vec3 vprev = texe lFetch ( prev , i v e c2 ( i , j ) , 0) . xyz ;\n”
” vec3 vnext = texe lFe tch ( next , i v e c2 ( i , j ) , 0) . xyz ;\n”
” vec3 ver tex = even ? vprev : vnext ;\n”
” g l P o s i t i o n = vec4 ( ( ver tex . x − 4 . 0 ) / 3 . 5 , − ver tex . z / 16 . 0 , 0 . 0 , 1 . 0 ) ;\n”

260 ” f l o a t h = ( ver tex . y + 2 . 0 ) / 8 . 0 ; \ n”
” co l our = vec4 (h , even ? 0 .0 : 1 . 0 − h , even ? 1 .0 − h : h , vprev . x < vnext . x ⤦

Ç ? 0 .001 : 0 . 0 ) ;\n”
”}\n”
;

265 const char ∗ drop f rag =
”#ve r s i on 330 core \n”
” in vec4 co l our ;\n”
” layout ( l o c a t i o n = 0) out vec4 c ;\n”
” void main ( ) \n”

270 ”{\n”
” c = co lour ;\n”
”}\n”
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;

275 void debug program (GLuint program , const char ∗name)
{

i f ( program )
{

GLint l i nked = GL FALSE;
280 glGetProgramiv ( program , GL LINK STATUS, &l inked ) ;

i f ( l i nked != GL TRUE) f p r i n t f ( s tde r r , ”%s : OpenGL shader program l i n k ⤦
Ç f a i l e d \n” , name) ;

GLint l en = 0 ;
glGetProgramiv ( program , GL INFO LOG LENGTH, &len ) ;
char ∗ s = ( char ∗) c a l l o c (1 , l en + 1) ;

285 i f ( ! s ) abort ( ) ;
glGetProgramInfoLog ( program , len , 0 , s ) ;
s [ l en ] = 0 ;
i f (∗ s )

f p r i n t f ( s tde r r , ”%s : OpenGL shader program in f o l og \n%s \n” , name , s ) ;
290 f r e e ( s ) ;

}
e l s e
{

f p r i n t f ( s tde r r , ”%s : OpenGL shader program c r e a t i on f a i l e d \n” , name) ;
295 }

}

void debug shader (GLuint shader , GLenum typ , const char ∗name)
{

300 const char ∗tname = ”unknown ” ;
i f ( typ == GL VERTEX SHADER) tname = ” vertex ” ;
i f ( typ == GLFRAGMENT SHADER) tname = ” fragment ” ;
i f ( shader )
{

305 GLint compiled = GL FALSE;
g lGetShader iv ( shader , GL COMPILE STATUS, &compiled ) ;
i f ( compiled != GL TRUE) f p r i n t f ( s tde r r , ”%s : OpenGL %s shader compi le ⤦

Ç f a i l e d \n” , name , tname ) ;
GLint l en = 0 ;
g lGetShader iv ( shader , GL INFO LOG LENGTH, &len ) ;

310 char ∗ s = ( char ∗) c a l l o c (1 , l en + 1) ;
i f ( ! s ) abort ( ) ;
g lGetShaderInfoLog ( shader , len , 0 , s ) ;
s [ l en ] = 0 ;
i f (∗ s ) f p r i n t f ( s tde r r , ”%s : OpenGL %s shader i n f o l og \n%s \n” , name , tname , ⤦

Ç s ) ;
315 f r e e ( s ) ;

}
e l s e
{

f p r i n t f ( s tde r r , ”%s : OpenGL %s shader c r e a t i on f a i l e d \n” , name , tname ) ;
320 }

}

void compi l e shader (GLuint program , GLenum typ , const char ∗name , const char ∗⤦
Ç source )

{
325 GLuint shader = glCreateShader ( typ ) ;
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glShaderSource ( shader , 1 , &source , 0) ;
glCompileShader ( shader ) ;
debug shader ( shader , typ , name) ;
glAttachShader ( program , shader ) ;

330 g lDe le teShader ( shader ) ;
}

GLuint compile program ( const char ∗name , const char ∗vert , const char ∗ f r a g )
{

335 GLuint program = glCreateProgram ( ) ;
compi l e shader ( program , GL VERTEX SHADER, name , ve r t ) ;
compi l e shader ( program , GL FRAGMENT SHADER, name , f r a g ) ;
glLinkProgram ( program ) ;
debug program ( program , name) ;

340 re turn program ;
}

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

( void ) argv ;
i f ( ! g l fw I n i t ( ) ) {

re turn 1 ;
}

350 glfwWindowHint (GLFW RESIZABLE, GL FALSE) ;
GLFWwindow ∗window = glfwCreateWindow (1280 , 720 , ” dr ip ” , 0 , 0) ;
i f ( ! window) {

re turn 1 ;
}

355 gl fwSetCharCal lback (window , keycb ) ;
glfwMakeContextCurrent (window) ;
g l ew In i t ( ) ;

i f ( ! ( c l i e n t = j a c k c l i e n t o p e n (” dr ip ” , JackOptions (0 ) , 0) ) ) {
360 re turn 1 ;

}
j a c k s e t p r o c e s s c a l l b a c k ( c l i e n t , processcb , 0) ;
port [ 0 ] = j a c k p o r t r e g i s t e r (

c l i e n t , ” output 1 ” , JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0
365 ) ;

port [ 1 ] = j a c k p o r t r e g i s t e r (
c l i e n t , ” output 2 ” , JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0

) ;
i f ( j a c k a c t i v a t e ( c l i e n t ) ) {

370 f p r i n t f ( s tde r r , ” cannot a c t i v a t e JACK c l i e n t ”) ;
r e turn 1 ;

}
const char ∗∗ por t s ;
i f ( ( por t s = j a c k g e t p o r t s (

375 c l i e n t , NULL, NULL, JackPort I sPhys i ca l | JackPortIs Input
) ) ) {

i n t i = 0 ;
whi l e ( por t s [ i ] && i < 2) {

i f ( j a ck connec t (
380 c l i e n t , jack port name ( port [ i ] ) , por t s [ i ]

) ) {
f p r i n t f ( s tde r r , ” cannot connect output port \n”) ;
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}
i++;

385 }
f r e e ( por t s ) ;

}

GLuint tex , fbo ;
390 glGenTextures (1 , &tex ) ;

g lAct iveTexture (GL TEXTURE2) ;
glBindTexture (GL TEXTURE 2D, tex ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F, 1280 , 720 , 0 , GL RGBA, GL FLOAT, 0)⤦

Ç ;
g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;

395 glGenFramebuffers (1 , &fbo ) ;
g lBindFramebuffer (GL FRAMEBUFFER, fbo ) ;
glFramebufferTexture2D (GL FRAMEBUFFER, GLCOLORATTACHMENT0, GL TEXTURE 2D, ⤦

Ç tex , 0) ;
g lC l ea rCo lo r (0 , 0 , 0 , 1) ;
g lC l ea r (GL COLOR BUFFER BIT) ;

400

GLuint tex2 [ 2 ] , fbo2 [ 2 ] ;
glGenTextures (2 , &tex2 [ 0 ] ) ;
g lAct iveTexture (GL TEXTURE0) ;

405 glBindTexture (GL TEXTURE 2D, tex2 [ 0 ] ) ;
#de f i n e TEX SIZE 1024
{

f l o a t i n i t [ TEX SIZE∗TEX SIZE ] [ 3 ] ;
f o r ( i n t i = 0 ; i < TEX SIZE ∗ TEX SIZE ; ++i )

410 {
i n i t [ i ] [ 0 ] = rand ( ) / ( f l o a t ) RANDMAX ∗ 5 ;
i n i t [ i ] [ 1 ] = rand ( ) / ( f l o a t ) RANDMAX ∗ 8 − 2 . 5 ;
i n i t [ i ] [ 2 ] = ( rand ( ) / ( f l o a t ) RANDMAX ∗ 2 − 1) ∗ 10 ;

}
415 glTexImage2D (GL TEXTURE 2D, 0 , GL RGB32F, TEX SIZE , TEX SIZE , 0 , GL RGB, ⤦

Ç GL FLOAT, i n i t ) ;
g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
g lAct iveTexture (GL TEXTURE1) ;
glBindTexture (GL TEXTURE 2D, tex2 [ 1 ] ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGB32F, TEX SIZE , TEX SIZE , 0 , GL RGB, ⤦

Ç GL FLOAT, i n i t ) ;
420 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;

}
glGenFramebuffers (2 , &fbo2 [ 0 ] ) ;
g lBindFramebuffer (GL FRAMEBUFFER, fbo2 [ 0 ] ) ;
glFramebufferTexture2D (GL FRAMEBUFFER, GLCOLORATTACHMENT0, GL TEXTURE 2D, ⤦

Ç tex2 [ 0 ] , 0) ;
425 glBindFramebuffer (GL FRAMEBUFFER, fbo2 [ 1 ] ) ;

glFramebufferTexture2D (GL FRAMEBUFFER, GLCOLORATTACHMENT0, GL TEXTURE 2D, ⤦
Ç tex2 [ 1 ] , 0) ;

i n t which = 0 ;
g lC l ea rCo lo r (0 , 0 , 0 , 1) ;
g lC l ea r (GL COLOR BUFFER BIT) ;

430

GLuint pdrip = compile program (” dr ip ” , d r i p ve r t , d r i p f r a g ) ;
GLuint pdrop = compile program (” drop ” , drop vert , d rop f rag ) ;
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g lD i s ab l e (GL DEPTH TEST) ;
435 glEnable (GL BLEND) ;

glBlendFunc (GL SRC ALPHA, GL ONE) ;

f l o a t c o l ou r s [ 6 ] [ 3 ] =
{ { 1 , 1 , 0 }

440 , { 0 , 1 , 0 }
, { 0 , 1 , 1 }
, { 0 , 0 , 1 }
, { 1 , 0 , 1 }
, { 1 , 0 , 0 }

445 } ;

df low = 1 ;

450 unsigned long i n t speed = 48000 ;
unsigned long i n t l a s t 5 = 0 ;
unsigned long i n t frame = 0 ;

double mass mean = 3 ;
455 double mass stddev = 10 ;

double energy mean = 5 ;
double energy stddev = 10 ;

// DRIPS<1920 ∗ 108> dv = DRIPS<1920 ∗ 108>() ;
460

do {
// f p r i n t f ( s tde r r , ”%ld \n” , l a s t 5 ) ;
// g lC l ea r (GL COLOR BUFFER BIT) ;

unsigned long i n t now = count ;
465 i n t head = e . head ;

glViewport (0 , 0 , TEX SIZE , TEX SIZE) ;
g lD i s ab l e (GL BLEND) ;
glBindFramebuffer (GL FRAMEBUFFER, fbo2 [1−which ] ) ;

470 glUseProgram ( pdrip ) ;
g lUni form1f (0 , FLOW) ;
g lUni form1i (1 , which ) ;
glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;

475 glViewport (0 , 0 , 1280 , 720) ;
g lEnable (GL BLEND) ;
glBlendFunc (GL SRC ALPHA, GL ONE MINUS SRC ALPHA) ;
glBindFramebuffer (GL FRAMEBUFFER, fbo ) ;
glUseProgram (0) ;

480 g lLoadIdent i ty ( ) ;
glOrtho ( −1 , 1 , −1 , 1 , −1 , 1) ;
g lBeg in (GL QUADS) ;

g lCo l o r 4 f (0 , 0 , 0 , 0 . 2 ) ;
g lVe r t ex2 f ( −1 , −1) ;

485 g lVer t ex2 f ( −1 , 1) ;
g lVer t ex2 f ( 1 , 1) ;
g lVe r t ex2 f ( 1 , −1) ;
g lCo l o r 4 f (1 , 1 , 1 , 1) ;

glEnd ( ) ;
490
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glBlendFunc (GL SRC ALPHA, GL ONE) ;
glUseProgram ( pdrop ) ;
g lUni form1i (0 , which ) ;
g lUni form1i (1 , 1 − which ) ;

495 glDrawArrays (GL LINES , 0 , TEX SIZE ∗ TEX SIZE ∗ 2) ;

which = 1 − which ;
#i f 0

500 /∗
auto odv = dv ;
d r i p s (dv , FLOW / 10 , 200) ;

∗/
g lLoadIdent i ty ( ) ;

505 glOrtho ( −16 , 16 , 1 , 6 , −1 , 1) ;
g lBeg in (GL LINES) ;
f o r ( i n t i = 0 ; i < 1920 ∗ 108 ; ++i )
{

i f ( odv . mass [ i ] > dv . mass [ i ] ) cont inue ;
510 f l o a t a = 0 . 0 0 5 ;

f l o a t h = ( odv . p o s i t i o n [ i ] + 2) / 8 ;
g lCo l o r 4 f (h , 0 , 1 − h , a ) ;
g lVer t ex2 f ( odv . v e l o c i t y [ i ] , odv . mass [ i ] ) ;
h = (dv . p o s i t i o n [ i ] + 2) / 8 ;

515 g lCo l o r 4 f (h , 1 − h , h , a ) ;
g lVe r t ex2 f ( dv . v e l o c i t y [ i ] , dv . mass [ i ] ) ;

}
glEnd ( ) ;

#end i f
520

glBindFramebuffer (GLDRAWFRAMEBUFFER, 0) ;
g lB l i tFramebu f f e r (0 , 0 , 1280 , 720 , 0 , 0 , 1280 , 720 , GL COLOR BUFFER BIT, ⤦

Ç GL NEAREST) ;

525 #i f 0
// glBlendFunc (GL SRC ALPHA, GL ONE) ;

g lLoadIdent i ty ( ) ;
double aspect = 16 .0 / 9 . 0 ;
glOrtho (− aspect , aspect , −1 , 1 , −1 , 1) ;

530 g lBeg in (GL QUADS) ;
i n t s e t l a s t 5 = 0 ;
f o r ( i n t i = 0 ; i < 8192 ; ++i ) {

i n t j = ( head + i ) % 8192 ;
unsigned long i n t timestamp = e . e [ j ] . timestamp ;

535 i f ( timestamp + 48000 ∗ 60 < now) {
break ;

}
i f ( timestamp == 0) {

break ;
540 }

double mass = e . e [ j ] . mass ;
double energy = e . e [ j ] . energy ;
i n t vo i c e = ( e . e [ j ] . vo i c e + 5) % 6 ;
i f ( vo i c e == 5)

545 {
i f ( s e t l a s t 5 == 1)
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{
speed = l a s t 5 − timestamp ;
s e t l a s t 5 = 2 ;

550 }
i f ( s e t l a s t 5 == 0)
{

l a s t 5 = timestamp ;
s e t l a s t 5 = 1 ;

555 }
}
double ang le = fmod ( ( l a s t 5 − ( double ) timestamp ) / ( 1 . 0 ∗ speed ) , 1) ;
ang le = fmod (1 + angle , 1) ;
double angle0 = angle − 0 .005 ∗ gain ∗ s q r t (mass ) ;

560 double angle1 = angle + 0.005 ∗ gain ∗ s q r t (mass ) ;
double rad iu s = pow (0 . 9 , (now − timestamp ) / ( 1 . 0 ∗ speed ) ) ;
double drad ius = sq r t (1 + 0.05 ∗ gain ∗ s q r t ( energy ) ) ;
double rad ius0 = rad iu s ∗ drad ius ;
double rad ius1 = rad iu s ; // / drad ius ;

565 f l o a t alpha = (1024 / (65536 ∗ ( ang le1 − angle0 ) ∗ ( rad ius0 − rad ius1 ) ) ) ;
// f p r i n t f ( s tde r r , ”%4d %d %e %e\ t%e %e\ t%e %e\ t%e %ld \n” , i , vo ice , mass , energy⤦

Ç , angle0 , angle1 , radius0 , radius1 , alpha , speed ) ;
f l o a t x00 = rad ius0 ∗ cos (2 ∗ 3.141592653589793 ∗ angle0 ) ;
f l o a t y00 = rad ius0 ∗ s i n (2 ∗ 3.141592653589793 ∗ angle0 ) ;
f l o a t x01 = rad ius0 ∗ cos (2 ∗ 3.141592653589793 ∗ angle1 ) ;

570 f l o a t y01 = rad ius0 ∗ s i n (2 ∗ 3.141592653589793 ∗ angle1 ) ;
f l o a t x11 = rad ius1 ∗ cos (2 ∗ 3.141592653589793 ∗ angle1 ) ;
f l o a t y11 = rad ius1 ∗ s i n (2 ∗ 3.141592653589793 ∗ angle1 ) ;
f l o a t x10 = rad ius1 ∗ cos (2 ∗ 3.141592653589793 ∗ angle0 ) ;
f l o a t y10 = rad ius1 ∗ s i n (2 ∗ 3.141592653589793 ∗ angle0 ) ;

575 g lCo l o r 4 f ( c o l ou r s [ vo i c e ] [ 0 ] , c o l ou r s [ vo i c e ] [ 1 ] , c o l ou r s [ vo i c e ] [ 2 ] , alpha ) ;
#i f 1

g lVer t ex2 f ( x00 , y00 ) ;
g lVer t ex2 f ( x01 , y01 ) ;
g lVer t ex2 f ( x11 , y11 ) ;

580 g lVer t ex2 f ( x10 , y10 ) ;
#e l s e

g lVer t ex2 f ( angle0 , rad ius0 ) ;
g lVer t ex2 f ( angle1 , rad ius0 ) ;
g lVer t ex2 f ( angle1 , rad ius1 ) ;

585 g lVer t ex2 f ( angle0 , rad ius1 ) ;
#end i f

}
glEnd ( ) ;

#end i f
590 #i f 0

g lLoadIdent i ty ( ) ;
glOrtho (mass mean − 3 ∗ mass stddev , mass mean + 3 ∗ mass stddev , ⤦

Ç energy mean − 3 ∗ energy stddev , energy mean + 3 ∗ energy stddev , −1 , ⤦
Ç 1) ;

g lBeg in (GL LINES) ;
f l o a t prev ious [ 6 ] [ 2 ] ;

595 memset ( prev ious , 0 , s i z e o f ( prev ious ) ) ;
double mass0 = 0 , mass1 = 0 , mass2 = 0 ;
double energy0 = 0 , energy1 = 0 , energy2 = 0 ;
f o r ( i n t i = 0 ; i < 8192 ; ++i )
{

600 i n t j = ( head + i ) % 8192 ;
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unsigned long i n t timestamp = e . e [ j ] . timestamp ;
i f ( timestamp + 48000 ∗ 60 < now) {

break ;
}

605 i f ( timestamp == 0) {
break ;

}
double mass = e . e [ j ] . mass ;
double energy = e . e [ j ] . energy ;

610 i n t vo i c e = ( e . e [ j ] . vo i c e + 5) % 6 ;
i f ( vo i c e != 5) cont inue ;
double w = pow(1 − (now − timestamp ) / (60 . 0 ∗ 48000) , 4) ;
mass0 += w;
mass1 += w ∗ mass ;

615 mass2 += w ∗ mass ∗ mass ;
energy0 += w;
energy1 += w ∗ energy ;
energy2 += w ∗ energy ∗ energy ;
i f ( p rev ious [ vo i c e ] [ 0 ] )

620 {
g lCo l o r 4 f ( c o l ou r s [ vo i c e ] [ 0 ] , c o l ou r s [ vo i c e ] [ 1 ] , c o l ou r s [ vo i c e ] [ 2 ] , w) ;
g lVer t ex2 f ( prev ious [ vo i c e ] [ 0 ] , p rev ious [ vo i c e ] [ 1 ] ) ;
g lVe r t ex2 f (mass , energy ) ;

}
625 prev ious [ vo i c e ] [ 0 ] = mass ;

p rev ious [ vo i c e ] [ 1 ] = energy ;
}
glEnd ( ) ;
i f (mass0 > 1)

630 {
mass mean ∗= 0 . 9 ;
mass mean += 0.1 ∗ mass1 / mass0 ;
mass stddev ∗= 0 . 9 ;
mass stddev += 0.1 ∗ s q r t (mass0 ∗ mass2 − mass1 ∗ mass1 ) / mass0 ;

635 }
i f ( energy0 > 1)
{

energy mean ∗= 0 . 9 ;
energy mean += 0.1 ∗ energy1 / energy0 ;

640 energy stddev ∗= 0 . 9 ;
energy stddev += 0.1 ∗ s q r t ( energy0 ∗ energy2 − energy1 ∗ energy1 ) / ⤦

Ç energy0 ;
}

#end i f
g l fwSwapBuffers (window) ;

645 g l fwPol lEvents ( ) ;
} whi le ( ! glfwWindowShouldClose (window) ) ;
gl fwTerminate ( ) ;
r e turn 0 ;

}

34 drip/Makefile

dr ip : main . cc dr ip . h pluck . h d l i n e . h event . h d r ip s . h
g++ −std=c++11 −Wall −Wextra −pedant ic −O3 −march=nat ive −fopenmp −o ⤦

Ç dr ip main . cc −lGLEW −lGL −lGLU − l g l fw − l j a c k
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35 drip/pluck.h

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

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

template < i n t P>
s t r u c t PLUCK {

i n t w;
10 i n t i ;

f l o a t z [ 2 ] [ P ] ;
PLUCK() : w(0) , i ( 0 ) {

memset(&z [ 0 ] [ 0 ] , 0 , 2 ∗ P ∗ s i z e o f ( z [ 0 ] [ 0 ] ) ) ;
} ;

15 } ;

template < i n t P>
f l o a t pluck (PLUCK<P> &p , f l o a t amp) {

i f (amp > 0) {
20 f o r ( i n t j = 0 ; j < P; ++j ) {

p . z [ p .w ] [ j ] = (480 . 0 / P) ∗ 1e−2 ∗ s q r t (amp) ∗ ( rand ( ) / ( double ) RANDMAX⤦
Ç − 0 . 5 ) ;

}
p . i = 0 ;

}
25 i f (p . i >= P) {

f o r ( i n t j = 0 ; j < P; ++j ) {
p . z [ 1 − p .w ] [ j ] = pow(0 . 999 , 480 .0 / P) / 3 .0 ∗ (p . z [ p .w ] [ j ] + p . z [ p .w ] [ ( j⤦

Ç + 1)% P] + p . z [ p .w ] [ ( j + P − 1)% P] ) ;
}
p . i = 0 ;

30 p .w = 1 − p .w;
}
re turn p . z [ p .w ] [ p . i ++];

}

35 #end i f

36 drip/README

a tap

dr ip s

5 l and ing near the i n s i d e edge
o f a metal bowl suspended in mid a i r
which goes ” t ing ” when a dr ip lands

the d r ip s f low down in to the bowl
10 spread ing out as they go

from sharp sp i k e s o f mass ( impulse t r a i n )
becoming over lapp ing humps ( near−Gaussian )
and even tua l l y f l a t
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15 the bowl has a smal l ho l e in the middle

when enough l i q u i d has accumulated
from the f low o f the d r i p s in to the bowl
to overcome su r f a c e t en s i on

20 the l i q u i d d r i p s through the ho le

underneath the ho le in the bowl
i s another bowl with a ho le
which goes ” t ing ” when a dr ip lands

25 near i t s i n s i d e edge

t h i s goes on f o r some time

each bowl l a r g e r than the l a s t
30 with a deeper ” t ing ”

the f i n a l bowl d r i p s i n to a p lant pot

i t grows and f l owe r s

37 .gitignore

cypi / cypi
s t r i n g t h i n g / s t r i n g t h i n g
dr ip / dr ip
∗˜

5 ∗ . wav
∗ .mp4
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### GNU AFFERO GENERAL PUBLIC LICENSE

Vers ion 3 , 19 November 2007

5 Copyright (C) 2007 Free Software Foundation , Inc .
<https : // f s f . org/>

Everyone i s permitted to copy and d i s t r i b u t e verbatim cop i e s o f t h i s
l i c e n s e document , but changing i t i s not a l lowed .

10

### Preamble

The GNU Af f e ro General Publ ic L i cense i s a f r e e , c opy l e f t l i c e n s e f o r
so f tware and other k inds o f works , s p e c i f i c a l l y des igned to ensure

15 cooperat i on with the community in the case o f network s e r v e r so f tware .

The l i c e n s e s f o r most so f tware and other p r a c t i c a l works are des igned
to take away your freedom to share and change the works . By contras t ,
our General Publ ic L i c en s e s are intended to guarantee your freedom to

20 share and change a l l v e r s i on s o f a program−−to make sure i t remains
f r e e so f tware f o r a l l i t s u s e r s .

When we speak o f f r e e so ftware , we are r e f e r r i n g to freedom , not
p r i c e . Our General Publ ic L i c en s e s are des igned to make sure that you
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25 have the freedom to d i s t r i b u t e cop i e s o f f r e e so f tware ( and charge f o r
them i f you wish ) , that you r e c e i v e source code or can get i t i f you
want i t , that you can change the so f tware or use p i e c e s o f i t in new
f r e e programs , and that you know you can do these th ing s .

30 Developers that use our General Publ ic L i c en s e s p ro t e c t your r i g h t s
with two s t ep s : (1 ) a s s e r t copyr ight on the software , and (2 ) o f f e r
you t h i s L i cense which g i v e s you l e g a l permis s ion to copy , d i s t r i b u t e
and/ or modify the so f tware .

35 A secondary b en e f i t o f de fend ing a l l users ’ freedom i s that
improvements made in a l t e r n a t e v e r s i on s o f the program , i f they
r e c e i v e widespread use , become ava i l a b l e f o r other deve l ope r s to
in co rpo ra t e . Many deve l ope r s o f f r e e so f tware are heartened and
encouraged by the r e s u l t i n g cooperat i on . However , in the case o f

40 so f tware used on network s e rve r s , t h i s r e s u l t may f a i l to come about .
The GNU General Publ ic L i cense permits making a modi f i ed ve r s i on and
l e t t i n g the pub l i c a c c e s s i t on a s e r v e r without ever r e l e a s i n g i t s
source code to the pub l i c .

45 The GNU Af fe ro General Publ ic L i cense i s des igned s p e c i f i c a l l y to
ensure that , in such cases , the modi f i ed source code becomes a v a i l a b l e
to the community . I t r e qu i r e s the operator o f a network s e r v e r to
prov ide the source code o f the modi f i ed ve r s i on running the re to the
u s e r s o f that s e r v e r . Therefore , pub l i c use o f a modi f i ed vers ion , on

50 a pub l i c l y a c c e s s i b l e se rver , g i v e s the pub l i c a c c e s s to the source
code o f the modi f i ed ve r s i on .

An o ld e r l i c e n s e , c a l l e d the Af f e ro General Publ ic L i cense and
publ i shed by Affero , was des igned to accompl ish s im i l a r goa l s . This i s

55 a d i f f e r e n t l i c e n s e , not a ve r s i on o f the Af f e ro GPL, but Af f e ro has
r e l e a s e d a new ve r s i on o f the Af f e ro GPL which permits r e l i c e n s i n g
under t h i s l i c e n s e .

The p r e c i s e terms and cond i t i on s f o r copying , d i s t r i b u t i o n and
60 mod i f i c a t i on f o l l ow .

### TERMS AND CONDITIONS

#### 0. De f i n i t i o n s .
65

”This L i cense ” r e f e r s to ve r s i on 3 o f the GNU Af f e ro General Publ ic
L i cense .

”Copyright ” a l s o means copyr ight − l i k e laws that apply to other k inds
70 o f works , such as semiconductor masks .

”The Program” r e f e r s to any copyr i gh tab l e work l i c e n s e d under t h i s
L i cense . Each l i c e n s e e i s addressed as ”you ” . ” L i c en s e e s ” and
” r e c i p i e n t s ” may be i nd i v i d u a l s or o r gan i z a t i on s .

75

To ”modify” a work means to copy from or adapt a l l or part o f the work
in a f a sh i on r e qu i r i n g copyr ight permiss ion , other than the making o f
an exact copy . The r e s u l t i n g work i s c a l l e d a ”modi f i ed ve r s i on ” o f
the e a r l i e r work or a work ”based on” the e a r l i e r work .

80

A ” covered work” means e i t h e r the unmodif ied Program or a work based
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on the Program .

To ”propagate ” a work means to do anything with i t that , without
85 permiss ion , would make you d i r e c t l y or s e c onda r i l y l i a b l e f o r

in f r ingement under app l i c ab l e copyr ight law , except execut ing i t on a
computer or modifying a p r i va t e copy . Propagation i n c l ud e s copying ,
d i s t r i b u t i o n ( with or without mod i f i c a t i on ) , making a v a i l a b l e to the
publ ic , and in some coun t r i e s other a c t i v i t i e s as we l l .

90

To ”convey” a work means any kind o f propagat ion that enab l e s other
p a r t i e s to make or r e c e i v e cop i e s . Mere i n t e r a c t i o n with a user
through a computer network , with no t r a n s f e r o f a copy , i s not
conveying .

95

An i n t e r a c t i v e user i n t e r f a c e d i s p l a y s ”Appropriate Legal Not i ce s ” to
the extent that i t i n c l ud e s a convenient and prominently v i s i b l e
f e a tu r e that (1 ) d i s p l a y s an appropr ia t e copyr ight not i ce , and (2 )
t e l l s the user that the re i s no warranty f o r the work ( except to the

100 extent that war rant i e s are provided ) , that l i c e n s e e s may convey the
work under t h i s License , and how to view a copy o f t h i s L i cense . I f
the i n t e r f a c e p r e s en t s a l i s t o f user commands or opt ions , such as a
menu , a prominent item in the l i s t meets t h i s c r i t e r i o n .

105 #### 1. Source Code .

The ” source code” f o r a work means the p r e f e r r e d form o f the work f o r
making mod i f i c a t i on s to i t . ”Object code” means any non− source form o f
a work .

110

A ”Standard I n t e r f a c e ” means an i n t e r f a c e that e i t h e r i s an o f f i c i a l
standard de f ined by a recogn i z ed standards body , or , in the case o f
i n t e r f a c e s s p e c i f i e d f o r a p a r t i c u l a r programming language , one that
i s wide ly used among deve l ope r s working in that language .

115

The ”System L i b r a r i e s ” o f an executab l e work inc lude anything , other
than the work as a whole , that ( a ) i s inc luded in the normal form o f
packaging a Major Component , but which i s not part o f that Major
Component , and (b) s e r v e s only to enable use o f the work with that

120 Major Component , or to implement a Standard I n t e r f a c e f o r which an
implementation i s a v a i l a b l e to the pub l i c in source code form . A
”Major Component” , in t h i s context , means a major e s s e n t i a l component
( kerne l , window system , and so on ) o f the s p e c i f i c opera t ing system
( i f any ) on which the executab l e work runs , or a compi le r used to

125 produce the work , or an ob j e c t code i n t e r p r e t e r used to run i t .

The ”Corresponding Source ” f o r a work in ob j e c t code form means a l l
the source code needed to generate , i n s t a l l , and ( f o r an executab l e
work ) run the ob j e c t code and to modify the work , i n c l ud ing s c r i p t s to

130 c on t r o l those a c t i v i t i e s . However , i t does not in c lude the work ’ s
System L ib ra r i e s , or genera l −purpose t o o l s or g en e r a l l y a v a i l a b l e f r e e
programs which are used unmodif ied in per forming those a c t i v i t i e s but
which are not part o f the work . For example , Corresponding Source
i n c l ud e s i n t e r f a c e d e f i n i t i o n f i l e s a s s o c i a t ed with source f i l e s f o r

135 the work , and the source code f o r shared l i b r a r i e s and dynamical ly
l i nked subprograms that the work i s s p e c i f i c a l l y des igned to requ i r e ,
such as by int imate data communication or c on t r o l f low between those
subprograms and other par t s o f the work .
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140 The Corresponding Source need not in c lude anything that u s e r s can
r egene ra t e automat i ca l l y from other par t s o f the Corresponding Source .

The Corresponding Source f o r a work in source code form i s that same
work .

145

#### 2. Basic Permiss ions .

Al l r i g h t s granted under t h i s L i cense are granted f o r the term o f
copyr ight on the Program , and are i r r e v o c ab l e provided the s ta t ed

150 cond i t i on s are met . This L i cense e x p l i c i t l y a f f i rm s your un l imi ted
permis s ion to run the unmodif ied Program . The output from running a
covered work i s covered by t h i s L i cense only i f the output , g iven i t s
content , c o n s t i t u t e s a covered work . This L i cense acknowledges your
r i g h t s o f f a i r use or other equ iva l ent , as provided by copyr ight law .

155

You may make , run and propagate covered works that you do not convey ,
without cond i t i on s so long as your l i c e n s e otherw i se remains in f o r c e .
You may convey covered works to o the r s f o r the s o l e purpose o f having
them make mod i f i c a t i on s e x c l u s i v e l y f o r you , or prov ide you with

160 f a c i l i t i e s f o r running those works , provided that you comply with the
terms o f t h i s L i cense in conveying a l l mate r i a l f o r which you do not
c on t r o l copyr ight . Those thus making or running the covered works f o r
you must do so e x c l u s i v e l y on your beha l f , under your d i r e c t i o n and
cont ro l , on terms that p r oh i b i t them from making any cop i e s o f your

165 copyr ighted mate r i a l ou t s id e t h e i r r e l a t i o n s h i p with you .

Conveying under any other c i r cumstances i s permitted s o l e l y under the
cond i t i on s s ta t ed below . Sub l i c en s i ng i s not a l lowed ; s e c t i o n 10 makes
i t unnecessary .

170

#### 3. Protec t ing Users ’ Legal Rights From Anti−Circumvention Law .

No covered work s h a l l be deemed part o f an e f f e c t i v e t e c hno l o g i c a l
measure under any app l i c ab l e law f u l f i l l i n g o b l i g a t i o n s under a r t i c l e

175 11 o f the WIPO copyr ight t r ea ty adopted on 20 December 1996 , or
s im i l a r laws p r oh i b i t i n g or r e s t r i c t i n g c ircumvent ion o f such
measures .

When you convey a covered work , you waive any l e g a l power to f o rb i d
180 c i rcumvent ion o f t e c hno l o g i c a l measures to the extent such

c ircumvent ion i s e f f e c t e d by e x e r c i s i n g r i g h t s under t h i s L i cense with
r e sp e c t to the covered work , and you d i s c l a im any i n t en t i on to l im i t
opera t i on or mod i f i c a t i on o f the work as a means o f en fo rc ing , aga in s t
the work ’ s users , your or th i rd pa r t i e s ’ l e g a l r i g h t s to f o rb i d

185 c i rcumvent ion o f t e c hno l o g i c a l measures .

#### 4 . Conveying Verbatim Copies .

You may convey verbatim cop i e s o f the Program ’ s source code as you
190 r e c e i v e i t , in any medium , provided that you consp i cuous ly and

approp r i a t e l y pub l i sh on each copy an appropr ia t e copyr ight no t i c e ;
keep i n t a c t a l l n o t i c e s s t a t i n g that t h i s L i cense and any
non−permi s s i v e terms added in accord with s e c t i o n 7 apply to the code ;
keep i n t a c t a l l n o t i c e s o f the absence o f any warranty ; and g ive a l l

195 r e c i p i e n t s a copy o f t h i s L i cense along with the Program .
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You may charge any p r i c e or no p r i c e f o r each copy that you convey ,
and you may o f f e r support or warranty p ro t e c t i on f o r a f e e .

200 #### 5. Conveying Modif ied Source Vers ions .

You may convey a work based on the Program , or the mod i f i c a t i on s to
produce i t from the Program , in the form o f source code under the
terms o f s e c t i o n 4 , provided that you a l s o meet a l l o f the se

205 cond i t i on s :

− a ) The work must car ry prominent no t i c e s s t a t i n g that you modi f i ed
i t , and g iv ing a r e l e van t date .

− b) The work must car ry prominent no t i c e s s t a t i n g that i t i s
210 r e l e a s e d under t h i s L i cense and any cond i t i on s added under

s e c t i o n 7 . This requirement mod i f i e s the requirement in s e c t i o n 4
to ”keep i n t a c t a l l n o t i c e s ” .

− c ) You must l i c e n s e the e n t i r e work , as a whole , under t h i s
L i cense to anyone who comes in to po s s e s s i on o f a copy . This

215 License w i l l t h e r e f o r e apply , a long with any app l i c ab l e s e c t i o n 7
add i t i o na l terms , to the whole o f the work , and a l l i t s parts ,
r e g a r d l e s s o f how they are packaged . This L i cense g i v e s no
permis s ion to l i c e n s e the work in any other way , but i t does not
i n v a l i d a t e such permis s ion i f you have s epa r a t e l y r e c e i v ed i t .

220 − d) I f the work has i n t e r a c t i v e user i n t e r f a c e s , each must d i sp l ay
Appropriate Legal Not i ce s ; however , i f the Program has i n t e r a c t i v e
i n t e r f a c e s that do not d i sp l ay Appropriate Legal Not ices , your
work need not make them do so .

225 A compi la t ion o f a covered work with other s epara t e and independent
works , which are not by t h e i r nature ex t en s i on s o f the covered work ,
and which are not combined with i t such as to form a l a r g e r program ,
in or on a volume o f a s to rage or d i s t r i b u t i o n medium , i s c a l l e d an
” aggregate ” i f the compi la t ion and i t s r e s u l t i n g copyr ight are not

230 used to l im i t the a c c e s s or l e g a l r i g h t s o f the compi lat ion ’ s u s e r s
beyond what the i nd i v i dua l works permit . I n c l u s i o n o f a covered work
in an aggregate does not cause t h i s L i cense to apply to the other
par t s o f the aggregate .

235 #### 6. Conveying Non−Source Forms .

You may convey a covered work in ob j e c t code form under the terms o f
s e c t i o n s 4 and 5 , provided that you a l s o convey the machine− r eadab le
Corresponding Source under the terms o f t h i s License , in one o f the se

240 ways :

− a ) Convey the ob j e c t code in , or embodied in , a phy s i c a l product
( i n c l ud ing a phy s i c a l d i s t r i b u t i o n medium) , accompanied by the
Corresponding Source f i x ed on a durable phy s i c a l medium

245 cus tomar i ly used f o r so f tware in te rchange .
− b) Convey the ob j e c t code in , or embodied in , a phy s i c a l product

( i n c l ud ing a phy s i c a l d i s t r i b u t i o n medium) , accompanied by a
wr i t t en o f f e r , v a l i d f o r at l e a s t three years and va l i d f o r as
long as you o f f e r spare par t s or customer support f o r that product

250 model , to g ive anyone who po s s e s s e s the ob j e c t code e i t h e r (1 ) a
copy o f the Corresponding Source f o r a l l the so f tware in the
product that i s covered by t h i s License , on a durable phy s i c a l
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medium customar i ly used f o r so f tware interchange , f o r a p r i c e no
more than your rea sonab l e co s t o f phy s i c a l l y per forming t h i s

255 conveying o f source , or (2 ) a c c e s s to copy the Corresponding
Source from a network s e r v e r at no charge .

− c ) Convey i nd i v i dua l c op i e s o f the ob j e c t code with a copy o f the
wr i t t en o f f e r to prov ide the Corresponding Source . This
a l t e r n a t i v e i s a l lowed only o c c a s i o n a l l y and noncommercial ly , and

260 only i f you r e c e i v ed the ob j e c t code with such an o f f e r , in accord
with subs e c t i on 6b .

− d) Convey the ob j e c t code by o f f e r i n g ac c e s s from a des ignated
p lace ( g r a t i s or f o r a charge ) , and o f f e r equ iva l en t a c c e s s to the
Corresponding Source in the same way through the same p lace at no

265 f u r t h e r charge . You need not r e qu i r e r e c i p i e n t s to copy the
Corresponding Source along with the ob j e c t code . I f the p lace to
copy the ob j e c t code i s a network se rver , the Corresponding Source
may be on a d i f f e r e n t s e r v e r ( operated by you or a th i rd party )
that supports equ iva l en t copying f a c i l i t i e s , provided you maintain

270 c l e a r d i r e c t i o n s next to the ob j e c t code say ing where to f i nd the
Corresponding Source . Regard le s s o f what s e r v e r hos t s the
Corresponding Source , you remain ob l i g a t ed to ensure that i t i s
a v a i l a b l e f o r as long as needed to s a t i s f y these requ i rements .

− e ) Convey the ob j e c t code us ing peer −to−peer t ransmis s ion ,
275 provided you inform other pee r s where the ob j e c t code and

Corresponding Source o f the work are being o f f e r e d to the gene ra l
pub l i c at no charge under subse c t i on 6d .

A separab l e por t i on o f the ob j e c t code , whose source code i s excluded
280 from the Corresponding Source as a System Library , need not be

inc luded in conveying the ob j e c t code work .

A ”User Product” i s e i t h e r (1 ) a ”consumer product ” , which means any
t ang i b l e pe r sona l property which i s normally used f o r persona l ,

285 fami ly , or household purposes , or (2 ) anything des igned or so ld f o r
i n co rpo ra t i on in to a dwe l l i ng . In determining whether a product i s a
consumer product , doubt fu l c a s e s s h a l l be r e s o l v ed in favor o f
coverage . For a p a r t i c u l a r product r e c e i v ed by a p a r t i c u l a r user ,
” normally used” r e f e r s to a t yp i c a l or common use o f that c l a s s o f

290 product , r e g a r d l e s s o f the s t a tu s o f the p a r t i c u l a r user or o f the way
in which the p a r t i c u l a r user a c t ua l l y uses , or expect s or i s expected
to use , the product . A product i s a consumer product r e g a r d l e s s o f
whether the product has s ub s t an t i a l commercial , i n d u s t r i a l or
non−consumer uses , un l e s s such uses r ep r e s en t the only s i g n i f i c a n t

295 mode o f use o f the product .

” I n s t a l l a t i o n In format ion ” f o r a User Product means any methods ,
procedures , au tho r i z a t i on keys , or other in fo rmat ion r equ i r ed to
i n s t a l l and execute modi f i ed v e r s i on s o f a covered work in that User

300 Product from a modi f i ed ve r s i on o f i t s Corresponding Source . The
in fo rmat ion must s u f f i c e to ensure that the cont inued func t i on ing o f
the modi f i ed ob j e c t code i s in no case prevented or i n t e r f e r e d with
s o l e l y because mod i f i c a t i on has been made .

305 I f you convey an ob j e c t code work under t h i s s e c t i o n in , or with , or
s p e c i f i c a l l y f o r use in , a User Product , and the conveying occurs as
part o f a t r an sa c t i on in which the r i g h t o f po s s e s s i on and use o f the
User Product i s t r a n s f e r r e d to the r e c i p i e n t in pe rpe tu i ty or f o r a
f i x ed term ( r e g a r d l e s s o f how the t r an sa c t i on i s cha r a c t e r i z ed ) , the
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310 Corresponding Source conveyed under t h i s s e c t i o n must be accompanied
by the I n s t a l l a t i o n In format ion . But t h i s requirement does not apply
i f n e i t h e r you nor any th i rd party r e t a i n s the a b i l i t y to i n s t a l l
modi f i ed ob j e c t code on the User Product ( f o r example , the work has
been i n s t a l l e d in ROM) .

315

The requirement to prov ide I n s t a l l a t i o n In format ion does not in c lude a
requirement to cont inue to prov ide support s e r v i c e , warranty , or
updates f o r a work that has been modi f i ed or i n s t a l l e d by the
r e c i p i e n t , or f o r the User Product in which i t has been modi f i ed or

320 i n s t a l l e d . Access to a network may be denied when the mod i f i c a t i on
i t s e l f ma t e r i a l l y and adve r s e l y a f f e c t s the opera t i on o f the network
or v i o l a t e s the r u l e s and p ro t o c o l s f o r communication ac ro s s the
network .

325 Corresponding Source conveyed , and I n s t a l l a t i o n In format ion provided ,
in accord with t h i s s e c t i o n must be in a format that i s pub l i c l y
documented ( and with an implementation a v a i l a b l e to the pub l i c in
source code form ) , and must r e qu i r e no s p e c i a l password or key f o r
unpacking , read ing or copying .

330

#### 7. Addi t iona l Terms .

”Addi t iona l pe rmi s s i ons ” are terms that supplement the terms o f t h i s
L i cense by making except i on s from one or more o f i t s c ond i t i on s .

335 Addi t iona l pe rmi s s i ons that are app l i c ab l e to the e n t i r e Program s h a l l
be t r ea t ed as though they were inc luded in t h i s License , to the extent
that they are va l i d under app l i c ab l e law . I f add i t i ona l pe rmi s s i ons
apply only to part o f the Program , that part may be used s epa r a t e l y
under those permiss ions , but the e n t i r e Program remains governed by

340 t h i s L i cense without regard to the add i t i o na l pe rmi s s i ons .

When you convey a copy o f a covered work , you may at your opt ion
remove any add i t i o na l pe rmi s s i ons from that copy , or from any part o f
i t . ( Addi t iona l pe rmi s s i ons may be wr i t t en to r e qu i r e t h e i r own

345 removal in c e r t a i n ca s e s when you modify the work . ) You may p lace
add i t i o na l pe rmi s s i ons on mater ia l , added by you to a covered work ,
f o r which you have or can g ive appropr ia t e copyr ight permis s ion .

Notwithstanding any other p r ov i s i on o f t h i s License , f o r mate r i a l you
350 add to a covered work , you may ( i f author i zed by the copyr ight ho lde r s

o f that mate r i a l ) supplement the terms o f t h i s L i cense with terms :

− a ) Disc la iming warranty or l im i t i n g l i a b i l i t y d i f f e r e n t l y from the
terms o f s e c t i o n s 15 and 16 o f t h i s L i cense ; or

355 − b) Requir ing p r e s e r va t i on o f s p e c i f i e d rea sonab l e l e g a l n o t i c e s or
author a t t r i b u t i o n s in that mate r i a l or in the Appropriate Legal
Not i ce s d i sp l ayed by works conta in ing i t ; or

− c ) Proh ib i t i ng mi s r ep r e s en ta t i on o f the o r i g i n o f that mater ia l ,
or r e qu i r i n g that modi f i ed v e r s i on s o f such mate r i a l be marked in

360 r ea sonab l e ways as d i f f e r e n t from the o r i g i n a l v e r s i on ; or
− d) Limit ing the use f o r pub l i c i t y purposes o f names o f l i c e n s o r s

or authors o f the mate r i a l ; or
− e ) Dec l in ing to grant r i g h t s under trademark law f o r use o f some

trade names , trademarks , or s e r v i c e marks ; or
365 − f ) Requir ing i ndemn i f i c a t i on o f l i c e n s o r s and authors o f that

mate r i a l by anyone who conveys the mate r i a l ( or modi f i ed v e r s i on s
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o f i t ) with con t ra c tua l assumptions o f l i a b i l i t y to the r e c i p i e n t ,
f o r any l i a b i l i t y that these con t ra c tua l assumptions d i r e c t l y
impose on those l i c e n s o r s and authors .

370

Al l other non−permi s s i v e add i t i ona l terms are cons ide r ed ” f u r t h e r
r e s t r i c t i o n s ” with in the meaning o f s e c t i o n 10 . I f the Program as you
r e c e i v ed i t , or any part o f i t , conta in s a no t i c e s t a t i n g that i t i s
governed by t h i s L i cense along with a term that i s a f u r t h e r

375 r e s t r i c t i o n , you may remove that term . I f a l i c e n s e document conta in s
a f u r t h e r r e s t r i c t i o n but permits r e l i c e n s i n g or conveying under t h i s
License , you may add to a covered work mate r i a l governed by the terms
o f that l i c e n s e document , provided that the f u r t h e r r e s t r i c t i o n does
not su rv iv e such r e l i c e n s i n g or conveying .

380

I f you add terms to a covered work in accord with t h i s s e c t i on , you
must place , in the r e l e van t source f i l e s , a statement o f the
add i t i o na l terms that apply to those f i l e s , or a no t i c e i nd i c a t i n g
where to f i nd the app l i c ab l e terms .

385

Addi t iona l terms , pe rmi s s i v e or non−permiss ive , may be s ta t ed in the
form o f a s epa r a t e l y wr i t t en l i c e n s e , or s ta t ed as except i on s ; the
above requi rements apply e i t h e r way .

390 #### 8. Termination .

You may not propagate or modify a covered work except as exp r e s s l y
provided under t h i s L i cense . Any attempt otherw i s e to propagate or
modify i t i s void , and w i l l automat i ca l l y terminate your r i g h t s under

395 t h i s L i cense ( i n c l ud ing any patent l i c e n s e s granted under the th i rd
paragraph o f s e c t i o n 11) .

However , i f you cease a l l v i o l a t i o n o f t h i s License , then your l i c e n s e
from a pa r t i c u l a r copyr ight ho lder i s r e i n s t a t e d ( a ) p r ov i s i o n a l l y ,

400 un l e s s and un t i l the copyr ight ho lder e x p l i c i t l y and f i n a l l y
te rminates your l i c e n s e , and (b) permanently , i f the copyr ight ho lder
f a i l s to n o t i f y you o f the v i o l a t i o n by some reasonab l e means p r i o r to
60 days a f t e r the c e s s a t i o n .

405 Moreover , your l i c e n s e from a pa r t i c u l a r copyr ight ho lder i s
r e i n s t a t e d permanently i f the copyr ight ho lder n o t i f i e s you o f the
v i o l a t i o n by some reasonab l e means , t h i s i s the f i r s t time you have
r e c e i v ed no t i c e o f v i o l a t i o n o f t h i s L i cense ( f o r any work ) from that
copyr ight holder , and you cure the v i o l a t i o n p r i o r to 30 days a f t e r

410 your r e c e i p t o f the no t i c e .

Termination o f your r i g h t s under t h i s s e c t i o n does not terminate the
l i c e n s e s o f p a r t i e s who have r e c e i v ed cop i e s or r i g h t s from you under
t h i s L i cense . I f your r i g h t s have been terminated and not permanently

415 r e i n s t a t ed , you do not qu a l i f y to r e c e i v e new l i c e n s e s f o r the same
mate r i a l under s e c t i o n 10 .

#### 9 . Acceptance Not Required f o r Having Copies .

420 You are not r equ i r ed to accept t h i s L i cense in order to r e c e i v e or run
a copy o f the Program . Anc i l l a r y propagat ion o f a covered work
occur r ing s o l e l y as a consequence o f us ing peer −to−peer t ransmi s s i on
to r e c e i v e a copy l i k ew i s e does not r e qu i r e acceptance . However ,
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nothing other than t h i s L i cense grants you permis s ion to propagate or
425 modify any covered work . These a c t i on s i n f r i n g e copyr ight i f you do

not accept t h i s L i cense . Therefore , by modifying or propagat ing a
covered work , you i nd i c a t e your acceptance o f t h i s L i cense to do so .

#### 10 . Automatic L i c ens ing o f Downstream Rec ip i en t s .
430

Each time you convey a covered work , the r e c i p i e n t automat i ca l l y
r e c e i v e s a l i c e n s e from the o r i g i n a l l i c e n s o r s , to run , modify and
propagate that work , sub j e c t to t h i s L i cense . You are not r e s p on s i b l e
f o r en f o r c i ng compliance by th i rd p a r t i e s with t h i s L i cense .

435

An ” en t i t y t r an sa c t i on ” i s a t r an sa c t i on t r a n s f e r r i n g con t r o l o f an
organ i za t i on , or s u b s t a n t i a l l y a l l a s s e t s o f one , or subd iv id ing an
organ i za t i on , or merging o r gan i z a t i on s . I f propagat ion o f a covered
work r e s u l t s from an en t i t y t ransac t i on , each party to that

440 t r an sa c t i on who r e c e i v e s a copy o f the work a l s o r e c e i v e s whatever
l i c e n s e s to the work the party ’ s p r edec e s s o r in i n t e r e s t had or could
g ive under the prev ious paragraph , p lus a r i g h t to po s s e s s i on o f the
Corresponding Source o f the work from the pr edec e s so r in i n t e r e s t , i f
the p r edec e s s o r has i t or can get i t with rea sonab l e e f f o r t s .

445

You may not impose any f u r t h e r r e s t r i c t i o n s on the e x e r c i s e o f the
r i g h t s granted or a f f i rmed under t h i s L i cense . For example , you may
not impose a l i c e n s e fee , roya l ty , or other charge f o r e x e r c i s e o f
r i g h t s granted under t h i s License , and you may not i n i t i a t e l i t i g a t i o n

450 ( i n c l ud ing a cros s −c la im or counterc la im in a l awsu i t ) a l l e g i n g that
any patent c la im i s i n f r i n g e d by making , using , s e l l i n g , o f f e r i n g f o r
sa l e , or import ing the Program or any por t i on o f i t .

#### 11 . Patents .
455

A ” cont r i bu to r ” i s a copyr ight ho lder who au tho r i z e s use under t h i s
L i cense o f the Program or a work on which the Program i s based . The
work thus l i c e n s e d i s c a l l e d the contr ibutor ’ s ” con t r i bu to r v e r s i on ” .

460 A contr ibutor ’ s ” e s s e n t i a l patent c la ims ” are a l l patent c la ims owned
or c on t r o l l e d by the contr ibutor , whether a l r eady acqu i red or
h e r e a f t e r acquired , that would be i n f r i n g e d by some manner , permitted
by t h i s License , o f making , using , or s e l l i n g i t s c on t r i bu to r ver s ion ,
but do not in c lude c la ims that would be i n f r i n g e d only as a

465 consequence o f f u r t h e r mod i f i c a t i on o f the con t r i bu to r ve r s i on . For
purposes o f t h i s d e f i n i t i o n , ” c on t r o l ” i n c l ud e s the r i g h t to grant
patent s ub l i c e n s e s in a manner c on s i s t e n t with the requi rements o f
t h i s L i cense .

470 Each con t r i bu to r grants you a non− exc lu s i v e , worldwide , roya l ty − f r e e
patent l i c e n s e under the cont r ibutor ’ s e s s e n t i a l patent c la ims , to
make , use , s e l l , o f f e r f o r sa l e , import and otherw i s e run , modify and
propagate the contents o f i t s c on t r i bu to r ve r s i on .

475 In the f o l l ow i n g three paragraphs , a ” patent l i c e n s e ” i s any expre s s
agreement or commitment , however denominated , not to en f o r c e a patent
( such as an expre s s permis s ion to p r a c t i c e a patent or covenant not to
sue f o r patent in f r ingement ) . To ” grant ” such a patent l i c e n s e to a
party means to make such an agreement or commitment not to en f o r c e a

480 patent aga in s t the party .
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I f you convey a covered work , knowingly r e l y i n g on a patent l i c e n s e ,
and the Corresponding Source o f the work i s not a v a i l a b l e f o r anyone
to copy , f r e e o f charge and under the terms o f t h i s License , through a

485 pub l i c l y a v a i l a b l e network s e r v e r or other r e a d i l y a c c e s s i b l e means ,
then you must e i t h e r (1 ) cause the Corresponding Source to be so
ava i l ab l e , or (2 ) arrange to depr ive y ou r s e l f o f the b en e f i t o f the
patent l i c e n s e f o r t h i s p a r t i c u l a r work , or (3 ) arrange , in a manner
c on s i s t e n t with the requi rements o f t h i s License , to extend the patent

490 l i c e n s e to downstream r e c i p i e n t s . ”Knowingly r e l y i n g ” means you have
ac tua l knowledge that , but f o r the patent l i c e n s e , your conveying the
covered work in a country , or your r e c i p i e n t ’ s use o f the covered work
in a country , would i n f r i n g e one or more i d e n t i f i a b l e patents in that
country that you have reason to b e l i e v e are va l i d .

495

I f , pursuant to or in connect ion with a s i n g l e t r an sa c t i on or
arrangement , you convey , or propagate by procur ing conveyance of , a
covered work , and grant a patent l i c e n s e to some o f the p a r t i e s
r e c e i v i n g the covered work autho r i z i ng them to use , propagate , modify

500 or convey a s p e c i f i c copy o f the covered work , then the patent l i c e n s e
you grant i s automat i ca l l y extended to a l l r e c i p i e n t s o f the covered
work and works based on i t .

A patent l i c e n s e i s ” d i s c r im ina to ry ” i f i t does not in c lude with in the
505 scope o f i t s coverage , p r oh i b i t s the e x e r c i s e of , or i s cond i t i oned on

the non− e x e r c i s e o f one or more o f the r i g h t s that are s p e c i f i c a l l y
granted under t h i s L i cense . You may not convey a covered work i f you
are a party to an arrangement with a th i rd party that i s in the
bus in e s s o f d i s t r i b u t i n g software , under which you make payment to the

510 th i rd party based on the extent o f your a c t i v i t y o f conveying the
work , and under which the th i rd party grants , to any o f the p a r t i e s
who would r e c e i v e the covered work from you , a d i s c r im ina to ry patent
l i c e n s e ( a ) in connect ion with cop i e s o f the covered work conveyed by
you ( or cop i e s made from those cop i e s ) , or (b) p r imar i l y f o r and in

515 connect ion with s p e c i f i c products or compi l a t i ons that conta in the
covered work , un l e s s you entered in to that arrangement , or that patent
l i c e n s e was granted , p r i o r to 28 March 2007 .

Nothing in t h i s L i cense s h a l l be construed as exc lud ing or l im i t i n g
520 any impl i ed l i c e n s e or other de f en s e s to in f r ingement that may

otherwi s e be a v a i l a b l e to you under app l i c ab l e patent law .

#### 12 . No Surrender o f Others ’ Freedom .

525 I f c ond i t i on s are imposed on you ( whether by court order , agreement or
otherwi s e ) that con t r ad i c t the cond i t i on s o f t h i s License , they do not
excuse you from the cond i t i on s o f t h i s L i cense . I f you cannot convey a
covered work so as to s a t i s f y s imul taneous ly your o b l i g a t i o n s under
t h i s L i cense and any other pe r t i n en t ob l i g a t i on s , then as a

530 consequence you may not convey i t at a l l . For example , i f you agree to
terms that ob l i g a t e you to c o l l e c t a roya l ty f o r f u r t h e r conveying
from those to whom you convey the Program , the only way you could
s a t i s f y both those terms and t h i s L i cense would be to r e f r a i n e n t i r e l y
from conveying the Program .

535

#### 13 . Remote Network I n t e r a c t i o n ; Use with the GNU General Publ ic L i cense .
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Notwithstanding any other p r ov i s i on o f t h i s License , i f you modify the
Program , your modi f i ed ve r s i on must prominently o f f e r a l l u s e r s

540 i n t e r a c t i n g with i t remotely through a computer network ( i f your
ve r s i on supports such i n t e r a c t i o n ) an opportunity to r e c e i v e the
Corresponding Source o f your ve r s i on by prov id ing ac c e s s to the
Corresponding Source from a network s e r v e r at no charge , through some
standard or customary means o f f a c i l i t a t i n g copying o f so f tware . This

545 Corresponding Source s h a l l i n c lude the Corresponding Source f o r any
work covered by ve r s i on 3 o f the GNU General Publ ic L i cense that i s
inco rpora ted pursuant to the f o l l ow i ng paragraph .

Notwithstanding any other p r ov i s i on o f t h i s License , you have
550 permis s ion to l i n k or combine any covered work with a work l i c e n s e d

under ve r s i on 3 o f the GNU General Publ ic L i cense in to a s i n g l e
combined work , and to convey the r e s u l t i n g work . The terms o f t h i s
L i cense w i l l cont inue to apply to the part which i s the covered work ,
but the work with which i t i s combined w i l l remain governed by ve r s i on

555 3 o f the GNU General Publ ic L i cense .

#### 14 . Revised Vers ions o f t h i s L i cense .

The Free Software Foundation may pub l i sh r e v i s ed and/or new ve r s i on s
560 o f the GNU Af f e ro General Publ ic L i cense from time to time . Such new

ve r s i on s w i l l be s im i l a r in s p i r i t to the pre sent ver s ion , but may
d i f f e r in d e t a i l to address new problems or concerns .

Each ve r s i on i s g iven a d i s t i n g u i s h i n g ve r s i on number . I f the Program
565 s p e c i f i e s that a c e r t a i n numbered ve r s i on o f the GNU Af fe ro General

Publ ic L i cense ” or any l a t e r v e r s i on ” app l i e s to i t , you have the
opt ion o f f o l l ow i ng the terms and cond i t i on s e i t h e r o f that numbered
ve r s i on or o f any l a t e r v e r s i on publ i shed by the Free Software
Foundation . I f the Program does not s p e c i f y a ve r s i on number o f the

570 GNU Af f e ro General Publ ic License , you may choose any ve r s i on ever
publ i shed by the Free Software Foundation .

I f the Program s p e c i f i e s that a proxy can dec ide which fu tu r e v e r s i on s
o f the GNU Af f e ro General Publ ic L i cense can be used , that proxy ’ s

575 pub l i c statement o f acceptance o f a ve r s i on permanently au tho r i z e s you
to choose that ve r s i on f o r the Program .

Later l i c e n s e v e r s i on s may g ive you add i t i ona l or d i f f e r e n t
pe rmi s s i ons . However , no add i t i ona l o b l i g a t i o n s are imposed on any

580 author or copyr ight ho lder as a r e s u l t o f your choos ing to f o l l ow a
l a t e r v e r s i on .

#### 15 . Di sc la imer o f Warranty .

585 THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT
HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM ”AS IS” WITHOUT
WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

590 A PARTICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND
PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE PROGRAM PROVE
DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR
CORRECTION.
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595 #### 16 . L imitat ion o f L i a b i l i t y .

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR
CONVEYS THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES,

600 INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES
ARISING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT
NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR
LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM
TO OPERATE WITH ANY OTHER PROGRAMS) , EVEN IF SUCH HOLDER OR OTHER

605 PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

#### 17 . I n t e r p r e t a t i o n o f Se c t i on s 15 and 16 .

I f the d i s c l a ime r o f warranty and l im i t a t i o n o f l i a b i l i t y provided
610 above cannot be g iven l o c a l l e g a l e f f e c t accord ing to t h e i r terms ,

r ev i ewing cour t s s h a l l apply l o c a l law that most c l o s e l y approximates
an abso lu t e waiver o f a l l c i v i l l i a b i l i t y in connect ion with the
Program , un l e s s a warranty or assumption o f l i a b i l i t y accompanies a
copy o f the Program in return f o r a f e e .

615

END OF TERMS AND CONDITIONS

### How to Apply These Terms to Your New Programs

620 I f you develop a new program , and you want i t to be o f the g r e a t e s t
p o s s i b l e use to the publ ic , the bes t way to ach ieve t h i s i s to make i t
f r e e so f tware which everyone can r e d i s t r i b u t e and change under these
terms .

625 To do so , attach the f o l l ow i n g no t i c e s to the program . I t i s s a f e s t to
attach them to the s t a r t o f each source f i l e to most e f f e c t i v e l y s t a t e
the ex c l u s i on o f warranty ; and each f i l e should have at l e a s t the
” copyr ight ” l i n e and a po in t e r to where the f u l l no t i c e i s found .

630 <one l i n e to g ive the program ’ s name and a b r i e f idea o f what i t does .>
Copyright (C) <year> <name o f author>

This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU Af f e ro General Publ ic L i cense as

635 publ i shed by the Free Software Foundation , e i t h e r v e r s i on 3 o f the
License , or ( at your opt ion ) any l a t e r v e r s i on .

This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f

640 MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU Af f e ro General Publ ic L i cense f o r more d e t a i l s .

You should have r e c e i v ed a copy o f the GNU Af f e ro General Publ ic L i cense
along with t h i s program . I f not , s e e <https : //www. gnu . org / l i c e n s e s />.

645

Also add in fo rmat ion on how to contact you by e l e c t r o n i c and paper
mail .

I f your so f tware can i n t e r a c t with u s e r s remotely through a computer
650 network , you should a l s o make sure that i t p rov ide s a way f o r u s e r s to

get i t s source . For example , i f your program i s a web app l i c a t i on , i t s
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i n t e r f a c e could d i sp l ay a ”Source ” l i n k that l e ad s u s e r s to an arch ive
o f the code . There are many ways you could o f f e r source , and d i f f e r e n t
s o l u t i o n s w i l l be be t t e r f o r d i f f e r e n t programs ; s ee s e c t i o n 13 f o r

655 the s p e c i f i c requ i rements .

You should a l s o get your employer ( i f you work as a programmer ) or
school , i f any , to s i gn a ” copyr ight d i s c l a ime r ” f o r the program , i f
nece s sa ry . For more in fo rmat ion on th i s , and how to apply and f o l l ow

660 the GNU AGPL, see <https : //www. gnu . org / l i c e n s e s />.

39 harmonic-protocol/.gitignore

harmonic−pro to co l
harmonic−pro to co l . html
harmonic−pro to co l . j s
harmonic−pro to co l .wasm

5 ∗ . gz

40 harmonic-protocol/harmonic-protocol.c

/∗
Harmonic Protoco l (AGPL3+) 2019 Claude Heiland −Allen <claude@mathr . co . uk>
License : https : //www. gnu . org / l i c e n s e s / agpl −3 . 0 . en . html
∗/

5

#inc lude <SDL2/SDL. h>
#inc lude <SDL2/SDL audio . h>

#i f d e f EMSCRIPTEN
10 #inc lude <emscr ipten . h>

#e l s e
#inc lude <uni s td . h>
#end i f

15 #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 <tgmath . h>
#inc lude <time . h>

20

typede f f l o a t sample ;
s t a t i c f l o a t SR = 48000;
s t a t i c i n t TET = 12 ;
s t a t i c i n t DELTA = 7 ;

25 s t a t i c i n t NOTES = (72 − 24) / 12 ∗ 12 ;
#de f i n e MAXNOTES 512
#de f i n e p i 3.141592653589793
#de f i n e twopi (2 ∗ pi )

30 s t a t i c i n l i n e sample clamp ( sample x , sample lo , sample h i ) {
re turn fmin ( fmax (x , l o ) , h i ) ;

}

s t a t i c i n l i n e sample mix ( sample x , sample y , sample t ) {
35 re turn (1 − t ) ∗ x + t ∗ y ;

}
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s t a t i c i n l i n e sample no i s e ( ) {
re turn 2 ∗ ( rand ( ) / ( sample ) RANDMAX − ( sample ) 0 . 5 ) ;

40 }

s t a t i c i n l i n e sample mtof ( sample f ) {
re turn ( sample ) 8.17579891564 ∗ exp ( ( sample ) 0.0577622650 ∗ fmin ( f , 1499) ) ;

}
45

#de f i n e log10over ten 0.23025850929940458
#de f i n e tenover log10 4.3429448190325175

s t a t i c i n l i n e sample dbtorms ( sample f ) {
50 re turn exp ( ( sample ) 0 . 5 ∗ ( sample ) l og10over ten ∗ ( fmin ( f , 870) − 100) ) ;

}

s t a t i c i n l i n e sample rmstodb ( sample f ) {
re turn 100 + 2 ∗ ( sample ) t enover l og10 ∗ l og ( f ) ;

55 }

// based on pd ’ s [ lop ˜ ] [ hip ˜ ]

typede f s t r u c t { double y ; } LOP;
60

s t a t i c sample lop (LOP ∗ s , sample x , sample hz ) {
double c = clamp ( twopi ∗ hz / SR, 0 , 1) ;
r e turn s−>y = mix (x , s−>y , 1 − c ) ;

}
65

typede f s t r u c t { double y ; } HIP ;

s t a t i c sample hip (HIP ∗ s , sample x , sample hz ) {
double c = clamp (1 − twopi ∗ hz / SR, 0 , 1) ;

70 double n = (1 + c ) / 2 ;
double y = x + c ∗ s−>y ;
double o = n ∗ ( y − s−>y ) ;
s−>y = y ;
re turn o ;

75 }

// one−po le one−zero low pass f i l t e r des igned in the Z plane

typede f s t r u c t {
80 double a ;

double b ;
sample x ;
double y ;

} LOP1;
85

s t a t i c LOP1 ∗ l op1 (LOP1 ∗ s , sample hz )
{

const double w = twopi ∗ clamp ( fabs ( hz / SR) , 0 , ( sample ) 0 . 5 ) ;
s−>a = (1 − s i n (w) ) / cos (w) ;

90 s−>b = (1 − s−>a ) / 2 ;
re turn s ;

}
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s t a t i c i n l i n e sample lop1 (LOP1 ∗ s , sample x )
95 {

const double y = s−>b ∗ ( x + s−>x ) + s−>a ∗ s−>y ;
s−>x = x ;
s−>y = y ;
re turn y ;

100 }

typede f s t r u c t { double b0 , b1 , b2 , a1 , a2 , y1 , y2 ; sample x1 , x2 ; } BIQUAD;

s t a t i c i n l i n e sample biquad (BIQUAD ∗bq , sample x0 ) {
105 double b0 = bq−>b0 , b1 = bq−>b1 , b2 = bq−>b2 , a1 = bq−>a1 , a2 = bq−>a2 ;

double x1 = bq−>x1 , x2 = bq−>x2 , y1 = bq−>y1 , y2 = bq−>y2 ;
double y0 = b0 ∗ x0 + b1 ∗ x1 + b2 ∗ x2 − a1 ∗ y1 − a2 ∗ y2 ;
bq−>y2 = y1 ;
bq−>y1 = y0 ;

110 bq−>x2 = x1 ;
bq−>x1 = x0 ;
re turn y0 ;

}

115 s t a t i c BIQUAD ∗bandpass (BIQUAD ∗bq , sample hz , sample q ) {
double w0 = hz ∗ twopi / SR;
double a = fabs ( s i n (w0) / (2 ∗ q ) ) ;
double c = cos (w0) ;
double b0 = a , b1 = 0 , b2 = −a ;

120 double a0 = 1 + a , a1 = −2 ∗ c , a2 = 1 − a ;
bq−>b0 = b0 / a0 ;
bq−>b1 = b1 / a0 ;
bq−>b2 = b2 / a0 ;
bq−>a1 = a1 / a0 ;

125 bq−>a2 = a2 / a0 ;
re turn bq ;

}

typede f s t r u c t { HIP hip [ 2 ] ; LOP lop [ 3 ] ; } COMPRESS;
130

s t a t i c i n l i n e void compress ( sample out [ 2 ] , COMPRESS ∗ s , sample hiphz , sample ⤦
Ç lophz1 , sample lophz2 , sample db , const sample in [ 2 ] ) {

sample h [ 2 ] =
{ hip(&s−>hip [ 0 ] , in [ 0 ] , hiphz )
, hip(&s−>hip [ 1 ] , in [ 1 ] , hiphz )

135 } ;
h [ 0 ] ∗= h [ 0 ] ;
h [ 1 ] ∗= h [ 1 ] ;
h [ 0 ] = lop(&s−>l op [ 0 ] , h [ 0 ] , lophz1 ) ;
h [ 1 ] = lop(&s−>l op [ 1 ] , h [ 1 ] , lophz1 ) ;

140 sample env = lop(&s−>l op [ 2 ] , s q r t f ( fmax (0 , h [ 0 ] + h [ 1 ] ) ) , lophz2 ) ;
sample env0 = env ;
env = rmstodb ( env ) ;
i f ( env > db) {

env = db + ( env − db) / 4 ;
145 } e l s e {

env = db ;
}
env = ( sample ) 0 .25 ∗ dbtorms ( env ) / dbtorms ((100 − db) / 4 + db) ;
sample gain = env / env0 ;
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150 i f ( i snan ( gain ) | | i s i n f ( ga in ) ) { gain = 0 ; }
gain = clamp ( gain , 0 , ( sample ) 1 . 0 e6 ) ;
out [ 0 ] = tanhf ( in [ 0 ] ∗ gain ) ;
out [ 1 ] = tanhf ( in [ 1 ] ∗ gain ) ;

}
155

// https : // en . w ik iped ia . org /wik i / Cub ic Hermi te sp l ine#⤦
Ç I n t e r p o l a t i o n o n t h e un i t i n t e r v a l w i t h o u t e x a c t d e r i v a t i v e s

typede f s t r u c t { i n t length , wo f f s e t ; } DELAY;

160 s t a t i c void d e lw r i t e (DELAY ∗del , sample x0 ) {
f l o a t ∗ bu f f e r = ( f l o a t ∗) ( de l + 1) ;
i n t l = del−>l ength ;
l = ( l > 0) ? l : 1 ;
i n t w = del−>wo f f s e t ;

165 bu f f e r [w++] = x0 ;
i f (w >= l ) { w −= l ; }
del−>wo f f s e t = w;

}

170 s t a t i c sample de l r ead4 (DELAY ∗del , sample ms) {
f l o a t ∗ bu f f e r = ( f l o a t ∗) ( de l + 1) ;
i n t l = del−>l ength ;
l = ( l > 0) ? l : 1 ;
i n t w = del−>wo f f s e t ;

175 sample d = ms / ( sample ) 1000 ∗ SR;
i n t d1 = f l o o r (d) ;
i n t d0 = d1 − 1 ;
i n t d2 = d1 + 1 ;
i n t d3 = d1 + 2 ;

180 sample t = d − d1 ;
d0 = (0 < d0 && d0 < l ) ? d0 : 0 ;
d1 = (0 < d1 && d1 < l ) ? d1 : d0 ;
d2 = (0 < d2 && d2 < l ) ? d2 : d1 ;
d3 = (0 < d3 && d3 < l ) ? d3 : d2 ;

185 i n t r0 = w − d0 ;
i n t r1 = w − d1 ;
i n t r2 = w − d2 ;
i n t r3 = w − d3 ;
r0 = r0 < 0 ? r0 + l : r0 ;

190 r1 = r1 < 0 ? r1 + l : r1 ;
r2 = r2 < 0 ? r2 + l : r2 ;
r3 = r3 < 0 ? r3 + l : r3 ;
sample y0 = bu f f e r [ r0 ] ;
sample y1 = bu f f e r [ r1 ] ;

195 sample y2 = bu f f e r [ r2 ] ;
sample y3 = bu f f e r [ r3 ] ;
sample a0 = −t ∗ t ∗ t + 2∗ t ∗ t − t ;
sample a1 = 3∗ t ∗ t ∗ t − 5∗ t ∗ t + 2 ;
sample a2 = −3∗ t ∗ t ∗ t + 4∗ t ∗ t + t ;

200 sample a3 = t ∗ t ∗ t − t ∗ t ;
r e turn ( a0 ∗ y0 + a1 ∗ y1 + a2 ∗ y2 + a3 ∗ y3 ) / 2 ;

}

205 typede f s t r u c t {
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i n t re loaded ;
BIQUAD hp band [MAXNOTES] [ 2 ] ;
LOP1 hp rms [MAXNOTES] [ 2 ] ;
DELAY hp de l1 ; f l o a t hp de l1buf [ 1 9 2 0 0 0 ] ;

210 DELAY hp de l2 ; f l o a t hp de l2buf [ 1 9 2 0 0 0 ] ;
sample h p f i l t e r e d [MAXNOTES] [ 2 ] ;
COMPRESS hp compress ;

} S ;

215 s t a t i c S s t a t e ;

s t a t i c i n t go (S ∗ s , f l o a t ∗out ) {
sample hz1 = 1 ;
sample hz2 = hz1 / 32 ;

220

i f ( s−>r e loaded ) {
s−>hp de l1 . l ength = 192000;
s−>hp de l2 . l ength = 192000;
NOTES = (72 − 24) / 12 ∗ TET;

225 double f 1 = 1 . 0 ;
double f 2 = pow(2 , 1 . 0 / TET) ;
f l o a t Q = sq r t ( f 2 ∗ f 1 ) / ( f 2 − f 1 ) ;
f o r ( i n t note = 0 ; note < NOTES; ++note )
{

230 f o r ( i n t c = 0 ; c < 2 ; ++c )
{

bandpass(&s−>hp band [ note ] [ c ] , mtof (24 + note ∗ 12 .0 / TET) , Q) ;
l op1 (&s−>hp rms [ note ] [ c ] , hz2 ) ;

}
235 }

s−>r e loaded = 0 ;
}
{

sample band [TET ] [ 2 ] ;
240 memset (band , 0 , s i z e o f ( band ) ) ;

sample input [ 2 ] =
{ de l r ead4 (&s−>hp del1 , 1000 ./ hz1 ) + 1e−8 ∗ no i s e ( )
, de l r ead4 (&s−>hp del2 , 1000 ./ hz1 ) + 1e−8 ∗ no i s e ( )
} ;

245 f o r ( i n t note = 0 ; note < NOTES; ++note )
{

f o r ( i n t c = 0 ; c < 2 ; ++c )
{

sample b = s−>h p f i l t e r e d [ note ] [ c ] = biquad(&s−>hp band [ note ] [ c ] , input [⤦
Ç c ] ) ;

250 band [ note % TET] [ c ] += lop1(&s−>hp rms [ note ] [ c ] , b ∗ b) ;
}

}
sample ma = 0 ;
f o r ( i n t i = 0 ; i < TET; ++i )

255 {
f o r ( i n t c = 0 ; c < 2 ; ++c )
{

band [ i ] [ c ] = s q r t f ( band [ i ] [ c ] ) ;
ma = fmax (band [ i ] [ c ] , ma) ;

260 }
}
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ma /= 8 ;
f o r ( i n t i = 0 ; i < TET; ++i )
{

265 f o r ( i n t c = 0 ; c < 2 ; ++c )
{

band [ i ] [ c ] /= ma;
}

}
270 sample output [ 2 ] = { 0 , 0 } ;

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

f o r ( i n t c = 0 ; c < 2 ; ++c )
{

275 output [ c ] += tanhf ( band [ ( note + DELTA) % TET] [ c ] ∗ s−>h p f i l t e r e d [ note ] [⤦
Ç c ] ) ;

}
}
sample o [ 2 ] = { output [ 0 ] , output [ 1 ] } ;
sample a = twopi ∗ 1 . / 12 ;

280 sample co = cos ( a ) ;
sample s i = s i n ( a ) ;
output [ 0 ] = ( co ∗ o [ 0 ] − s i ∗ o [ 1 ] ) ;
output [ 1 ] = ( s i ∗ o [ 0 ] + co ∗ o [ 1 ] ) ;
compress ( output , &s−>hp compress , 5 , 10 , 25 , 48 , output ) ;

285 de lw r i t e (&s−>hp del1 , output [ 0 ] ) ;
d e lw r i t e (&s−>hp del2 , output [ 1 ] ) ;
out [ 0 ] = output [ 0 ] ;
out [ 1 ] = output [ 1 ] ;

}
290 re turn 0 ;

}

s t a t i c void audio ( void ∗userdata , Uint8 ∗ stream , i n t l en )
{

295 ( void ) userdata ;
f l o a t ∗b = ( f l o a t ∗) stream ;
i n t m = len / s i z e o f ( f l o a t ) / 2 ;
i n t k = 0 ;
f o r ( i n t i = 0 ; i < m; ++i )

300 {
f l o a t out [ 2 ] ;
go(&state , out ) ;
b [ k++] = out [ 0 ] ;
b [ k++] = out [ 1 ] ;

305 }
}

#i f d e f EMSCRIPTEN
s t a t i c void main1 ( void )

310 {
// nop

}
#end i f

315 i n t main ( i n t argc , char ∗∗ argv )
{

i f ( argc > 1)
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{
TET = ato i ( argv [ 1 ] ) ;

320 i f ( ! (1 <= TET && TET <= 128) )
{

p r i n t f (” e r r o r : %d−EDO out o f range \n” , TET) ;
re turn 1 ;

}
325 }

i f ( argc > 2)
{

DELTA = ato i ( argv [ 2 ] ) ;
DELTA %= TET;

330 DELTA += TET;
DELTA %= TET;
i f (DELTA == 0)
{

p r i n t f (” e r r o r : /%d out o f range \n” , DELTA) ;
335 re turn 1 ;

}
}
e l s e
{

340 DELTA = round ( log2 ( 1 . 5 ) ∗ TET) ;
}
srand ( time (0 ) ) ;
memset(&state , 0 , s i z e o f ( s t a t e ) ) ;
s t a t e . r e loaded = 1 ;

345 // i n i t i a l i z e SDL2 audio
SDL Init (SDL INIT AUDIO) ;
SDL AudioSpec want , have ;
want . f r e q = SR;
want . format = AUDIO F32 ;

350 want . channe l s = 2 ;
want . samples = 4096 ;
want . c a l l b a ck = audio ;
SDL AudioDeviceID dev = SDL OpenAudioDevice (NULL, 0 , &want , &have , ⤦

Ç SDL AUDIO ALLOWANY CHANGE) ;
i f ( have . f r e q > 192000 | | have . format != AUDIO F32 | | have . channe l s != 2)

355 {
p r i n t f (”want : %d %d %d %d\n” , want . f r eq , want . format , want . channels , want .⤦

Ç samples ) ;
p r i n t f (” have : %d %d %d %d\n” , have . f req , have . format , have . channels , have .⤦

Ç samples ) ;
p r i n t f (” e r r o r : bad audio parameters \n”) ;

}
360 e l s e

{
p r i n t f (”Harmonic Protoco l (AGPL3+) 2019 Claude Heiland −Allen \n”) ;
p r i n t f (”%d−EDO/%d\n” , TET, DELTA) ;
SR = have . f r e q ;

365 // s t a r t audio p ro c e s s i ng
SDL PauseAudioDevice ( dev , 0) ;

#i f d e f EMSCRIPTEN
emsc r ip t en s e t ma in l oop (main1 , 60 , 1) ;

#e l s e
370 whi le (1 ) s l e e p (1 ) ;

#end i f
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}
re turn 0 ;

}

41 harmonic-protocol/index.html
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@−o−keyframes r o t a t i on { from{−o−trans form : r o t a t e (0 ) } to{−o−trans form : r o t a t e⤦
Ç (360 deg ) }}

@keyframes r o t a t i on { from{ trans form : r o t a t e (0 ) } to { trans form : r o t a t e (360 deg ) }}
15 #prog r e s s { he ight : 20 px ; width :300 px}

</s ty l e>
</head>
<body>

<h1>Harmonic Protocol</h1>
20 <h2>Listen</h2>

<p>(web audio powered by <a h r e f=”https : // emscr ipten . org”>emscripten</a>)</p⤦
Ç >

<p>
<prog r e s s hidden=”hidden” id=”prog r e s s ” max=”100” value=”0”></progres s>
<div id=”sp inner”></div>

25 </p>
<p><input type=”button” id=”btn−audio ” value=”&#x1F507 ; Pause” on c l i c k=”⤦

Ç toggleAudio ( ) ” /></p>
<p id=”s ta tu s”>Downloading . . . </p>
<t ex ta r ea id=”output” rows=”3” c o l s=”80”></textarea>
<p id=”audiobutton”>

30 <s c r i p t>window . onhashchange = func t i on ( ) { window . l o c a t i o n . r e l oad ( ) ; };</⤦
Ç s c r i p t>

<s c r i p t>
var audioBtn = document . getElementById ( ’ btn−audio ’ ) ;

// An array o f a l l context s to resume on the page
35 const audioContexList = [ ] ;

( f unc t i on ( ) {
// A proxy ob j e c t to i n t e r c e p t AudioContexts and
// add them to the array f o r t r a ck ing and resuming l a t e r
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s e l f . AudioContext = new Proxy ( s e l f . AudioContext , {
40 cons t ruc t ( target , a rgs ) {

const r e s u l t = new ta rg e t ( . . . a rgs ) ;
audioContexList . push ( r e s u l t ) ;
i f ( r e s u l t . s t a t e == ”suspended ”) audioBtn . va lue = ”&#x1F508 ;⤦

Ç Play ” ;
re turn r e s u l t ;

45 }
}) ;

}) ( ) ;

f unc t i on toggleAudio ( ) {
50 var resumed = f a l s e ;

audioContexList . forEach ( ctx => {
i f ( ctx . s t a t e == ”suspended ”) { ctx . resume ( ) ; resumed = true ; }
e l s e i f ( ctx . s t a t e == ” running ”) ctx . suspend ( ) ;

}) ;
55

i f ( resumed ) audioBtn . va lue = ”&#x1F507 ; Pause ” ;
e l s e audioBtn . va lue = ”&#x1F508 ; Play ” ;

}
</s c r i p t>

60 <s c r i p t>
var arguments = window . l o c a t i o n . hash . subs t r (1 ) . s p l i t ( ’ / ’ ) ;
var statusElement = document . getElementById (” s t a tu s ”) ,

progressElement = document . getElementById (” p rog r e s s ”) ,
spinnerElement = document . getElementById (” sp inner ”) ,

65 Module = {
arguments : arguments ,
preRun : [ ] ,
postRun : [ ] ,
p r i n t : f unc t i on ( ) {var t=document . getElementById (” output ”) ; r e turn t&&(⤦

Ç t . va lue=””) , f unc t i on ( e ){1<arguments . l ength&&(e=Array . prototype⤦
Ç . s l i c e . c a l l ( arguments ) . j o i n (” ”) ) , c on so l e . l og ( e ) , t&&(t . va lue+=⤦
Ç e+”\n” , t . s c ro l lTop=t . s c r o l lH e i g h t ) }} ( ) ,

70 pr in tEr r : f unc t i on ( e ){1<arguments . l ength&&(e=Array . prototype . s l i c e .⤦
Ç c a l l ( arguments ) . j o i n (” ”) ) , c on so l e . e r r o r ( e ) } ,

s e tS ta tu s : f unc t i on ( e ) { i f (Module . s e tS ta tu s . l a s t | | ( Module . s e tS ta tu s .⤦
Ç l a s t={time : Date . now( ) , t ex t : ””} ) , e!==Module . s e tS ta tu s . l a s t . t ex t⤦
Ç ) {var t=e . match ( / ( [ ˆ ( ]+ ) \ ( (\d+(\ .\d+)?) \/(\d+)\) /) ,n=Date . now⤦
Ç ( ) ; t&&n−Module . s e tS ta tu s . l a s t . time <30 | | (Module . s e tS ta tu s . l a s t .⤦
Ç time=n , Module . s e tS ta tu s . l a s t . t ex t=e , t ?( e=t [ 1 ] , progressElement .⤦
Ç value=100∗ par s e In t ( t [ 2 ] ) , progressElement .max=100∗ par s e In t ( t⤦
Ç [ 4 ] ) , progressElement . hidden=!1 , spinnerElement . hidden=!1) : (⤦
Ç progressElement . va lue=nul l , progressElement .max=nul l ,⤦
Ç progressElement . hidden=!0 , e | | ( spinnerElement . s t y l e . d i sp l ay=”⤦
Ç none ”) ) , statusElement . innerHTML=e ) }} ,

t o ta lDependenc i e s : 0 ,
monitorRunDependencies : f unc t i on ( e ) { t h i s . to ta lDependenc i e s=Math .max(⤦

Ç t h i s . tota lDependenc ies , e ) ,Module . s e tS ta tu s ( e ?” Prepar ing . . . ⤦
Ç (”+( t h i s . tota lDependenc ies −e )+”/”+th i s . to ta lDependenc i e s+”) ” :”⤦
Ç Al l downloads complete . ” ) }

} ;
75 Module . s e tS ta tu s (”Downloading . . . ” ) ,window . oner ro r=func t i on ( e ) {Module .⤦

Ç s e tS ta tu s (” Exception thrown , s ee JavaScr ipt conso l e ”) , spinnerElement⤦
Ç . s t y l e . d i sp l ay=”none ” ,Module . s e tS ta tu s=func t i on ( e ) {e&&Module .⤦
Ç pr in tErr ( ” [ post −except ion s t a tu s ] ”+e ) }}
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</s c r i p t>
<s c r i p t async s r c=harmonic−pro to co l . j s></s c r i p t>
<h2>Process</h2>
<p>Stereo feedback loop 1 second long , with l e f t and r i gh t blended

80 with a r o t a t i on matrix ( ang le 2PI /12) .</p>
<p>I n s i d e the loop , compute RMS l e v e l per s tep per channel v ia
a bank o f biquad bandpass f i l t e r s over 4 octaves upwards from
MIDI note 24 , accumulated modulo #−EDO. Low pass f i l t e r f o r the RMS at
1/32 Hz.</p>

85 <p>Sca l e each i nd i v i dua l s tep by the energy o f the octave
accumulation /# st ep s away ( p ick a d i r e c t i o n ) . D i s t o r t each band
us ing tanh ( ) . Apply s t rong dynamic range compress ion to the s t e r e o
mix to normal ize peak l e v e l s to ˜1.</p>
<h2>Source</h2>

90 <p><a h r e f=”harmonic−pro to co l . c” t i t l e =”Harmonic Protoco l source code”>⤦
Ç harmonic−pro to co l . c</a></p>

<p><a h r e f=”Make f i l e ” t i t l e =”Harmonic Protoco l bu i ld system”>Makef i le</a></p⤦
Ç >

<h2>License</h2>
<p><a h r e f=”https : //www. gnu . org / l i c e n s e s / agpl −3 . 0 . en . html” t i t l e =”GNU Af fe ro⤦

Ç General Publ ic L i cense ve r s i on 3 or g r e a t e r”>AGPL3+</a></p>
<h2>Author</h2>

95 <p><a h r e f=”https : //mathr . co . uk” t i t l e =”mathr . co . uk”>mathr . co . uk</a></p>
</body>

</html>

42 harmonic-protocol/Makefile

harmonic−pro to co l : harmonic−pro to co l . c
gcc −std=c99 −Wall −Wextra −pedant ic −O3 −march=nat ive − f f a s t −math −o ⤦

Ç harmonic−pro to co l harmonic−pro to co l . c ‘ sd l2 − c on f i g −− c f l a g s −−⤦
Ç l i b s ‘ −lm

harmonic−pro to co l . html : harmonic−pro to co l . c
5 emcc −O3 −Os −o harmonic−pro to co l . html harmonic−pro to co l . c −− c l o s u r e 1 −⤦

Ç s USE SDL=2
gz ip −9 −k − f harmonic−pro to co l . j s
gz ip −9 −k − f harmonic−pro to co l .wasm

43 interstellar-interference/.gitignore

∗ . pd l inux

44 interstellar-interference/interstellar-interference2.pd

#N canvas 0 92 661 622 10 ;
#X obj 201 450 hip ˜ 5 ;
#X obj 201 477 expr ˜ tanh ( $v1 ) ;
#X obj 227 518 dac ˜ ;

5 #X obj 64 201 wo r l d l i g h t ;
#X obj 215 91 nbody 6 ;
#X msg 150 156 p o s i t i o n s ;
#X obj 202 5 bang ˜ ;
#X msg 202 54 d i s t an c e s ;

10 #X msg 59 16 c r e a t e ;
#X msg 59 43 des t roy ;
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#X obj 37 17 t g l 15 0 empty empty empty 17 7 0 10 −262144 −1 −1 1 1
;
#X obj 37 76 gemwin 50 ;

15 #X msg 119 44 l i g h t i n g 1 ;
#X obj 120 20 loadbang ;
#X obj 36 100 gemhead ;
#X obj 281 111 nb− l i n k ˜ \$0 1 2 ;
#X obj 231 416 ∗˜ 0 ;

20 #X msg 278 416 1 ;
#X msg 179 563 stop ;
#X obj 320 449 hip ˜ 5 ;
#X obj 320 476 expr ˜ tanh ( $v1 ) ;
#X obj 321 416 ∗˜ 0 ;

25 #X msg 274 440 0 ;
#X obj 143 594 w r i t e s f ˜ 2 ;
#X obj 281 231 nb− l i n k ˜ \$0 2 4 ;
#X obj 281 211 nb− l i n k ˜ \$0 2 3 ;
#X obj 281 131 nb− l i n k ˜ \$0 1 3 ;

30 #X obj 281 151 nb− l i n k ˜ \$0 1 4 ;
#X obj 281 171 nb− l i n k ˜ \$0 1 5 ;
#X obj 281 191 nb− l i n k ˜ \$0 1 6 ;
#X obj 281 251 nb− l i n k ˜ \$0 2 5 ;
#X obj 281 271 nb− l i n k ˜ \$0 2 6 ;

35 #X obj 281 291 nb− l i n k ˜ \$0 3 4 ;
#X obj 281 311 nb− l i n k ˜ \$0 3 5 ;
#X obj 281 331 nb− l i n k ˜ \$0 3 6 ;
#X obj 281 351 nb− l i n k ˜ \$0 4 5 ;
#X obj 281 371 nb− l i n k ˜ \$0 4 6 ;

40 #X obj 281 391 nb− l i n k ˜ \$0 5 6 ;
#X msg 278 56 step 5 ;
#X msg 337 86 g \$1 ;
#X obj 337 63 f 10 ;
#X f loatatom 470 236 5 0 0 0 − − −;

45 #X obj 202 28 t b b b ;
#X obj 413 183 t imer ;
#X f loatatom 414 236 5 0 0 0 − − −;
#X obj 413 208 / 1000 ;
#X msg 452 116 bang ;

50 #X obj 472 143 metro 1000 ;
#X obj 473 186 f ;
#X msg 389 17 16 ;
#X obj 57 180 t a a a b ;
#X obj 150 201 t b a a ;

55 #X obj 106 270 translateXYZ 0 0 −16;
#X obj 149 180 separa to r ;
#X obj 395 66 ∗ 1 ;
#X msg 399 39 1 ;
#X msg 433 42 0 . 9 999 ;

60 #X msg 503 41 1 . 0 001 ;
#X obj 450 −1 bng 15 250 50 0 empty empty empty 17 7 0 10 −262144 −1
−1;
#X obj 146 518 sp i go t ;
#X obj 198 523 t g l 15 0 empty empty empty 17 7 0 10 −262144 −1 −1 1

65 1 ;
#X obj 467 72 moses 16 ;
#X obj 468 93 moses 0 . 2 5 ;
#X msg 353 18 0 . 2 5 ;
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#X obj 450 20 t b b b b b ;
70 #X msg 534 7 0 \ , 1 ;

#X msg 272 14 randomize \ , p o s i t i o n s ;
#X obj 35 130 t a a ;
#X obj 89 480 sp i go t ;
#X obj 140 481 t g l 15 0 empty empty empty 17 7 0 10 −262144 −1 −1 1

75 1 ;
#X obj 37 503 sp i go t ;
#X obj 35 529 p i x wr i t e ;
#X msg 169 452 1 ;
#X msg 109 77 dimen 1280 720 ;

80 #X obj 105 225 p ix snap2tex 0 0 1280 720 ;
#X obj 106 329 r e c t ang l e 16 9 ;
#X obj 421 328 GEMglEnable GL BLEND;
#X obj 421 307 GEMglBlendFunc GL SRC ALPHA GL ONE;
#X obj 420 349 GEMglDisable GL DEPTH TEST;

85 #X obj 420 264 GEMglBlendFunc GL SRC ALPHA GL ONE MINUS SRC ALPHA;
#X obj 421 283 GEMglEnable GL DEPTH TEST;
#X obj 56 443 nb−body˜ \$0 6 6 ;
#X obj 56 403 nb−body˜ \$0 6 4 ;
#X obj 56 343 nb−body˜ \$0 6 1 ;

90 #X obj 56 423 nb−body˜ \$0 6 5 ;
#X obj 56 363 nb−body˜ \$0 6 2 ;
#X obj 56 383 nb−body˜ \$0 6 3 ;
#X obj 107 290 rotateXYZ 0 0 0 . 2 ;
#X obj 105 248 colorRGB 0.99 0 .99 0 .99 1 ;

95 #X obj 57 157 s c a l e 0 . 2 5 ;
#X obj 107 311 s c a l e 3 . 6 ;
#X msg 337 573 auto 1 \ , f i l e o/ i 0 ;
#X msg 104 542 open o/a . wav \ , s t a r t ;
#X msg 105 503 0 ;

100 #X connect 0 0 1 0 ;
#X connect 1 0 2 0 ;
#X connect 1 0 23 0 ;
#X connect 4 0 83 2 ;
#X connect 4 1 15 2 ;

105 #X connect 5 0 4 0 ;
#X connect 6 0 42 0 ;
#X connect 7 0 4 0 ;
#X connect 8 0 11 0 ;
#X connect 9 0 11 0 ;

110 #X connect 10 0 11 0 ;
#X connect 12 0 11 0 ;
#X connect 13 0 12 0 ;
#X connect 13 0 73 0 ;
#X connect 14 0 67 0 ;

115 #X connect 15 0 26 0 ;
#X connect 15 1 26 1 ;
#X connect 15 2 26 2 ;
#X connect 16 0 0 0 ;
#X connect 17 0 16 1 ;

120 #X connect 17 0 21 1 ;
#X connect 18 0 23 0 ;
#X connect 19 0 20 0 ;
#X connect 20 0 2 1 ;
#X connect 20 0 23 1 ;

125 #X connect 21 0 19 0 ;
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#X connect 22 0 16 1 ;
#X connect 22 0 21 1 ;
#X connect 24 0 30 0 ;
#X connect 24 1 30 1 ;

130 #X connect 24 2 30 2 ;
#X connect 25 0 24 0 ;
#X connect 25 1 24 1 ;
#X connect 25 2 24 2 ;
#X connect 26 0 27 0 ;

135 #X connect 26 1 27 1 ;
#X connect 26 2 27 2 ;
#X connect 27 0 28 0 ;
#X connect 27 1 28 1 ;
#X connect 27 2 28 2 ;

140 #X connect 28 0 29 0 ;
#X connect 28 1 29 1 ;
#X connect 28 2 29 2 ;
#X connect 29 0 25 0 ;
#X connect 29 1 25 1 ;

145 #X connect 29 2 25 2 ;
#X connect 30 0 31 0 ;
#X connect 30 1 31 1 ;
#X connect 30 2 31 2 ;
#X connect 31 0 32 0 ;

150 #X connect 31 1 32 1 ;
#X connect 31 2 32 2 ;
#X connect 32 0 33 0 ;
#X connect 32 1 33 1 ;
#X connect 32 2 33 2 ;

155 #X connect 33 0 34 0 ;
#X connect 33 1 34 1 ;
#X connect 33 2 34 2 ;
#X connect 34 0 35 0 ;
#X connect 34 1 35 1 ;

160 #X connect 34 2 35 2 ;
#X connect 35 0 36 0 ;
#X connect 35 1 36 1 ;
#X connect 35 2 36 2 ;
#X connect 36 0 37 0 ;

165 #X connect 36 1 37 1 ;
#X connect 36 2 37 2 ;
#X connect 37 0 16 0 ;
#X connect 37 1 21 0 ;
#X connect 38 0 4 0 ;

170 #X connect 39 0 4 0 ;
#X connect 40 0 39 0 ;
#X connect 40 0 48 1 ;
#X connect 40 0 54 0 ;
#X connect 42 0 7 0 ;

175 #X connect 42 1 38 0 ;
#X connect 42 2 40 0 ;
#X connect 43 0 45 0 ;
#X connect 45 0 44 0 ;
#X connect 46 0 43 0 ;

180 #X connect 46 0 47 0 ;
#X connect 47 0 43 1 ;
#X connect 47 0 48 0 ;
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#X connect 48 0 41 0 ;
#X connect 49 0 40 1 ;

185 #X connect 50 0 77 0 ;
#X connect 50 1 3 0 ;
#X connect 50 2 53 0 ;
#X connect 50 3 5 0 ;
#X connect 51 0 74 0 ;

190 #X connect 51 1 74 0 ;
#X connect 51 2 79 0 ;
#X connect 52 0 87 0 ;
#X connect 53 0 51 0 ;
#X connect 54 0 40 1 ;

195 #X connect 54 0 61 0 ;
#X connect 55 0 54 1 ;
#X connect 56 0 54 1 ;
#X connect 57 0 54 1 ;
#X connect 58 0 64 0 ;

200 #X connect 59 0 92 0 ;
#X connect 60 0 59 1 ;
#X connect 61 0 62 0 ;
#X connect 61 1 56 0 ;
#X connect 63 0 40 1 ;

205 #X connect 64 0 46 0 ;
#X connect 64 0 59 0 ;
#X connect 64 0 72 0 ;
#X connect 64 0 17 0 ;
#X connect 64 1 57 0 ;

210 #X connect 64 2 63 0 ;
#X connect 64 3 66 0 ;
#X connect 64 4 65 0 ;
#X connect 65 0 11 0 ;
#X connect 66 0 4 0 ;

215 #X connect 67 0 70 0 ;
#X connect 67 1 89 0 ;
#X connect 68 0 70 1 ;
#X connect 69 0 68 1 ;
#X connect 70 0 71 0 ;

220 #X connect 72 0 68 0 ;
#X connect 73 0 11 0 ;
#X connect 74 0 88 0 ;
#X connect 76 0 78 0 ;
#X connect 77 0 76 0 ;

225 #X connect 78 0 83 0 ;
#X connect 79 0 80 0 ;
#X connect 80 0 83 1 ;
#X connect 82 0 84 0 ;
#X connect 82 1 84 1 ;

230 #X connect 82 2 84 2 ;
#X connect 83 0 85 0 ;
#X connect 83 1 85 1 ;
#X connect 83 2 85 2 ;
#X connect 84 0 81 0 ;

235 #X connect 84 1 81 1 ;
#X connect 84 2 81 2 ;
#X connect 85 0 86 0 ;
#X connect 85 1 86 1 ;
#X connect 85 2 86 2 ;
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240 #X connect 86 0 82 0 ;
#X connect 86 1 82 1 ;
#X connect 86 2 82 2 ;
#X connect 87 0 90 0 ;
#X connect 88 0 52 0 ;

245 #X connect 89 0 50 0 ;
#X connect 90 0 75 0 ;
#X connect 91 0 71 0 ;
#X connect 92 0 23 0 ;
#X connect 93 0 70 1 ;

250 #X connect 93 0 18 0 ;

45 interstellar-interference/interstellar-interference.pd

#N canvas −87 92 661 622 10 ;
#X obj 201 450 hip ˜ 5 ;
#X obj 201 477 expr ˜ tanh ( $v1 ) ;
#X obj 227 518 dac ˜ ;

5 #X obj 64 201 wo r l d l i g h t ;
#X obj 215 91 nbody 6 ;
#X msg 150 156 p o s i t i o n s ;
#X obj 202 5 bang ˜ ;
#X msg 202 54 d i s t an c e s ;

10 #X msg 59 16 c r e a t e ;
#X msg 59 43 des t roy ;
#X obj 37 17 t g l 15 0 empty empty empty 17 7 0 10 −262144 −1 −1 0 1
;
#X obj 37 76 gemwin 50 ;

15 #X msg 119 44 l i g h t i n g 1 ;
#X obj 120 20 loadbang ;
#X obj 36 100 gemhead ;
#X obj 281 111 nb− l i n k ˜ \$0 1 2 ;
#X obj 231 416 ∗˜ 0 ;

20 #X msg 278 416 1 ;
#X msg 179 563 stop ;
#X obj 320 449 hip ˜ 5 ;
#X obj 320 476 expr ˜ tanh ( $v1 ) ;
#X obj 321 416 ∗˜ 0 ;

25 #X msg 274 440 0 ;
#X obj 143 594 w r i t e s f ˜ 2 ;
#X obj 281 231 nb− l i n k ˜ \$0 2 4 ;
#X obj 281 211 nb− l i n k ˜ \$0 2 3 ;
#X obj 281 131 nb− l i n k ˜ \$0 1 3 ;

30 #X obj 281 151 nb− l i n k ˜ \$0 1 4 ;
#X obj 281 171 nb− l i n k ˜ \$0 1 5 ;
#X obj 281 191 nb− l i n k ˜ \$0 1 6 ;
#X obj 281 251 nb− l i n k ˜ \$0 2 5 ;
#X obj 281 271 nb− l i n k ˜ \$0 2 6 ;

35 #X obj 281 291 nb− l i n k ˜ \$0 3 4 ;
#X obj 281 311 nb− l i n k ˜ \$0 3 5 ;
#X obj 281 331 nb− l i n k ˜ \$0 3 6 ;
#X obj 281 351 nb− l i n k ˜ \$0 4 5 ;
#X obj 281 371 nb− l i n k ˜ \$0 4 6 ;

40 #X obj 281 391 nb− l i n k ˜ \$0 5 6 ;
#X msg 278 56 step 5 ;
#X msg 337 86 g \$1 ;
#X obj 337 63 f 10 ;
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#X floatatom 470 236 5 0 0 0 − − −;
45 #X obj 202 28 t b b b ;

#X obj 413 183 t imer ;
#X f loatatom 414 236 5 0 0 0 − − −;
#X obj 413 208 / 1000 ;
#X msg 452 116 bang ;

50 #X obj 472 143 metro 1000 ;
#X obj 473 186 f ;
#X obj 57 157 s c a l e 0 . 1 2 5 ;
#X msg 389 17 16 ;
#X obj 57 180 t a a a b ;

55 #X obj 150 201 t b a a ;
#X obj 105 248 colorRGB 1 1 1 1 ;
#X obj 106 270 translateXYZ 0 0 −16;
#X obj 149 180 separa to r ;
#X obj 395 66 ∗ 1 ;

60 #X obj 56 343 nb−body˜ \$0 6 1 ;
#X obj 107 290 rotateXYZ 0 0 0 . 3 ;
#X msg 399 39 1 ;
#X obj 56 363 nb−body˜ \$0 6 2 ;
#X obj 56 423 nb−body˜ \$0 6 5 ;

65 #X obj 56 443 nb−body˜ \$0 6 6 ;
#X obj 56 383 nb−body˜ \$0 6 3 ;
#X obj 56 403 nb−body˜ \$0 6 4 ;
#X msg 433 42 0 . 9 999 ;
#X msg 503 41 1 . 0 001 ;

70 #X obj 450 −1 bng 15 250 50 0 empty empty empty 17 7 0 10 −262144 −1
−1;
#X obj 146 518 sp i go t ;
#X obj 198 523 t g l 15 0 empty empty empty 17 7 0 10 −262144 −1 −1 1
1 ;

75 #X obj 467 72 moses 16 ;
#X obj 468 93 moses 0 . 2 5 ;
#X msg 353 18 0 . 2 5 ;
#X msg 108 543 open /data/tmp/ i − i . wav \ , s t a r t ;
#X obj 105 225 p ix snap2tex 0 0 788 576 ;

80 #X msg 109 77 dimen 788 576 ;
#X obj 106 320 r e c t ang l e 67 49 ;
#X obj 450 20 t b b b b b ;
#X msg 534 7 0 \ , 1 ;
#X msg 272 14 randomize \ , p o s i t i o n s ;

85 #X obj 35 130 t a a ;
#X obj 89 480 sp i go t ;
#X obj 140 481 t g l 15 0 empty empty empty 17 7 0 10 −262144 −1 −1 1
1 ;
#X obj 37 503 sp i go t ;

90 #X obj 35 529 p i x wr i t e ;
#X msg 337 573 auto 1 \ , f i l e /data/tmp/ i − i / i 0 ;
#X msg 169 452 1 ;
#X connect 0 0 1 0 ;
#X connect 1 0 2 0 ;

95 #X connect 1 0 23 0 ;
#X connect 4 0 57 2 ;
#X connect 4 1 15 2 ;
#X connect 5 0 4 0 ;
#X connect 6 0 42 0 ;

100 #X connect 7 0 4 0 ;
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#X connect 8 0 11 0 ;
#X connect 9 0 11 0 ;
#X connect 10 0 11 0 ;
#X connect 12 0 11 0 ;

105 #X connect 13 0 12 0 ;
#X connect 13 0 75 0 ;
#X connect 14 0 80 0 ;
#X connect 15 0 26 0 ;
#X connect 15 1 26 1 ;

110 #X connect 15 2 26 2 ;
#X connect 16 0 0 0 ;
#X connect 17 0 16 1 ;
#X connect 17 0 21 1 ;
#X connect 18 0 23 0 ;

115 #X connect 19 0 20 0 ;
#X connect 20 0 2 1 ;
#X connect 20 0 23 1 ;
#X connect 21 0 19 0 ;
#X connect 22 0 16 1 ;

120 #X connect 22 0 21 1 ;
#X connect 24 0 30 0 ;
#X connect 24 1 30 1 ;
#X connect 24 2 30 2 ;
#X connect 25 0 24 0 ;

125 #X connect 25 1 24 1 ;
#X connect 25 2 24 2 ;
#X connect 26 0 27 0 ;
#X connect 26 1 27 1 ;
#X connect 26 2 27 2 ;

130 #X connect 27 0 28 0 ;
#X connect 27 1 28 1 ;
#X connect 27 2 28 2 ;
#X connect 28 0 29 0 ;
#X connect 28 1 29 1 ;

135 #X connect 28 2 29 2 ;
#X connect 29 0 25 0 ;
#X connect 29 1 25 1 ;
#X connect 29 2 25 2 ;
#X connect 30 0 31 0 ;

140 #X connect 30 1 31 1 ;
#X connect 30 2 31 2 ;
#X connect 31 0 32 0 ;
#X connect 31 1 32 1 ;
#X connect 31 2 32 2 ;

145 #X connect 32 0 33 0 ;
#X connect 32 1 33 1 ;
#X connect 32 2 33 2 ;
#X connect 33 0 34 0 ;
#X connect 33 1 34 1 ;

150 #X connect 33 2 34 2 ;
#X connect 34 0 35 0 ;
#X connect 34 1 35 1 ;
#X connect 34 2 35 2 ;
#X connect 35 0 36 0 ;

155 #X connect 35 1 36 1 ;
#X connect 35 2 36 2 ;
#X connect 36 0 37 0 ;
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#X connect 36 1 37 1 ;
#X connect 36 2 37 2 ;

160 #X connect 37 0 16 0 ;
#X connect 37 1 21 0 ;
#X connect 38 0 4 0 ;
#X connect 39 0 4 0 ;
#X connect 40 0 39 0 ;

165 #X connect 40 0 48 1 ;
#X connect 40 0 56 0 ;
#X connect 42 0 7 0 ;
#X connect 42 1 38 0 ;
#X connect 42 2 40 0 ;

170 #X connect 43 0 45 0 ;
#X connect 45 0 44 0 ;
#X connect 46 0 43 0 ;
#X connect 46 0 47 0 ;
#X connect 47 0 43 1 ;

175 #X connect 47 0 48 0 ;
#X connect 48 0 41 0 ;
#X connect 49 0 51 0 ;
#X connect 50 0 40 1 ;
#X connect 51 0 57 0 ;

180 #X connect 51 1 3 0 ;
#X connect 51 2 55 0 ;
#X connect 51 3 5 0 ;
#X connect 52 0 74 0 ;
#X connect 52 1 74 0 ;

185 #X connect 52 2 57 1 ;
#X connect 53 0 54 0 ;
#X connect 54 0 58 0 ;
#X connect 55 0 52 0 ;
#X connect 56 0 40 1 ;

190 #X connect 56 0 70 0 ;
#X connect 57 0 60 0 ;
#X connect 57 1 60 1 ;
#X connect 57 2 60 2 ;
#X connect 58 0 76 0 ;

195 #X connect 59 0 56 1 ;
#X connect 60 0 63 0 ;
#X connect 60 1 63 1 ;
#X connect 60 2 63 2 ;
#X connect 61 0 62 0 ;

200 #X connect 61 1 62 1 ;
#X connect 61 2 62 2 ;
#X connect 63 0 64 0 ;
#X connect 63 1 64 1 ;
#X connect 63 2 64 2 ;

205 #X connect 64 0 61 0 ;
#X connect 64 1 61 1 ;
#X connect 64 2 61 2 ;
#X connect 65 0 56 1 ;
#X connect 66 0 56 1 ;

210 #X connect 67 0 77 0 ;
#X connect 68 0 73 0 ;
#X connect 69 0 68 1 ;
#X connect 70 0 71 0 ;
#X connect 70 1 65 0 ;
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215 #X connect 72 0 40 1 ;
#X connect 73 0 23 0 ;
#X connect 74 0 53 0 ;
#X connect 75 0 11 0 ;
#X connect 77 0 46 0 ;

220 #X connect 77 0 68 0 ;
#X connect 77 0 86 0 ;
#X connect 77 0 17 0 ;
#X connect 77 1 66 0 ;
#X connect 77 2 72 0 ;

225 #X connect 77 3 79 0 ;
#X connect 77 4 78 0 ;
#X connect 78 0 11 0 ;
#X connect 79 0 4 0 ;
#X connect 80 0 83 0 ;

230 #X connect 80 1 49 0 ;
#X connect 81 0 83 1 ;
#X connect 82 0 81 1 ;
#X connect 83 0 84 0 ;
#X connect 85 0 84 0 ;

235 #X connect 86 0 81 0 ;

46 interstellar-interference/Makefile

nbody . pd l inux : nbody . c
gcc −O3 −std=c99 −Wall −pedant ic −shared −s −o nbody . pd l inux nbody . c −⤦

Ç lm − I$ (HOME)/opt/ inc lude −fPIC

47 interstellar-interference/nb-body˜.pd

#N canvas 0 0 556 397 10 ;
#X obj 22 18 i n l e t ;
#X obj 28 265 ou t l e t ;
#X obj 23 47 t a a ;

5 #X obj 70 46 separa to r ;
#X obj 287 17 loadbang ;
#X obj 236 18 i n l e t ;
#X obj 70 104 t r a n s l a t e ;
#X obj 70 158 c o l o r ;

10 #X msg 178 203 20 ;
#X msg 177 103 1 ;
#X obj 174 170 hsv2rgb ;
#X obj 175 148 pack f 1 1 ;
#X obj 175 128 / \$2 ;

15 #X obj 130 73 route \$3 ;
#X obj 287 40 f \$3 ;
#X obj 233 284 ou t l e t ;
#X obj 235 41 t a a ;
#X obj 248 179 phasor ˜ ;

20 #X obj 249 208 −˜ 0 . 5 ;
#X obj 251 233 ∗˜ 2 ;
#X obj 249 258 s ˜ \$1−source − l −\$3 ;
#X obj 378 179 phasor ˜ ;
#X obj 379 208 −˜ 0 . 5 ;

25 #X obj 381 233 ∗˜ 2 ;
#X obj 379 258 s ˜ \$1−source −r−\$3 ;
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#X obj 403 38 loadbang ;
#X obj 402 67 f \$3 ;
#X obj 403 123 / \$2 ;

30 #X obj 356 127 ∗ −1;
#X obj 402 97 − 3 . 5 ;
#X obj 403 147 ∗ 1 ;
#X obj 287 71 ∗ 60 ;
#X obj 287 92 + 360 ;

35 #X obj 135 311 curve 2 ;
#X obj 150 261 l i s t ;
#X obj 175 230 t a b a ;
#X obj 126 21 i n l e t ;
#X obj 103 259 t a a ;

40 #X obj 98 331 ou t l e t ;
#X obj 136 288 c o l o r ;
#X msg 198 311 width 2 ;
#X obj 107 151 hsv2rgb ;
#X msg 107 172 \$1 \$2 \$3 0 . 5 ;

45 #X msg 167 189 \$1 \$2 \$3 1 ;
#X obj 70 202 sphere 0 . 5 ;
#X obj 70 221 sphere 1 ;
#X obj 69 240 sphere 2 ;
#X obj 80 131 pack f 1 0 . 2 5 ;

50 #X connect 0 0 2 0 ;
#X connect 2 0 1 0 ;
#X connect 2 1 3 0 ;
#X connect 3 0 6 0 ;
#X connect 4 0 9 0 ;

55 #X connect 4 0 8 0 ;
#X connect 4 0 14 0 ;
#X connect 4 0 40 0 ;
#X connect 5 0 16 0 ;
#X connect 6 0 7 0 ;

60 #X connect 7 0 44 0 ;
#X connect 8 0 44 2 ;
#X connect 8 0 45 2 ;
#X connect 8 0 46 2 ;
#X connect 9 0 6 1 ;

65 #X connect 10 0 43 0 ;
#X connect 11 0 10 0 ;
#X connect 12 0 11 0 ;
#X connect 12 0 47 0 ;
#X connect 13 0 6 2 ;

70 #X connect 13 0 35 0 ;
#X connect 14 0 12 0 ;
#X connect 14 0 31 0 ;
#X connect 16 0 15 0 ;
#X connect 16 1 13 0 ;

75 #X connect 17 0 18 0 ;
#X connect 18 0 19 0 ;
#X connect 19 0 20 0 ;
#X connect 21 0 22 0 ;
#X connect 22 0 23 0 ;

80 #X connect 23 0 24 0 ;
#X connect 25 0 26 0 ;
#X connect 26 0 29 0 ;
#X connect 27 0 30 0 ;
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#X connect 28 0 17 1 ;
85 #X connect 29 0 27 0 ;

#X connect 30 0 21 1 ;
#X connect 30 0 28 0 ;
#X connect 31 0 32 0 ;
#X connect 32 0 17 0 ;

90 #X connect 32 0 21 0 ;
#X connect 34 0 33 1 ;
#X connect 35 0 34 1 ;
#X connect 35 1 34 0 ;
#X connect 35 2 33 2 ;

95 #X connect 36 0 37 0 ;
#X connect 37 0 38 0 ;
#X connect 37 1 39 0 ;
#X connect 39 0 33 0 ;
#X connect 40 0 33 0 ;

100 #X connect 41 0 42 0 ;
#X connect 42 0 7 1 ;
#X connect 43 0 39 1 ;
#X connect 44 0 45 0 ;
#X connect 45 0 46 0 ;

105 #X connect 47 0 41 0 ;

48 interstellar-interference/nb-link˜.pd

#N canvas 0 0 653 394 10 ;
#X obj 15 14 i n l e t ˜ ;
#X obj 16 267 ou t l e t ˜ ;
#X obj 459 100 route \$2 ;

5 #X obj 458 126 route \$3 ;
#X obj 439 37 i n l e t ;
#X obj 436 278 ou t l e t ;
#X obj 368 164 swap 100 ;
#X obj 369 185 −;

10 #X obj 368 207 dbtorms ;
#X obj 368 117 log ;
#X obj 370 96 + 1 ;
#X obj 30 197 ∗˜ ;
#X obj 367 253 v l i n e ˜ ;

15 #X obj 368 230 pack f f ;
#X obj 472 192 t imer ;
#X obj 439 64 t a a ;
#X obj 459 152 t a b b ;
#X obj 29 87 samphold ˜ ;

20 #X obj 53 156 samphold ˜ ;
#X obj 107 108 ∗˜ 16 ;
#X obj 110 130 wrap ˜ ;
#X obj 103 63 ∗˜ 16 ;
#X obj 106 85 wrap ˜ ;

25 #X obj 28 176 ∗˜ ;
#X obj 90 13 r ˜ \$1−source − l −\$3 ;
#X obj 28 40 r ˜ \$1−source − l −\$2 ;
#X obj 155 34 i n l e t ˜ ;
#X obj 156 287 ou t l e t ˜ ;

30 #X obj 170 217 ∗˜ ;
#X obj 169 107 samphold ˜ ;
#X obj 193 176 samphold ˜ ;
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#X obj 247 128 ∗˜ 16 ;
#X obj 250 150 wrap ˜ ;

35 #X obj 243 83 ∗˜ 16 ;
#X obj 246 105 wrap ˜ ;
#X obj 168 196 ∗˜ ;
#X obj 168 60 r ˜ \$1−source −r−\$2 ;
#X obj 230 33 r ˜ \$1−source −r−\$3 ;

40 #X obj 369 142 ∗ 25 ;
#X connect 0 0 1 0 ;
#X connect 2 0 3 0 ;
#X connect 3 0 16 0 ;
#X connect 4 0 15 0 ;

45 #X connect 6 0 7 0 ;
#X connect 6 1 7 1 ;
#X connect 7 0 8 0 ;
#X connect 8 0 13 0 ;
#X connect 9 0 38 0 ;

50 #X connect 10 0 9 0 ;
#X connect 11 0 1 0 ;
#X connect 12 0 11 1 ;
#X connect 12 0 28 1 ;
#X connect 13 0 12 0 ;

55 #X connect 14 0 13 1 ;
#X connect 15 0 5 0 ;
#X connect 15 1 2 0 ;
#X connect 16 0 10 0 ;
#X connect 16 1 14 0 ;

60 #X connect 16 2 14 1 ;
#X connect 17 0 23 0 ;
#X connect 18 0 23 1 ;
#X connect 19 0 20 0 ;
#X connect 20 0 18 1 ;

65 #X connect 21 0 22 0 ;
#X connect 22 0 17 1 ;
#X connect 23 0 11 0 ;
#X connect 24 0 18 0 ;
#X connect 24 0 21 0 ;

70 #X connect 25 0 17 0 ;
#X connect 25 0 19 0 ;
#X connect 26 0 27 0 ;
#X connect 28 0 27 0 ;
#X connect 29 0 35 0 ;

75 #X connect 30 0 35 1 ;
#X connect 31 0 32 0 ;
#X connect 32 0 30 1 ;
#X connect 33 0 34 0 ;
#X connect 34 0 29 1 ;

80 #X connect 35 0 28 0 ;
#X connect 36 0 29 0 ;
#X connect 36 0 31 0 ;
#X connect 37 0 30 0 ;
#X connect 37 0 33 0 ;

85 #X connect 38 0 6 0 ;

49 interstellar-interference/nbody.c

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

#inc lude <m pd . h>
5

t c l a s s ∗ nbody c la s s ;

s t r u c t vec3 {
double x ;

10 double y ;
double z ;

} ;

s t r u c t body {
15 double m;

s t r u c t vec3 p ;
s t r u c t vec3 v ;
s t r u c t vec3 a ;

} ;
20

s t r u c t nbody {
t o b j e c t pd ;
t o u t l e t ∗o1 ;
t o u t l e t ∗o2 ;

25 unsigned i n t n ;
double g ;
double h ;
s t r u c t body ∗bs ;

} ;
30

void nbody g ( s t r u c t nbody ∗ s e l f , t f l o a t g ) {
s e l f −>g = g ;

}

35 void nbody step ( s t r u c t nbody ∗ s e l f , t f l o a t s f ) {
i n t s = f l o o r ( s f ) ;
i f ( s < 1) s = 1 ;
f o r ( i n t k = 0 ; k < s ; ++k) {

f o r ( i n t i = 0 ; i < s e l f −>n ; ++i ) {
40 s t r u c t vec3 ∗ pi = &s e l f −>bs [ i ] . p ;

s t r u c t vec3 f = { 0 , 0 , 0 } ;
f o r ( i n t j = 0 ; j < s e l f −>n ; ++j ) {

i f ( i != j ) {
s t r u c t vec3 ∗pj = &s e l f −>bs [ j ] . p ;

45 s t r u c t vec3 d = { pj−>x − pi−>x , pj−>y − pi−>y , pj−>z − pi−>z } ;
double d2 = d . x ∗ d . x + d . y ∗ d . y + d . z ∗ d . z ;
double k = s e l f −>g ∗ s e l f −>bs [ j ] .m / d2 ;
f . x += k ∗ d . x ; f . y += k ∗ d . y ; f . z += k ∗ d . z ;

}
50 }

s e l f −>bs [ i ] . a . x = f . x ; s e l f −>bs [ i ] . a . y = f . y ; s e l f −>bs [ i ] . a . z = f . z ;
}
double h = s e l f −>h ;
f o r ( i n t i = 0 ; i < s e l f −>n ; ++i ) {

55 s t r u c t body ∗b = &s e l f −>bs [ i ] ;
b−>v . x += b−>a . x ∗ h ; b−>v . y += b−>a . y ∗ h ; b−>v . z += b−>a . z ∗ h ;
b−>p . x += b−>v . x ∗ h ; b−>p . y += b−>v . y ∗ h ; b−>p . z += b−>v . z ∗ h ;

}
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}
60 }

void nbody randomize ( s t r u c t nbody ∗ s e l f ) {
double m = 0 ;
s t r u c t vec3 c = { 0 , 0 , 0 } ;

65 f o r ( i n t i = 0 ; i < s e l f −>n ; ++i ) {
s t r u c t body ∗b = &s e l f −>bs [ i ] ;
b−>m = 1 ;
b−>p . x = 20 .0 ∗ ( ( double ) rand ( ) / ( double ) RANDMAX − 0 . 5 ) ;
b−>p . y = 20 .0 ∗ ( ( double ) rand ( ) / ( double ) RANDMAX − 0 . 5 ) ;

70 b−>p . z = 20 .0 ∗ ( ( double ) rand ( ) / ( double ) RANDMAX − 0 . 5 ) ;
b−>v . x = 0 ; b−>v . y = 0 ; b−>v . z = 0 ;
b−>a . x = 0 ; b−>a . y = 0 ; b−>a . z = 0 ;
m += b−>m;
c . x += b−>m ∗ b−>p . x ; c . y += b−>m ∗ b−>p . y ; c . z += b−>m ∗ b−>p . z ;

75 }
c . x /= m; c . y /= m; c . z /= m;
f o r ( i n t i = 0 ; i < s e l f −>n ; ++i ) {

s t r u c t body ∗b = &s e l f −>bs [ i ] ;
b−>p . x −= c . x ; b−>p . y −= c . y ; b−>p . z −= c . z ;

80 }
}

void nbody pos i t i ons ( s t r u c t nbody ∗ s e l f ) {
t atom atoms [ 4 ] ;

85 f o r ( i n t i = 0 ; i < s e l f −>n ; ++i ) {
s t r u c t vec3 ∗p = &s e l f −>bs [ i ] . p ;
SETFLOAT(&atoms [ 0 ] , i +1) ;
SETFLOAT(&atoms [ 1 ] , p−>x ) ;
SETFLOAT(&atoms [ 2 ] , p−>y ) ;

90 SETFLOAT(&atoms [ 3 ] , p−>z ) ;
o u t l e t l i s t ( s e l f −>o1 , &s l i s t , 4 , atoms ) ;

}
}

95 void nbody d i s tances ( s t r u c t nbody ∗ s e l f ) {
t atom atoms [ 3 ] ;
f o r ( i n t i = 0 ; i < s e l f −>n ; ++i ) {

s t r u c t vec3 ∗ pi = &s e l f −>bs [ i ] . p ;
f o r ( i n t j = 0 ; j < s e l f −>n ; ++j ) {

100 i f ( i < j ) {
s t r u c t vec3 ∗pj = &s e l f −>bs [ j ] . p ;
s t r u c t vec3 d = { pj−>x − pi−>x , pj−>y − pi−>y , pj−>z − pi−>z } ;
SETFLOAT(&atoms [ 0 ] , i +1) ;
SETFLOAT(&atoms [ 1 ] , j +1) ;

105 SETFLOAT(&atoms [ 2 ] , s q r t (d . x ∗ d . x + d . y ∗ d . y + d . z ∗ d . z ) ) ;
o u t l e t l i s t ( s e l f −>o2 , &s l i s t , 3 , atoms ) ;

}
}

}
110 }

s t r u c t nbody ∗nbody new ( t f l o a t a r g n) {
s t r u c t nbody ∗ s e l f = pd new ( nbody c la s s ) ;
s e l f −>o1 = out l e t new(& s e l f −>pd , &s l i s t ) ;

115 s e l f −>o2 = out l e t new(& s e l f −>pd , &s l i s t ) ;
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s e l f −>n = f l o o r (n) ;
i f ( s e l f −>n < 1) s e l f −>n = 1 ;
s e l f −>g = 1 ;
s e l f −>h = 0 . 0 0 1 ;

120 s e l f −>bs = mal loc ( s e l f −>n ∗ s i z e o f ( s t r u c t body ) ) ;
nbody randomize ( s e l f ) ;
r e turn s e l f ;

}

125 void nbody f ree ( s t r u c t nbody ∗ s e l f ) {
i f ( s e l f && s e l f −>bs ) {

f r e e ( s e l f −>bs ) ;
}

}
130

extern void nbody setup ( ) {
nbody c la s s = c la s s new ( gensym(”nbody”) , nbody new , nbody free , s i z e o f ( s t r u c t ⤦

Ç nbody ) , 0 , A DEFFLOAT, 0) ;
i f ( ! nbody c la s s ) re turn ;
c lass addmethod ( nbody c lass , nbody distances , gensym(” d i s t an c e s ”) , 0) ;

135 c lass addmethod ( nbody c lass , nbody pos i t ions , gensym(” p o s i t i o n s ”) , 0) ;
c lass addmethod ( nbody c lass , nbody randomize , gensym(” randomize ”) , 0) ;
c lass addmethod ( nbody c lass , nbody step , gensym(” step ”) , A FLOAT, 0) ;
c lass addmethod ( nbody c lass , nbody g , gensym(” g ”) , A FLOAT, 0) ;

}

50 meshwalk/.gitignore

meshwalk −1.0
meshwalk −2.0
meshwalk −3.0
meshwalk −3.1

5 meshwalk −3.2
∗ . aux
∗ . l og
∗ . pdf
∗ . out

10 ∗ .ppm
∗ .mov
∗ .mp4

51 meshwalk/Makefile

a l l : meshwalk −1.0 meshwalk −2.0 meshwalk −3.0 meshwalk −3.1 meshwalk −3.2

c l ean :
−rm meshwalk −1.0 meshwalk −2.0 meshwalk −3.0 meshwalk −3.1 meshwalk −3.2

5

.PHONY: a l l c l ean

meshwalk −1 . 0 : meshwalk −1 . 0 . c
gcc −std=c99 −Wall −Wextra −pedant ic −O3 −march=nat ive \

10 −o meshwalk −1.0 meshwalk −1 . 0 . c −lGLEW −lGL − l g l fw −lm

meshwalk −2 . 0 : meshwalk −2 . 0 . c
gcc −std=c99 −Wall −Wextra −pedant ic −Ofast − f f a s t −math −march=nat ive \
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−o meshwalk −2.0 meshwalk −2 . 0 . c \
15 − l j a c k − l s n d f i l e −lGLEW −lGL − l g l fw −lm

meshwalk −3 . 0 : meshwalk −3 . 0 . c
gcc −std=c99 −Wall −Wextra −pedant ic \

−Ofast − f f a s t −math −march=nat ive −fopenmp \
20 −o meshwalk −3.0 meshwalk −3 . 0 . c \

− l j a c k − l s n d f i l e −lGLEW −lGL − l g l fw −lm

meshwalk −3 . 1 : meshwalk −3 . 1 . c
gcc −std=c99 −Wall −Wextra −pedant ic \

25 −Ofast − f f a s t −math −march=nat ive −fopenmp \
−o meshwalk −3.1 meshwalk −3 . 1 . c \
− l j a c k − l s n d f i l e −lGLEW −lGL − l g l fw −lm

meshwalk −3 . 2 : meshwalk −3 . 2 . c
30 gcc −std=c99 −Wall −Wextra −pedant ic \

−Ofast − f f a s t −math −march=nat ive −fopenmp \
−o meshwalk −3.2 meshwalk −3 . 2 . c \
− l j a c k − l s n d f i l e −lGLEW −lGL − l g l fw −lm

52 meshwalk/meshwalk-1.0.c

/∗
gcc −std=c99 −Wall −Wextra −pedant ic −O3 −march=nat ive \

−o meshwalk −1.0 meshwalk −1 . 0 . c −lGLEW −lGL − l g l fw −lm
f o r i in $ ( seq 180) ; do pngtopnm < meshwalk −1.0− t i t l e . png ; done |

5 f fmpeg −r 60 − i − −vf fade=in : 3 0 : 3 0 , fade=out : 1 20 : 3 0 meshwalk −1.0− t i t l e −%04d .ppm
f o r i in $ ( seq 180) ; do pngtopnm < meshwalk −1.0− c r e d i t s . png ; done |
f fmpeg −r 60 − i − −vf fade=in : 3 0 : 3 0 , fade=out : 1 20 : 3 0 meshwalk −1.0− c r ed i t s −%04d .⤦

Ç ppm
( cat meshwalk −1.0− t i t l e −0∗ .ppm ; . / meshwalk −1.0 ; cat meshwalk −1.0− c r ed i t s −0∗ .⤦

Ç ppm ) |
f fmpeg −r 60 − i − − i s i l e n c e . wav \

10 −pix fmt yuv420p − p r o f i l e : v high − l e v e l : v 4 .1 −tune : v animation \
−movflags +f a s t s t a r t meshwalk −1 . 0 .mov

∗/

#inc lude <math . h>
15 #inc lude <s t d i o . h>

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

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

20

#de f i n e p i 3.141592653589793

s t a t i c void debug program (GLuint program ) {
GLint s t a tu s = 0 ;

25 glGetProgramiv ( program , GL LINK STATUS, &s ta tu s ) ;
GLint l ength = 0 ;
glGetProgramiv ( program , GL INFO LOG LENGTH, &length ) ;
char ∗ i n f o = 0 ;
i f ( l ength ) {

30 i n f o = mal loc ( l ength + 1) ;
i n f o [ 0 ] = 0 ;
glGetProgramInfoLog ( program , length , 0 , i n f o ) ;
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i n f o [ l ength ] = 0 ;
}

35 i f ( ( i n f o && in f o [ 0 ] ) | | ! s t a tu s ) {
f p r i n t f ( s tde r r , ”program l i n k i n f o :\n%s ” , i n f o ? i n f o : ”( no i n f o l og ) ”) ;

}
i f ( i n f o ) {

f r e e ( i n f o ) ;
40 }

}

s t a t i c void debug shader (GLuint shader , GLenum type , const char ∗ source ) {
GLint s t a tu s = 0 ;

45 glGetShader iv ( shader , GL COMPILE STATUS, &s ta tu s ) ;
GLint l ength = 0 ;
g lGetShader iv ( shader , GL INFO LOG LENGTH, &length ) ;
char ∗ i n f o = 0 ;
i f ( l ength ) {

50 i n f o = mal loc ( l ength + 1) ;
i n f o [ 0 ] = 0 ;
glGetShaderInfoLog ( shader , length , 0 , i n f o ) ;
i n f o [ l ength ] = 0 ;

}
55 i f ( ( i n f o && in f o [ 0 ] ) | | ! s t a tu s ) {

const char ∗ t yp e s t r = ”unknown ” ;
switch ( type ) {

case GL VERTEX SHADER: t yp e s t r = ” ver tex ” ; break ;
case GL FRAGMENT SHADER: t yp e s t r = ” fragment ” ; break ;

60 case GL COMPUTE SHADER: t yp e s t r = ”compute ” ; break ;
}
f p r i n t f

( s t d e r r
, ”%s shader compi le i n f o :\n%s \nshader source :\n%s”

65 , t y p e s t r
, i n f o ? i n f o : ”( no i n f o l og ) ”
, source ? source : ”( no source ) ”
) ;

}
70 i f ( i n f o ) {

f r e e ( i n f o ) ;
}

}

75 s t a t i c GLuint ve r t ex f ragment shader ( const char ∗vert , const char ∗ f r a g ) {
GLuint program = glCreateProgram ( ) ;
{

GLuint shader = glCreateShader (GL VERTEX SHADER) ;
g lShaderSource ( shader , 1 , &vert , 0) ;

80 glCompileShader ( shader ) ;
debug shader ( shader , GL VERTEX SHADER, ver t ) ;
g lAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

}
85 {

GLuint shader = glCreateShader (GL FRAGMENT SHADER) ;
g lShaderSource ( shader , 1 , &frag , 0) ;
glCompileShader ( shader ) ;
debug shader ( shader , GL FRAGMENT SHADER, f r ag ) ;
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90 glAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

}
glLinkProgram ( program ) ;
debug program ( program ) ;

95 re turn program ;
}

#de f i n e W (16 ∗ 8)
#de f i n e H ( 9 ∗ 8)

100

// p o s i t i o n s ( even s t o r e average , odd s t o r e edge o f f s e t s )
s t a t i c double g [H ] [W] ;
// v e l o c i t i e s ( odd f o r edges )
s t a t i c double dg [H ] [W] ;

105

// OpenGL t r i a n g l e s : one quad per even coord inate , convex i ty guaranteed
s t a t i c GLfloat t [H/2 + 2 ] [W/2 + 2 ] [ 2 ] [ 2 ] [ 3 ] [ 3 ] ;

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

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

115 a = ( a+0xd3a2646c ) ˆ (a<<9) ;
a = ( a+0xfd7046c5 ) + (a<<3) ;
a = ( aˆ0 xb55a4f09 ) ˆ (a>>16) ;
r e turn a ;

}
120

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

re turn
125 bur t l e ha sh (x +

bur t l e ha sh (y +
bur t l e ha sh ( c ) ) ) /
( double ) (0 x100000000LL ) ;

}
130

// randomize po s i t i on s , no v e l o c i t y
s t a t i c void i n i t ( )
{

f o r ( i n t j = 0 ; j < H; ++j )
135 f o r ( i n t i = 0 ; i < W; ++i )

{
g [ j ] [ i ] = 0 .25 + 0 .5 ∗ uniform ( i , j , −1) ;
dg [ j ] [ i ] = 0 ;

}
140 }

// compute average dev i a t i on from even coo rd ina t e s
s t a t i c void even ( )
{

145 f o r ( i n t j = 0 ; j < H; ++j )
f o r ( i n t i = 0 ; i < W; ++i )
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i f ( ( ( i & 1) == 0) && (( j & 1) == 0) )
{

i n t ip = ( i + 1) % W;
150 i n t jp = ( j + 1) % H;

i n t im = ( i − 1 + W) % W;
in t jm = ( j − 1 + H) % H;
double xp = g [ j ] [ ip ] ;
double xm = 1 − g [ j ] [ im ] ;

155 double yp = g [ jp ] [ i ] ;
double ym = 1 − g [ jm ] [ i ] ;
double m = 0.25 ∗ ( xp + xm + yp + ym) ;
g [ j ] [ i ] = m;

}
160 }

// update dev i a t i on o f even coo rd ina t e s
s t a t i c void odd ( i n t k )
{

165 // i n t e g r a t i o n time constant
const double dt = 0 . 1 ;
// f r i c t i o n p ropo r t i ona l to v e l o c i t y
const double f r i c t i o n = 0 . 0 0 5 ;
// e l a s t i c c o l l i s i o n s at the end po in t s o f the i n t e r v a l s

170 const double e l a s t i c = 0 . 1 2 5 ;
// time−varying f o r c i n g o f the spr ing constant g i v e s i n t e r e s t i n g e f f e c t s
const double sp r ing = 0 .1 + 0.02 ∗ s i n (2 ∗ pi ∗ k / 60 . 0 ) ;

f o r ( i n t j = 0 ; j < H; ++j )
175 f o r ( i n t i = 0 ; i < W; ++i )

i f ( ( ( i + j ) & 1) == 1) // edges
{

// get cur rent p o s i t i o n
double a = g [ j ] [ i ] ;

180 // get aveage o f endpoints
double ap , am;
i f ( i & 1) // ho r i z on t a l
{

i n t ip = ( i + 1) % W;
185 i n t im = ( i − 1 + W) % W;

ap = g [ j ] [ ip ] ;
am = g [ j ] [ im ] ;

}
e l s e // v e r t i c a l

190 {
i n t jm = ( j − 1 + H) % H;
i n t jp = ( j + 1) % H;
ap = g [ jp ] [ i ] ;
am = g [ jm ] [ i ] ;

195 }
double t a r g e t = 0 .5 ∗ ( ap + 1 − am) ;
// get cur rent v e l o c i t y
double d = dg [ j ] [ i ] ;
// compute f o r c e

200 double f = spr ing ∗ ( t a r g e t − a ) − f r i c t i o n ∗ d ;
// i n t e g r a t e p o s i t i o n
a = a + dt ∗ d ;
// handle f a r out o f bounds
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i f ( a > 2) { a = 0 . 5 ; d = 0 ; }
205 i f ( a < −1) { a = 0 . 5 ; d = 0 ; }

// handle e l a s t i c r e f l e c t i o n s at end po in t s
i f ( a > 1) { a = 1 − ( a − 1) ; d = − e l a s t i c ∗ d ; }
i f ( a < 0) { a = 0 − ( a − 0) ; d = − e l a s t i c ∗ d ; }
// s t o r e new po s i t i o n

210 g [ j ] [ i ] = a ;
// i n t e g r a t e v e l o c i t y
dg [ j ] [ i ] = d + dt ∗ f ;

}
}

215

// update t r i a n g l e p o s i t i o n s f o r OpenGL
s t a t i c void t r i s ( )
{

f o r ( i n t j 0 = −1; j 0 <= H; ++j0 )
220 f o r ( i n t i 0 = −1; i 0 <= W; ++i0 )

{
i n t i = ( i 0 + W) % W;
in t j = ( j0 + H) % H;
i f ( ( i & 1) == ( j & 1) ) // even coo rd ina t e s own a quad

225 {
i n t x = i0 >> 1 ;
i n t y = j0 >> 1 ;
i n t j 1 = y + 1 ;
i n t i 1 = x + 1 ;

230 i n t f = j & 1 ; // quad type ( coo rd ina t e s both even vs both odd )
i n t c = f | ( ( i 0 ˆ j0 ) & 2) ; // co l our
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 0 ] [ 0 ] = x + f ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 0 ] [ 1 ] = y ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 0 ] [ 2 ] = c ;

235 t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 1 ] [ 0 ] = x + 1 ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 1 ] [ 1 ] = y + f ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 1 ] [ 2 ] = c ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 2 ] [ 0 ] = x + f ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 2 ] [ 1 ] = y + 1 ;

240 t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 2 ] [ 2 ] = c ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 0 ] [ 2 ] = c ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 1 ] [ 2 ] = c ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 2 ] [ 0 ] = x ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 2 ] [ 1 ] = y + f ;

245 t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 2 ] [ 2 ] = c ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 0 ] [ f ] += g [ ( j ) % H] [ ( i + 1) % W] ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 1 ] [ 1 − f ] += g [ ( j + 1) % H] [ ( i + 2) % W] ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 2 ] [ f ] += g [ ( j + 2) % H] [ ( i + 1) % W] ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 2 ] [ 1 − f ] += g [ ( j + 1) % H] [ ( i ) % W] ;

250 t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 0 ] [ 0 ] = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 0 ] [ 0 ] ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 0 ] [ 1 ] = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 0 ] [ 1 ] ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 1 ] [ 0 ] = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 2 ] [ 0 ] ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 1 ] [ 1 ] = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 2 ] [ 1 ] ;

}
255 }

}

// GLFW keyboard ca l l ba ck
s t a t i c void keycb

260 ( GLFWwindow ∗window
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, i n t key
, i n t scancode
, i n t ac t i on
, i n t mods

265 )
{

( void ) scancode ;
( void ) mods ;
i f ( a c t i on == GLFW PRESS)

270 {
switch ( key )
{

case GLFWKEYQ:
case GLFWKEY ESCAPE:

275 glfwSetWindowShouldClose (window , GL TRUE) ;
break ;

}
}

}
280

// entry po int
extern i n t main ( )
{

// s t a r t OpenGL 3 .3 core p r o f i l e 1920 x1080 f u l l s c r e en
285 i n t w = 1920 ;

i n t h = 1080 ;
g l fw I n i t ( ) ;
glfwWindowHint (GLFW CLIENT API, GLFW OPENGL API) ;
glfwWindowHint (GLFWCONTEXTVERSIONMAJOR, 3) ;

290 glfwWindowHint (GLFWCONTEXT VERSIONMINOR, 3) ;
glfwWindowHint (GLFW OPENGL PROFILE, GLFWOPENGL CORE PROFILE) ;
glfwWindowHint (GLFWOPENGLFORWARDCOMPAT, GL TRUE) ;
glfwWindowHint (GLFW RESIZABLE, GL FALSE) ;
glfwWindowHint (GLFWDECORATED, GL FALSE) ;

295 glfwWindowHint (GLFW SAMPLES, 32) ;
GLFWwindow ∗window = glfwCreateWindow (w, h , ”meshwalk ” , 0 , 0) ;
glfwMakeContextCurrent (window) ;
gl fwSetKeyCal lback (window , keycb ) ;
glewExperimental = GL TRUE;

300 g l ew In i t ( ) ;
g lGetError ( ) ; // d i s ca rd common e r r o r from glew
// s e t up ver tex array ob j e c t
g lEnable (GL MULTISAMPLE) ;
g lC l ea rCo lo r (0 , 0 , 0 . 5 , 1) ;

305 GLuint vao ;
glGenVertexArrays (1 , &vao ) ;
glBindVertexArray ( vao ) ;
// s e t up bu f f e r
GLuint vbo ;

310 g lGenBuf fers (1 , &vbo ) ;
g lB indBuf f e r (GL ARRAY BUFFER, vbo ) ;
g lBuf fe rData (GL ARRAY BUFFER, s i z e o f ( t ) , 0 , GLDYNAMICDRAW) ;
// s e t up shader
const char ∗ s v e r t e x =

315 ”#ve r s i on 330 core \n”
”uniform mat4 MVP;\n”
” layout ( l o c a t i o n = 0) in vec3 po s i t i o n ;\n”
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” f l a t out i n t c ;\n”
” void main ( ) \n”

320 ”{\n”
” c = in t ( p o s i t i o n . z ) ;\n”
” g l P o s i t i o n = MVP ∗ vec4 ( p o s i t i o n . xy , 0 . 0 , 1 . 0 ) ;\n”
”}\n”
;

325 const char ∗ s f ragment =
”#ve r s i on 330 core \n”
” f l a t in i n t c ;\n”
” layout ( l o c a t i o n = 0) out vec4 co l our ;\n”
” void main ( ) \n”

330 ”{\n”
” vec3 blue = vec3 ( 0 . 0 , 0 . 5 , 1 . 0 ) ;\n”
” vec3 white = vec3 ( 1 . 0 ) ;\n”
” vec3 red = vec3 ( 1 . 0 , 0 . 2 , 0 . 0 ) ;\n”
” vec3 black = vec3 ( 0 . 0 ) ;\n”

335 ” co l our = vec4 ( vec3 [ 4 ] ( blue , white , red , b lack ) [ c ] , 1 . 0 ) ;\n”
”}\n”

;
GLuint d i sp l ay = ver t ex f ragment shader ( s ve r t ex , s f ragment ) ;
glUseProgram ( d i sp l ay ) ;

340 GLfloat m[ 4 ] [ 4 ] = // ortho2d
{ { 4 .0 / W, 0 , 0 , 0 }
, { 0 , 4 . 0 / H, 0 , 0 }
, { 0 , 0 , −1 , 0 }
, { −1 , −1 , 0 , 1 }

345 } ;
GLint u MVP = glGetUniformLocation ( d i sp lay , ”MVP”) ;
g lUni formMatrix4fv (u MVP, 1 , GL FALSE, &m[ 0 ] [ 0 ] ) ;
g lVer t exAtt r ibPo in te r (0 , 3 , GL FLOAT, GL FALSE, 0 , 0) ;
g lEnableVertexAttr ibArray (0 ) ;

350 // main loop
unsigned char ∗ video = mal loc (w ∗ h ∗ 3) ;
i n i t ( ) ;
g l fwPo l lEvents ( ) ;
f o r ( i n t k = 0 ; ! glfwWindowShouldClose (window) ; ++k)

355 {
// step
even ( ) ;
odd (k ) ;
i f ( k > 0x3FFFF)

360 {
t r i s ( ) ;
// draw
glBufferSubData (GL ARRAY BUFFER, 0 , s i z e o f ( t ) , t ) ;
g lC l ea r (GL COLOR BUFFER BIT) ;

365 glDrawArrays (GL TRIANGLES, 0 , (H/2 + 2) ∗ (W/2 + 2) ∗ 2 ∗ 2 ∗ 3) ;
// download output frame
g lReadPixe l s (0 , 0 , w, h , GL RGB, GL UNSIGNED BYTE, video ) ;
// output PPM to stdout ( f l i p p e d v e r t i c a l l y )
p r i n t f (”P6\n%d %d\n255\n” , w, h) ;

370 fw r i t e ( video , w ∗ h ∗ 3 , 1 , s tdout ) ;
// r ed i s p l a y
gl fwSwapBuffers (window) ;
g l fwPo l lEvents ( ) ;
i f ( k > 0x3FFFF + 60 ∗ 234)
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375 break ;
}

}
// cleanup
f r e e ( v ideo ) ;

380 glfwDestroyWindow (window) ;
gl fwTerminate ( ) ;
r e turn 0 ;

}

53 meshwalk/meshwalk-1.0-credits.png

54 meshwalk/meshwalk-1.0-title-and-credits.tex
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55 meshwalk/meshwalk-1.0-title.png

56 meshwalk/meshwalk-2.0.c

/∗
meshwalk −− aud i ov i sua l drone
Copyright (C) 2018 Claude Heiland −Allen <claude@mathr . co . uk>

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <https : //www. gnu . org / l i c e n s e s />.

∗/
/∗
# bui ld ( or use ‘make ‘ )

20 gcc −std=c99 −Wall −Wextra −pedant ic −Ofast − f f a s t −math −march=nat ive \
−o meshwalk −2.0 meshwalk −2 . 0 . c \
− l j a c k − l s n d f i l e −lGLEW −lGL − l g l fw −lm

# rea l t ime mode with JACK audio , p r e s s Q to e x i t
25 . / meshwalk −2.0

# render
f o r i in $ ( seq 180) ; do pngtopnm < meshwalk −2.0− t i t l e . png ; done |
f fmpeg −r 60 − i − −vf fade=in : 3 0 : 3 0 , fade=out : 1 20 : 3 0 meshwalk −2.0− t i t l e −%04d .ppm

30 f o r i in $ ( seq 180) ; do pngtopnm < meshwalk −2.0− c r e d i t s . png ; done |
f fmpeg −r 60 − i − −vf fade=in : 3 0 : 3 0 , fade=out : 1 20 : 3 0 meshwalk −2.0− c r ed i t s −%04d .⤦

Ç ppm
(

cat meshwalk −2.0− t i t l e −0∗ .ppm
./meshwalk −2.0 −nrt

35 cat meshwalk −2.0− c r ed i t s −0∗ .ppm
) |
f fmpeg − f ramerate 60 − i − −codec : v png meshwalk −2.0 v .mov
ffmpeg − i meshwalk −2.0 v .mov − i meshwalk −2.0 a .mov \
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−codec : v copy −codec : a copy −movflags +f a s t s t a r t \
40 meshwalk −2 . 0 .mov

ffmpeg − i meshwalk −2 . 0 .mov \
−pix fmt yuv420p − p r o f i l e : v high − l e v e l : v 4 .1 −tune : v animation \
− c r f : v 20 −b : a 384k −movflags +f a s t s t a r t \
meshwalk −2 . 0 .mp4

45 ∗/

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

50

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

#inc lude <j ack / jack . h>
55 #inc lude <s n d f i l e . h>

#de f i n e SR 48000
#de f i n e FPS 60
#de f i n e W (16 ∗ 4)

60 #de f i n e H ( 9 ∗ 4)

#de f i n e p i 3.141592653589793

// pre cond i t i on : 0 <= phase <= 1
65 s t a t i c i n l i n e f l o a t c o s f 9 ( f l o a t phase ) {

f l o a t p = f a b s f ( 4 . 0 f ∗ phase − 2 .0 f ) − 1 .0 f ;
f l o a t p2 = p ∗ p ;
// p in −1 . . 1
f l o a t s

70 = 1.5707963267948965580 e+00 f ∗ p
− 6.4596271553942852250 e−01 f ∗ p ∗ p2
+ 7.9685048314861006702 e−02 f ∗ p ∗ p2 ∗ p2
− 4.6672571910271187789 e−03 f ∗ p ∗ p2 ∗ p2 ∗ p2
+ 1.4859762069630022552 e−04 f ∗ p ∗ p2 ∗ p2 ∗ p2 ∗ p2 ;

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

}

s t a t i c i n l i n e f l o a t wrap ( f l o a t x ) { re turn x − f l o o r ( x ) ; }
80

s t a t i c void debug program (GLuint program ) {
GLint s t a tu s = 0 ;
glGetProgramiv ( program , GL LINK STATUS, &s ta tu s ) ;
GLint l ength = 0 ;

85 glGetProgramiv ( program , GL INFO LOG LENGTH, &length ) ;
char ∗ i n f o = 0 ;
i f ( l ength ) {

i n f o = mal loc ( l ength + 1) ;
i n f o [ 0 ] = 0 ;

90 glGetProgramInfoLog ( program , length , 0 , i n f o ) ;
i n f o [ l ength ] = 0 ;

}
i f ( ( i n f o && in f o [ 0 ] ) | | ! s t a tu s ) {

f p r i n t f ( s tde r r , ”program l i n k i n f o :\n%s ” , i n f o ? i n f o : ”( no i n f o l og ) ”) ;
95 }
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i f ( i n f o ) {
f r e e ( i n f o ) ;

}
}

100

s t a t i c void debug shader (GLuint shader , GLenum type , const char ∗ source ) {
GLint s t a tu s = 0 ;
g lGetShader iv ( shader , GL COMPILE STATUS, &s ta tu s ) ;
GLint l ength = 0 ;

105 glGetShader iv ( shader , GL INFO LOG LENGTH, &length ) ;
char ∗ i n f o = 0 ;
i f ( l ength ) {

i n f o = mal loc ( l ength + 1) ;
i n f o [ 0 ] = 0 ;

110 glGetShaderInfoLog ( shader , length , 0 , i n f o ) ;
i n f o [ l ength ] = 0 ;

}
i f ( ( i n f o && in f o [ 0 ] ) | | ! s t a tu s ) {

const char ∗ t yp e s t r = ”unknown ” ;
115 switch ( type ) {

case GL VERTEX SHADER: t yp e s t r = ” ver tex ” ; break ;
case GL FRAGMENT SHADER: t yp e s t r = ” fragment ” ; break ;
case GL COMPUTE SHADER: t yp e s t r = ”compute ” ; break ;

}
120 f p r i n t f

( s t d e r r
, ”%s shader compi le i n f o :\n%s \nshader source :\n%s”
, t yp e s t r
, i n f o ? i n f o : ”( no i n f o l og ) ”

125 , source ? source : ”( no source ) ”
) ;

}
i f ( i n f o ) {

f r e e ( i n f o ) ;
130 }

}

s t a t i c GLuint ve r t ex f ragment shader ( const char ∗vert , const char ∗ f r a g ) {
GLuint program = glCreateProgram ( ) ;

135 {
GLuint shader = glCreateShader (GL VERTEX SHADER) ;
g lShaderSource ( shader , 1 , &vert , 0) ;
glCompileShader ( shader ) ;
debug shader ( shader , GL VERTEX SHADER, ver t ) ;

140 glAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

}
{

GLuint shader = glCreateShader (GL FRAGMENT SHADER) ;
145 glShaderSource ( shader , 1 , &frag , 0) ;

glCompileShader ( shader ) ;
debug shader ( shader , GL FRAGMENT SHADER, f r ag ) ;
g lAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

150 }
glLinkProgram ( program ) ;
debug program ( program ) ;
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re turn program ;
}

155

// p o s i t i o n s ( even s t o r e average , odd s t o r e edge o f f s e t s )
s t a t i c f l o a t g [H ] [W] ;
// v e l o c i t i e s ( odd f o r edges )
s t a t i c f l o a t dg [H ] [W] ;

160

// OpenGL t r i a n g l e s : two quads per even coord inate , convex i ty guaranteed
s t a t i c GLfloat t [H/2 + 2 ] [W/2 + 2 ] [ 2 ] [ 2 ] [ 3 ] [ 3 ] ;

// audio o s c i l l a t o r s : one per quad , double bu f f e r ed with l i n e a r i n t e r p o l a t i o n
165 s t a t i c i n t a which = 0 ;

s t a t i c f l o a t pan [ 2 ] [H/2 + 2 ] [W/2 + 2 ] [ 2 ] ;
s t a t i c f l o a t p i t ch [ 2 ] [H/2 + 2 ] [W/2 + 2 ] [ 2 ] ;
s t a t i c f l o a t l e v e l [ 2 ] [H/2 + 2 ] [W/2 + 2 ] [ 2 ] ;
s t a t i c f l o a t phase [H/2 + 2 ] [W/2 + 2 ] [ 2 ] ;

170

// 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 )
{

a = ( a+0x7ed55d16 ) + (a<<12) ;
175 a = ( aˆ0 xc761c23c ) ˆ (a>>19) ;

a = ( a+0x165667b1 ) + (a<<5) ;
a = ( a+0xd3a2646c ) ˆ (a<<9) ;
a = ( a+0xfd7046c5 ) + (a<<3) ;
a = ( aˆ0 xb55a4f09 ) ˆ (a>>16) ;

180 re turn a ;
}

// pseudo−random uniform number in [ 0 , 1 )
s t a t i c f l o a t uniform ( u in t 32 t x , u i n t 32 t y , u i n t 32 t c )

185 {
re turn

bur t l e ha sh (x +
bur t l e ha sh (y +
bur t l e ha sh ( c ) ) ) /

190 ( f l o a t ) (0 x100000000LL ) ;
}

// randomize po s i t i on s , no v e l o c i t y
s t a t i c void i n i t ( )

195 {
f o r ( i n t j = 0 ; j < H; ++j )
f o r ( i n t i = 0 ; i < W; ++i )
{

g [ j ] [ i ] = 0 .25 + 0 .5 ∗ uniform ( i , j , 0) ;
200 dg [ j ] [ i ] = 0 ;

}
f o r ( i n t j = 0 ; j < H/2 + 2 ; ++ j )
f o r ( i n t i = 0 ; i < W/2 + 2 ; ++ i )
{

205 phase [ j ] [ i ] [ 0 ] = uniform ( i , j , 1) ;
phase [ j ] [ i ] [ 1 ] = uniform ( i , j , 2) ;

}
}
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210 // compute average dev i a t i on from even coo rd ina t e s
s t a t i c void even ( )
{

f o r ( i n t j = 0 ; j < H; ++j )
f o r ( i n t i = 0 ; i < W; ++i )

215 i f ( ( ( i & 1) == 0) && (( j & 1) == 0) )
{

i n t ip = ( i + 1) % W;
in t jp = ( j + 1) % H;
i n t im = ( i − 1 + W) % W;

220 i n t jm = ( j − 1 + H) % H;
f l o a t xp = g [ j ] [ ip ] ;
f l o a t xm = 1 − g [ j ] [ im ] ;
f l o a t yp = g [ jp ] [ i ] ;
f l o a t ym = 1 − g [ jm ] [ i ] ;

225 f l o a t m = 0.25 f ∗ ( xp + xm + yp + ym) ;
g [ j ] [ i ] = m;

}
}

230 // update dev i a t i on o f even coo rd ina t e s
s t a t i c void odd ( i n t k )
{

// i n t e g r a t i o n time constant
const f l o a t dt = 1 .0 f /32 .0 f ;

235 // f r i c t i o n p ropo r t i ona l to v e l o c i t y
const f l o a t f r i c t i o n = 0.07 f ∗ dt ;
// e l a s t i c c o l l i s i o n s at the end po in t s o f the i n t e r v a l s
const f l o a t e l a s t i c = 0.125 f ;
// time−varying f o r c i n g o f the spr ing constant g i v e s i n t e r e s t i n g e f f e c t s

240 const f l o a t sp r ing = 0 .1 f + 0 .02 f ∗ s i n f ( 2 . 0 f ∗ pi ∗ k / 60 .0 f ) ;

f o r ( i n t j = 0 ; j < H; ++j )
f o r ( i n t i = 0 ; i < W; ++i )
i f ( ( ( i + j ) & 1) == 1) // edges

245 {
// get cur rent p o s i t i o n
f l o a t a = g [ j ] [ i ] ;
// get aveage o f endpoints
f l o a t ap , am;

250 i f ( i & 1) // ho r i z on t a l
{

i n t ip = ( i + 1) % W;
in t im = ( i − 1 + W) % W;
ap = g [ j ] [ ip ] ;

255 am = g [ j ] [ im ] ;
}
e l s e // v e r t i c a l
{

i n t jm = ( j − 1 + H) % H;
260 i n t jp = ( j + 1) % H;

ap = g [ jp ] [ i ] ;
am = g [ jm ] [ i ] ;

}
f l o a t t a r g e t = 0 .5 f ∗ ( ap + 1 .0 f − am) ;

265 // get cur rent v e l o c i t y
f l o a t d = dg [ j ] [ i ] ;
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// compute f o r c e
f l o a t f = spr ing ∗ ( t a r g e t − a ) − f r i c t i o n ∗ d ;
// i n t e g r a t e p o s i t i o n

270 a = a + dt ∗ d ;
// handle f a r out o f bounds
i f ( a > 2) { a = 0 . 5 ; d = 0 ; }
i f ( a < −1) { a = 0 . 5 ; d = 0 ; }
// handle e l a s t i c r e f l e c t i o n s at end po in t s

275 i f ( a > 1) { a = 1 − ( a − 1) ; d = − e l a s t i c ∗ d ; }
i f ( a < 0) { a = 0 − ( a − 0) ; d = − e l a s t i c ∗ d ; }
// s t o r e new po s i t i o n
g [ j ] [ i ] = a ;
// i n t e g r a t e v e l o c i t y

280 dg [ j ] [ i ] = d + dt ∗ f ;
}

}

// update t r i a n g l e p o s i t i o n s f o r OpenGL
285 s t a t i c void t r i s ( )

{
i n t w = 1 − a which ;
f l o a t ba s e p i t ch [ 4 ] = { 150 .0 f / SR, 250 .0 f / SR, 150 .0 f / SR, 100 .0 f / SR } ;
f l o a t gain = 0 .5 f ;

290 f l o a t volume = gain / s q r t f ( (H/2 + 2) ∗ (W/2 + 2) ∗ 2) ;
f o r ( i n t j 0 = −1; j 0 <= H; ++j0 )
f o r ( i n t i 0 = −1; i 0 <= W; ++i0 )
{

i n t i = ( i 0 + W) % W;
295 i n t j = ( j0 + H) % H;

i f ( ( i & 1) == ( j & 1) ) // even coo rd ina t e s own a quad
{

i n t x = i0 >> 1 ;
i n t y = j0 >> 1 ;

300 i n t j 1 = y + 1 ;
i n t i 1 = x + 1 ;
i n t f = j & 1 ; // quad type ( coo rd ina t e s both even vs both odd )
i n t c = f | ( ( i 0 ˆ j 0 ) & 2) ; // co l our
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 0 ] [ 0 ] = x + f ;

305 t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 0 ] [ 1 ] = y ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 0 ] [ 2 ] = c ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 1 ] [ 0 ] = x + 1 ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 1 ] [ 1 ] = y + f ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 1 ] [ 2 ] = c ;

310 t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 2 ] [ 0 ] = x + f ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 2 ] [ 1 ] = y + 1 ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 2 ] [ 2 ] = c ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 0 ] [ 2 ] = c ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 1 ] [ 2 ] = c ;

315 t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 2 ] [ 0 ] = x ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 2 ] [ 1 ] = y + f ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 2 ] [ 2 ] = c ;
f l o a t top = g [ ( j ) % H] [ ( i + 1) % W] ;
f l o a t r i g h t = g [ ( j + 1) % H] [ ( i + 2) % W] ;

320 f l o a t bottom = g [ ( j + 2) % H] [ ( i + 1) % W] ;
f l o a t l e f t = g [ ( j + 1) % H] [ ( i ) % W] ;
f l o a t xpos0 , ypos0 ;
( void ) xpos0 ;
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{
325 f l o a t x0 = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 0 ] [ 0 ] ;

f l o a t x1 = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 1 ] [ 0 ] ;
f l o a t x2 = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 2 ] [ 0 ] ;
f l o a t x3 = t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 2 ] [ 0 ] ;
f l o a t y0 = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 0 ] [ 1 ] ;

330 f l o a t y1 = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 1 ] [ 1 ] ;
f l o a t y2 = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 2 ] [ 1 ] ;
f l o a t y3 = t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 2 ] [ 1 ] ;
xpos0 = 0.25 f ∗ ( x0 + x1 + x2 + x3 + 1 .0 f ) ;
ypos0 = 0.25 f ∗ ( y0 + y1 + y2 + y3 + 1 .0 f ) ;

335 }
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 0 ] [ f ] += top ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 1 ] [ 1 − f ] += r i gh t ;
t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 2 ] [ f ] += bottom ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 2 ] [ 1 − f ] += l e f t ;

340 f l o a t x0 = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 0 ] [ 0 ] ;
f l o a t x1 = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 1 ] [ 0 ] ;
f l o a t x2 = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 2 ] [ 0 ] ;
f l o a t x3 = t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 2 ] [ 0 ] ;
f l o a t y0 = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 0 ] [ 1 ] ;

345 f l o a t y1 = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 1 ] [ 1 ] ;
f l o a t y2 = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 2 ] [ 1 ] ;
f l o a t y3 = t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 2 ] [ 1 ] ;
f l o a t xpos = 0.25 f ∗ ( x0 + x1 + x2 + x3 ) ;
f l o a t ypos = 0.25 f ∗ ( y0 + y1 + y2 + y3 ) ;

350 f l o a t d1x = x2 − x0 ;
f l o a t d2x = x3 − x1 ;
f l o a t d1y = y2 − y0 ;
f l o a t d2y = y3 − y1 ;
d1x ∗= d1x ;

355 d2x ∗= d2x ;
d1y ∗= d1y ;
d2y ∗= d2y ;
f l o a t d1 = d1x + d1y ;
f l o a t d2 = d2x + d2y ;

360 f l o a t areaSquared = d1 ∗ d2 ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 0 ] [ 0 ] = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 0 ] [ 0 ] ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 0 ] [ 1 ] = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 0 ] [ 1 ] ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 1 ] [ 0 ] = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 2 ] [ 0 ] ;
t [ j 1 ] [ i 1 ] [ f ] [ 1 ] [ 1 ] [ 1 ] = t [ j 1 ] [ i 1 ] [ f ] [ 0 ] [ 2 ] [ 1 ] ;

365 pan [w ] [ j 1 ] [ i 1 ] [ f ] = xpos / ( (W >> 1) + 2) ∗ 0 .25 f ;
p i t ch [w ] [ j 1 ] [ i 1 ] [ f ] = pow (1 . 5 , ypos − ypos0 ) ∗ ba s e p i t ch [ c ] ;
l e v e l [w ] [ j 1 ] [ i 1 ] [ f ] = areaSquared ∗ volume ;

}
}

370 }

s t a t i c void audiocb ( f l o a t ∗ ou t l e f t , f l o a t ∗ out r i gh t , i n t nframes )
{

f o r ( i n t n = 0 ; n < nframes ; ++n)
375 {

o u t l e f t [ n ] = ou t r i g h t [ n ] = 0 ;
}
i n t w = a which ;
i n t w1 = 1 − w;

380 f o r ( i n t j 0 = −1; j 0 <= H; ++j0 )
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{
f l o a t l [ nframes ] , r [ nframes ] ;
f o r ( i n t n = 0 ; n < nframes ; ++n)
{

385 l [ n ] = r [ n ] = 0 ;
}
f o r ( i n t i 0 = −1; i 0 <= W; ++i0 )
{

i n t i = ( i 0 + W) % W;
390 i n t j = ( j0 + H) % H;

i f ( ( i & 1) == ( j & 1) ) // even coo rd ina t e s own a quad
{

i n t x = i0 >> 1 ;
i n t y = j0 >> 1 ;

395 i n t j 1 = y + 1 ;
i n t i 1 = x + 1 ;
i n t f = j & 1 ; // quad type ( coo rd ina t e s both even vs both odd )
i n t c = f | ( ( i 0 ˆ j 0 ) & 2) ; // co l our
f l o a t pan 0c = co s f 9 ( pan [w ] [ j 1 ] [ i 1 ] [ f ] ) ;

400 f l o a t pan 0s = co s f 9 ( 0 . 25 f − pan [w ] [ j 1 ] [ i 1 ] [ f ] ) ;
f l o a t pan 1c = co s f 9 ( pan [w1 ] [ j 1 ] [ i 1 ] [ f ] ) ;
f l o a t pan 1s = co s f 9 ( 0 . 25 f − pan [w1 ] [ j 1 ] [ i 1 ] [ f ] ) ;
f l o a t p i t 0 = p i t ch [w ] [ j 1 ] [ i 1 ] [ f ] ;
f l o a t p i t 1 = p i t ch [w1 ] [ j 1 ] [ i 1 ] [ f ] ;

405 f l o a t l e v 0 = l e v e l [w ] [ j 1 ] [ i 1 ] [ f ] ;
f l o a t l e v 1 = l e v e l [w1 ] [ j 1 ] [ i 1 ] [ f ] ;
f o r ( i n t n = 0 ; n < nframes ; ++n)
{

f l o a t l i n = (n + 0 . 5 ) / nframes ;
410 f l o a t l i n 1 = 1 − l i n ;

f l o a t pan1c = pan 0c∗ l i n 1 + pan 1c∗ l i n ;
f l o a t pan1s = pan 0s ∗ l i n 1 + pan 1s ∗ l i n ;
f l o a t p i t ch1 = p i t 0 ∗ l i n 1 + p i t 1 ∗ l i n ;
f l o a t l e v e l 1 = l e v 0 ∗ l i n 1 + l e v 1 ∗ l i n ;

415 f l o a t p = phase [ j 1 ] [ i 1 ] [ f ] = wrap ( phase [ j 1 ] [ i 1 ] [ f ] + p i tch1 ) ;
f l o a t o = 0 ;
switch ( c )
{

case 0 : o = 0 .5 f − p ; break ;
420 case 1 : o = f a b s f (p − 0 .5 f ) − 0 .25 f ; break ;

case 2 : o = p − 0 .5 f ; break ;
case 3 : o = (p < 0 .5 f ) − 0 .5 f ; break ;

}
o ∗= l e v e l 1 ;

425 l [ n ] += o ∗ pan1c ;
r [ n ] += o ∗ pan1s ;

}
}

}
430 f o r ( i n t n = 0 ; n < nframes ; ++n)

{
o u t l e f t [ n ] += l [ n ] ;
o u t r i g h t [ n ] += r [ n ] ;

}
435 }

a which = 1 − a which ;
}
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j a c k c l i e n t t ∗ c l i e n t ;
440 j a c k p o r t t ∗port [ 2 ] ;

s t a t i c i n t proce s scb ( j a ck n f r ames t nframes , void ∗ arg ) {
( void ) arg ;
j a c k d e f au l t aud i o s amp l e t ∗out [ 2 ] ;
out [ 0 ] = j a c k p o r t g e t b u f f e r ( port [ 0 ] , nframes ) ;

445 out [ 1 ] = j a c k p o r t g e t b u f f e r ( port [ 1 ] , nframes ) ;
audiocb ( out [ 0 ] , out [ 1 ] , nframes ) ;
r e turn 0 ;

}

450 // GLFW keyboard ca l l ba ck
s t a t i c void keycb

( GLFWwindow ∗window
, i n t key
, i n t scancode

455 , i n t ac t i on
, i n t mods
)

{
( void ) key ;

460 ( void ) scancode ;
( void ) mods ;
i f ( a c t i on == GLFW PRESS)

glfwSetWindowShouldClose (window , GL TRUE) ;
}

465

// entry po int
extern i n t main ( i n t argc , char ∗∗ argv )
{

( void ) argv ;
470 i n t RECORD = argc > 1 ;

// s t a r t OpenGL 3 .3 core p r o f i l e 1920 x1080 f u l l s c r e en
i n t w = 1920 ;
i n t h = 1080 ;
g l fw I n i t ( ) ;

475 glfwWindowHint (GLFW CLIENT API, GLFW OPENGL API) ;
glfwWindowHint (GLFWCONTEXTVERSIONMAJOR, 3) ;
glfwWindowHint (GLFWCONTEXT VERSIONMINOR, 3) ;
glfwWindowHint (GLFW OPENGL PROFILE, GLFWOPENGL CORE PROFILE) ;
glfwWindowHint (GLFWOPENGLFORWARDCOMPAT, GL TRUE) ;

480 glfwWindowHint (GLFW RESIZABLE, GL FALSE) ;
glfwWindowHint (GLFWDECORATED, GL FALSE) ;
GLFWwindow ∗window = glfwCreateWindow (w, h , ”meshwalk ” , 0 , 0) ;
glfwMakeContextCurrent (window) ;
gl fwSetKeyCal lback (window , keycb ) ;

485 glewExperimental = GL TRUE;
g l ew In i t ( ) ;
g lGetError ( ) ; // d i s ca rd common e r r o r from glew
// s e t up ver tex array ob j e c t
g lC l ea rCo lo r (0 , 1 , 0 , 1) ;

490 GLuint vao ;
glGenVertexArrays (1 , &vao ) ;
glBindVertexArray ( vao ) ;
// s e t up bu f f e r
GLuint vbo ;
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495 g lGenBuf fers (1 , &vbo ) ;
g lB indBuf f e r (GL ARRAY BUFFER, vbo ) ;
g lBuf fe rData (GL ARRAY BUFFER, s i z e o f ( t ) , 0 , GLDYNAMICDRAW) ;
// s e t up f ramebu f f e r
GLuint fbo ;

500 glGenFramebuffers (1 , &fbo ) ;
g lBindFramebuffer (GL FRAMEBUFFER, fbo ) ;
GLuint tex ;
glGenTextures (1 , &tex ) ;
glBindTexture (GL TEXTURE 2D MULTISAMPLE, tex ) ;

505 glTexImage2DMultisample (GL TEXTURE 2D MULTISAMPLE, 8 , GL RGB, w, h , GL FALSE) ;
glFramebufferTexture2D (GL FRAMEBUFFER, GLCOLORATTACHMENT0, ⤦

Ç GL TEXTURE 2D MULTISAMPLE, tex , 0) ;
GLenum sta tu s = glCheckFramebuf ferStatus (GLFRAMEBUFFER) ;
i f ( s t a tu s != GLFRAMEBUFFERCOMPLETE)

f p r i n t f ( s tde r r , ”GL FRAMEBUFFER STATUS %d\n” , s t a tu s ) ;
510 // s e t up shader

const char ∗ s v e r t e x =
”#ve r s i on 330 core \n”
”uniform mat4 MVP;\n”
” layout ( l o c a t i o n = 0) in vec3 po s i t i o n ;\n”

515 ” f l a t out i n t c ;\n”
” void main ( ) \n”
”{\n”
” c = in t ( p o s i t i o n . z ) ;\n”
” g l P o s i t i o n = MVP ∗ vec4 ( p o s i t i o n . xy , 0 . 0 , 1 . 0 ) ;\n”

520 ”}\n”
;

const char ∗ s f ragment =
”#ve r s i on 330 core \n”
” f l a t in i n t c ;\n”

525 ” layout ( l o c a t i o n = 0) out vec4 co l our ;\n”
” void main ( ) \n”
”{\n”
” vec3 blue = vec3 ( 0 . 0 , 0 . 5 , 1 . 0 ) ;\n”
” vec3 white = vec3 ( 1 . 0 ) ;\n”

530 ” vec3 red = vec3 ( 1 . 0 , 0 . 2 , 0 . 0 ) ;\n”
” vec3 black = vec3 ( 0 . 0 ) ;\n”
” co l our = vec4 ( vec3 [ 4 ] ( blue , white , red , b lack ) [ c ] , 1 . 0 ) ;\n”
”}\n”

;
535 GLuint d i sp l ay = ver t ex f ragment shader ( s ve r t ex , s f ragment ) ;

glUseProgram ( d i sp l ay ) ;
GLfloat m[ 4 ] [ 4 ] = // ortho2d

{ { 4 .0 / W, 0 , 0 , 0 }
, { 0 , 4 . 0 / H, 0 , 0 }

540 , { 0 , 0 , −1 , 0 }
, { −1 , −1 , 0 , 1 }
} ;

GLint u MVP = glGetUniformLocation ( d i sp lay , ”MVP”) ;
g lUni formMatrix4fv (u MVP, 1 , GL FALSE, &m[ 0 ] [ 0 ] ) ;

545 g lVer t exAtt r ibPo in te r (0 , 3 , GL FLOAT, GL FALSE, 0 , 0) ;
g lEnableVertexAttr ibArray (0 ) ;
// prepare
i n i t ( ) ;
SF INFO in f o = { 0 , 48000 , 2 , SF FORMATWAV | SF FORMAT FLOAT, 0 , 0 } ;

550 SNDFILE ∗ s n d f i l e = 0 ;
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unsigned char ∗ video = 0 ;
i f (RECORD)
{

s n d f i l e = s f open (”meshwalk −2.0 a . wav” , SFM WRITE, &i n f o ) ;
555 video = mal loc (w ∗ h ∗ 3) ;

// wr i t e 3 seconds s i l e n c e f o r t i t l e
f l o a t frames [SR/FPS ] [ 2 ] ;
f o r ( i n t i = 0 ; i < SR/FPS ; ++i )

f o r ( i n t c = 0 ; c < 2 ; ++c )
560 frames [ i ] [ c ] = 0 ;

f o r ( i n t k = 0 ; k < 3 ∗ FPS ; ++k)
s f w r i t e f f l o a t ( s nd f i l e , &frames [ 0 ] [ 0 ] , SR/FPS) ;

}
e l s e

565 {
i f ( ! ( c l i e n t = j a c k c l i e n t o p e n (”meshwalk ” , JackNoStartServer , 0) ) ) {

f p r i n t f ( s tde r r , ” jack s e r v e r not running ?\n”) ;
r e turn 1 ;

}
570 j a c k s e t p r o c e s s c a l l b a c k ( c l i e n t , processcb , 0) ;

/∗ c r e a t e por t s ∗/
port [ 0 ] = j a c k p o r t r e g i s t e r (

c l i e n t , ” output 1 ” , JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0
) ;

575 port [ 1 ] = j a c k p o r t r e g i s t e r (
c l i e n t , ” output 2 ” , JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0

) ;
/∗ a c t i v a t e audio ∗/
i f ( j a c k a c t i v a t e ( c l i e n t ) ) {

580 f p r i n t f ( s tde r r , ” cannot a c t i v a t e JACK c l i e n t ”) ;
r e turn 1 ;

}
/∗ must be ac t i va t ed be f o r e connect ing JACK port s ∗/
const char ∗∗ por t s ;

585 i f ( ( por t s = j a c k g e t p o r t s (
c l i e n t , NULL, NULL, JackPort I sPhys i ca l | JackPortIs Input

) ) ) {
/∗ connect up to two phy s i c a l playback por t s ∗/
i n t i = 0 ;

590 whi le ( por t s [ i ] && i < 2) {
i f ( j a ck connec t (

c l i e n t , jack port name ( port [ i ] ) , por t s [ i ]
) ) {

f p r i n t f ( s tde r r , ” cannot connect output port \n”) ;
595 }

i++;
}
f r e e ( por t s ) ;

}
600 }

// main loop
g l fwPol lEvents ( ) ;
f o r ( i n t k = 0 ; ! glfwWindowShouldClose (window) ; ++k)
{

605 // step
even ( ) ;
odd (k ) ;
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i f ( k > 0x3FFFF)
{

610 t r i s ( ) ;
g lBindFramebuffer (GL FRAMEBUFFER, fbo ) ;
g lBufferSubData (GL ARRAY BUFFER, 0 , s i z e o f ( t ) , t ) ;
g lC l ea r (GL COLOR BUFFER BIT) ;
glDrawArrays (GL TRIANGLES, 0 , (H/2 + 2) ∗ (W/2 + 2) ∗ 2 ∗ 2 ∗ 3) ;

615 glBindFramebuffer (GLDRAWFRAMEBUFFER, 0) ;
g lB l i tFramebu f f e r

( 0 , 0 , w, h
, 0 , 0 , w, h
, GL COLOR BUFFER BIT, GL LINEAR

620 ) ;
i f (RECORD)
{

f l o a t audio [ 2 ] [ SR/FPS ] ;
audiocb(&audio [ 0 ] [ 0 ] , &audio [ 1 ] [ 0 ] , SR/FPS) ;

625 f l o a t frames [SR/FPS ] [ 2 ] ;
f o r ( i n t i = 0 ; i < SR/FPS ; ++i )

f o r ( i n t c = 0 ; c < 2 ; ++c )
frames [ i ] [ c ] = audio [ c ] [ i ] ;

s f w r i t e f f l o a t ( s nd f i l e , &frames [ 0 ] [ 0 ] , SR/FPS) ;
630 // download output frame

glBindFramebuffer (GL READ FRAMEBUFFER, 0) ;
g lReadPixe l s (0 , 0 , w, h , GL RGB, GL UNSIGNED BYTE, video ) ;
// output PPM to stdout ( f l i p p e d v e r t i c a l l y )
p r i n t f (”P6\n%d %d\n255\n” , w, h) ;

635 fw r i t e ( video , w ∗ h ∗ 3 , 1 , s tdout ) ;
}
// r ed i s p l a y
gl fwSwapBuffers (window) ;
g l fwPo l lEvents ( ) ;

640 i f (RECORD && k >= 0x3FFFF + (4 ∗ 60 − 6) ∗ FPS)
break ;

GLuint e ;
whi l e ( ( e = glGetError ( ) ) ) f p r i n t f ( s tde r r , ”GL ERROR %d\n” , e ) ;

}
645 }

// cleanup
i f (RECORD)
{

// wr i t e 3 seconds s i l e n c e f o r c r e d i t s
650 f l o a t frames [SR/FPS ] [ 2 ] ;

f o r ( i n t i = 0 ; i < SR/FPS ; ++i )
f o r ( i n t c = 0 ; c < 2 ; ++c )

frames [ i ] [ c ] = 0 ;
f o r ( i n t k = 0 ; k < 3 ∗ FPS ; ++k)

655 s f w r i t e f f l o a t ( s nd f i l e , &frames [ 0 ] [ 0 ] , SR/FPS) ;
s f c l o s e ( s n d f i l e ) ;
f r e e ( v ideo ) ;

}
e l s e

660 {
j a c k c l i e n t c l o s e ( c l i e n t ) ;

}
glfwDestroyWindow (window) ;
gl fwTerminate ( ) ;
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665 re turn 0 ;
}
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\ l s t s e t {numbers=l e f t , numberstyle=\ s c r i p t s i z e }

\begin {document}
20 \maket i t l e

\ l s t i n p u t l i s t i n g [ language=C, b r e ak l i n e s=true , breakatwhitespace=true ]{meshwalk⤦
Ç −2 . 0 . c}

\end{document}

59 meshwalk/meshwalk-2.0-title-and-credits.tex

\documentclass { a r t i c l e }
\usepackage { lmodern}

\begin {document}
5

\ c en t e r i ng
\Huge
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15

\end{document}

60 meshwalk/meshwalk-2.0-title.png

61 meshwalk/meshwalk-3.0.c

/∗
meshwalk −− aud i ov i sua l drone
Copyright (C) 2018 Claude Heiland −Allen <claude@mathr . co . uk>

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <https : //www. gnu . org / l i c e n s e s />.

∗/
/∗
# bui ld ( or use ‘make ‘ )

20 gcc −std=c99 −Wall −Wextra −pedant ic \
−Ofast − f f a s t −math −march=nat ive −fopenmp \
−o meshwalk −3.0 meshwalk −3 . 0 . c \
− l j a c k − l s n d f i l e −lGLEW −lGL − l g l fw −lm

25 # rea l t ime mode with JACK audio , p r e s s Q to e x i t
. / meshwalk −3.0

# render
(
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30 f o r i in $ ( seq 180) ; do pngtopnm < meshwalk −3.0− t i t l e . png ; done |
f fmpeg −r 60 − i − −vf fade=in : 3 0 : 3 0 , fade=out : 1 20 : 3 0 − f image2pipe −codec : v ppm⤦

Ç −

. / meshwalk −3.0 −nrt
f o r i in $ ( seq 180) ; do pngtopnm < meshwalk −3.0− c r e d i t s . png ; done |
f fmpeg −r 60 − i − −vf fade=in : 3 0 : 3 0 , fade=out : 1 20 : 3 0 − f image2pipe −codec : v ppm⤦

Ç −

35 ) |
f fmpeg − f ramerate 60 − i − −codec : v png −y meshwalk −3.0 v .mkv
ffmpeg − i meshwalk −3.0 v .mkv − i meshwalk −3.0 a . wav \
−codec : v copy −codec : a copy −movflags +f a s t s t a r t \
−y meshwalk −3 . 0 .mkv

40 f fmpeg − i meshwalk −3 . 0 .mkv \
−pix fmt yuv420p − p r o f i l e : v high − l e v e l : v 5 .1 −tune : v animation \
− c r f : v 20 −b : a 512k −movflags +f a s t s t a r t \
−y meshwalk −3.0 m .mp4

python2 . 7 . . / . . / . . / g ithub . com/ goog l e / spa t i a l −media/ spat i a lmed ia \
45 − i −− s pa t i a l −audio meshwalk −3.0 m .mp4 meshwalk −3 . 0 .mp4

∗/

#inc lude <a s s e r t . h>
#inc lude < l im i t s . h>

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

55

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

#inc lude <j ack / jack . h>
60 #inc lude <s n d f i l e . h>

#de f i n e p i 3 .141592653 f

#de f i n e SR 48000
65 #de f i n e FPS 60

#de f i n e SUB 1
#de f i n e OSCILLATORS 4000
#de f i n e GAIN (1 . 0 f /8 .0 f )

70 #de f i n e DEBUG AMBISONICS 0
#de f i n e DEBUG AMBISONICS SPIN 0 //(2 ∗ pi / FPS / 12)
#de f i n e DEBUG AMBISONICS AXES 0

#de f i n e DRAWCLEAR 0
75 #de f i n e DRAWVORONOI 0

#de f i n e DRAW LINES 0
#de f i n e DRAWPOINTS 0
#de f i n e DRAWTRAILS 0

80 #de f i n e R0 (6 / SUB)
#de f i n e W (8192 / SUB)
#de f i n e H (4096 / SUB)

#de f i n e WINW 1024
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85 #de f i n e WINH 512

// note : must be <= 4000 ( l im i t s e t in fragment shader )
#de f i n e N OSCILLATORS
#de f i n e B 12

90

// one−po le one−zero low pass f i l t e r des igned in the Z plane

typede f f l o a t sample ;

95 typede f s t r u c t {
sample x , b ;
double y , a ;

} LOP1;

100 s t a t i c i n l i n e LOP1 ∗ l o p 1 i n i t (LOP1 ∗ s , sample hz )
{

const double w = 2 ∗ pi ∗ fmin f ( fmaxf ( f abs ( hz / SR) , 0) , ( sample ) 0 . 5 ) ;
const double a = (1 − s i n (w) ) / cos (w) ;
const double b = (1 − a ) / 2 ;

105 s−>a = a ;
s−>b = b ;
s−>x = 0 ;
s−>y = 0 ;
re turn s ;

110 }

s t a t i c i n l i n e sample lop1 (LOP1 ∗ s , sample x )
{

const double y = s−>b ∗ ( x + s−>x ) + s−>a ∗ s−>y ;
115 s−>x = x ;

s−>y = y ;
re turn y ;

}

120

f l o a t DISTANCE;
f l o a t Ky;
f l o a t K;
f l o a t sqrtK ;

125 const f l o a t dt = 1 .0 f / FPS ;
const f l o a t SPEED = 2.0 ∗ s q r t f ( 1 . 0 f / N) ;

GLint u po s i t i o n ;
GLfloat p o s i t i o n [N ] [ 4 ] ;

130

GLfloat V [ 3 ] [ 3 ] = { { 1 , 0 , 0 } , { 0 , 1 , 0 } , { 0 , 0 , 1 } } ;

f l o a t f o cus [ 3 ] ;

135 const f l o a t sp in axe s [ 4 ] [ 3 ] =
{ { −1 , −1 , −1 }
, { 1 , 1 , −1 }
, { 1 , −1 , 1 }
, { −1 , 1 , 1 }

140 } ;
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i n t o s c i l l a t o r t a r g e t s [OSCILLATORS ] ;

LOP1 o u t p u t f i l t e r s [ 1 6 ] ;
145

typede f s t r u c t { f l o a t f ; i n t i ; } i ndex t ;

typede f s t r u c t
{

150 f l o a t x , y , z , dx , dy , dz , ddx , ddy , ddz , speed ;
i ndex t nbnb [B ∗ B + B ] ;
i n t nb [B ] ;
i n t count ;

} node ;
155

node atom [N ] ;
i n t wh i c h o s c i l l a t o r b u f f e r = 0 ;
i ndex t o s c i l l a t o r s [ 3 ] [N ] ;

160 s t a t i c i n l i n e u i n t 32 t hash ( u i n t 32 t a )
{

a = ( a+0x7ed55d16u ) + (a<<12) ;
a = ( aˆ0 xc761c23cu ) ˆ (a>>19) ;
a = ( a+0x165667b1u ) + (a<<5) ;

165 a = ( a+0xd3a2646cu ) ˆ (a<<9) ;
a = ( a+0xfd7046c5u ) + (a<<3) ;
a = ( aˆ0 xb55a4f09u ) ˆ (a>>16) ;
r e turn a ;

}
170

// GLFW keyboard ca l l ba ck
s t a t i c void keycb

( GLFWwindow ∗window
, i n t key

175 , i n t scancode
, i n t ac t i on
, i n t mods
)

{
180 ( void ) key ;

( void ) scancode ;
( void ) mods ;
i f ( a c t i on == GLFW PRESS)

glfwSetWindowShouldClose (window , GL TRUE) ;
185 }

v o l a t i l e i n t i n aud i o cb = 0 ;
f l o a t audio xyz [N ] [ 3 ] ;
s t a t i c void audiocb ( f l o a t ∗output [ 1 6 ] , i n t n , i n t f )

190 {
f l o a t out [ 1 6 ] [ n ] ;
i n aud i o cb = 1 ;
i n t source = wh i c h o s c i l l a t o r b u f f e r ;
f o r ( i n t o = 0 ; o < OSCILLATORS && o < N; ++o )

195 {
i n t i = o s c i l l a t o r s [ source ] [ o ] . i ;
o s c i l l a t o r s [ 2 ] [ o ] = o s c i l l a t o r s [ source ] [ o ] ;
f l o a t x = atom [ i ] . x ;
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f l o a t y = atom [ i ] . y ;
200 f l o a t z = atom [ i ] . z ;

audio xyz [ o ] [ 0 ] = V[ 0 ] [ 0 ] ∗ x + V[ 0 ] [ 1 ] ∗ y + V[ 0 ] [ 2 ] ∗ z ;
audio xyz [ o ] [ 1 ] = V[ 1 ] [ 0 ] ∗ x + V[ 1 ] [ 1 ] ∗ y + V[ 1 ] [ 2 ] ∗ z ;
audio xyz [ o ] [ 2 ] = V[ 2 ] [ 0 ] ∗ x + V[ 2 ] [ 1 ] ∗ y + V[ 2 ] [ 2 ] ∗ z ;

}
205 i n aud i o cb = 0 ;

f o r ( i n t c = 0 ; c < 16 ; ++c )
f o r ( i n t t = 0 ; t < n ; ++t )

out [ c ] [ t ] = 0 ;
f o r ( i n t o = 0 ; o < OSCILLATORS && o < N; ++o )

210 {
i n t i = o s c i l l a t o r s [ 2 ] [ o ] . i ;
f l o a t amp = o s c i l l a t o r s [ 2 ] [ o ] . f ;
f l o a t x = audio xyz [ o ] [ 0 ] ;
f l o a t y = audio xyz [ o ] [ 1 ] ;

215 f l o a t z = audio xyz [ o ] [ 2 ] ;
f l o a t f a c t o r [ 1 6 ] ;
// order 0
f a c t o r [ 0 ] = 1 ;
// order 1

220 f a c t o r [ 1 ] = y ;
f a c t o r [ 2 ] = z ;
f a c t o r [ 3 ] = x ;
// order 2
f a c t o r [ 4 ] = sq r t (3 ) ∗ x ∗ y ;

225 f a c t o r [ 5 ] = sq r t (3 ) ∗ y ∗ z ;
f a c t o r [ 6 ] = 1/2 . ∗ (3 ∗ z ∗ z − 1) ;
f a c t o r [ 7 ] = sq r t (3 ) ∗ x ∗ z ;
f a c t o r [ 8 ] = sq r t ( 3 / 4 . ) ∗ ( x ∗ x − y ∗ y ) ;
// order 3

230 f a c t o r [ 9 ] = sq r t ( 5 / 8 . ) ∗ y ∗ (3 ∗ x ∗ x − y ∗ y ) ;
f a c t o r [ 1 0 ] = sq r t (15) ∗ x ∗ y ∗ z ;
f a c t o r [ 1 1 ] = sq r t ( 3 / 8 . ) ∗ y ∗ (5 ∗ z ∗ z − 1) ;
f a c t o r [ 1 2 ] = 1/2 . ∗ z ∗ (5 ∗ z ∗ z − 3) ;
f a c t o r [ 1 3 ] = sq r t ( 3 / 8 . ) ∗ x ∗ (5 ∗ z ∗ z − 1) ;

235 f a c t o r [ 1 4 ] = sq r t ( 1 5/4 . ) ∗ z ∗ ( x ∗ x − y ∗ y ) ;
f a c t o r [ 1 5 ] = sq r t ( 5 / 8 . ) ∗ x ∗ ( x ∗ x − 3 ∗ y ∗ y ) ;
i n t per iod = (720 + ( ( i % 15) −7) ) / ( ( i % 4) + 1) ;
f l o a t osc [ n ] ;
f o r ( i n t t = 0 ; t < n ; ++t )

240 osc [ t ] = hash ( hash ( ( f + t ) % per iod ) ∗ N + i ) / ( f l o a t ) UINTMAX − 0 .5 f ;
f o r ( i n t c = 0 ; c < 16 ; ++c )
{

f a c t o r [ c ] ∗= amp;
f o r ( i n t t = 0 ; t < n ; ++t )

245 out [ c ] [ t ] += osc [ t ] ∗ f a c t o r [ c ] ;
}

}
f l o a t l e v e l = GAIN;
f o r ( i n t c = 0 ; c < 16 ; ++c )

250 f o r ( i n t t = 0 ; t < n ; ++t )
output [ c ] [ t ] = lop1(& o u t p u t f i l t e r s [ c ] , out [ c ] [ t ] ∗ l e v e l ) ;

}

j a c k c l i e n t t ∗ c l i e n t ;
255 j a c k p o r t t ∗port [ 1 6 ] ;
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s t a t i c i n t proce s scb ( j a ck n f r ames t nframes , void ∗ arg ) {
( void ) arg ;
s t a t i c j a ck n f r ames t f = 0 ;
j a c k d e f au l t aud i o s amp l e t ∗out [ 1 6 ] ;

260 f o r ( i n t c = 0 ; c < 16 ; ++c )
{

out [ c ] = j a c k p o r t g e t b u f f e r ( port [ c ] , nframes ) ;
f o r ( j a ck n f r ames t t = 0 ; t < nframes ; ++t )

out [ c ] [ t ] = 0 ;
265 }

audiocb ( out , nframes , f ) ;
f += nframes ;
r e turn 0 ;

}
270

s t a t i c void debug program (GLuint program ) {
GLint s t a tu s = 0 ;
glGetProgramiv ( program , GL LINK STATUS, &s ta tu s ) ;

275 GLint l ength = 0 ;
glGetProgramiv ( program , GL INFO LOG LENGTH, &length ) ;
char ∗ i n f o = 0 ;
i f ( l ength ) {

i n f o = mal loc ( l ength + 1) ;
280 i n f o [ 0 ] = 0 ;

glGetProgramInfoLog ( program , length , 0 , i n f o ) ;
i n f o [ l ength ] = 0 ;

}
i f ( ( i n f o && in f o [ 0 ] ) | | ! s t a tu s ) {

285 f p r i n t f ( s tde r r , ”program l i n k i n f o :\n%s ” , i n f o ? i n f o : ”( no i n f o l og ) ”) ;
}
i f ( i n f o ) {

f r e e ( i n f o ) ;
}

290 }

s t a t i c void debug shader (GLuint shader , GLenum type , const char ∗ source ) {
GLint s t a tu s = 0 ;
g lGetShader iv ( shader , GL COMPILE STATUS, &s ta tu s ) ;

295 GLint l ength = 0 ;
g lGetShader iv ( shader , GL INFO LOG LENGTH, &length ) ;
char ∗ i n f o = 0 ;
i f ( l ength ) {

i n f o = mal loc ( l ength + 1) ;
300 i n f o [ 0 ] = 0 ;

glGetShaderInfoLog ( shader , length , 0 , i n f o ) ;
i n f o [ l ength ] = 0 ;

}
i f ( ( i n f o && in f o [ 0 ] ) | | ! s t a tu s ) {

305 const char ∗ t yp e s t r = ”unknown ” ;
switch ( type ) {

case GL VERTEX SHADER: t yp e s t r = ” ver tex ” ; break ;
case GL FRAGMENT SHADER: t yp e s t r = ” fragment ” ; break ;
case GL COMPUTE SHADER: t yp e s t r = ”compute ” ; break ;

310 }
f p r i n t f

( s t d e r r
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, ”%s shader compi le i n f o :\n%s \nshader source :\n%s”
, t yp e s t r

315 , i n f o ? i n f o : ”( no i n f o l og ) ”
, source ? source : ”( no source ) ”
) ;

}
i f ( i n f o ) {

320 f r e e ( i n f o ) ;
}

}

s t a t i c GLuint ve r t ex f ragment shader ( const char ∗vert , const char ∗ f r a g ) {
325 GLuint program = glCreateProgram ( ) ;

{
GLuint shader = glCreateShader (GL VERTEX SHADER) ;
g lShaderSource ( shader , 1 , &vert , 0) ;
glCompileShader ( shader ) ;

330 debug shader ( shader , GL VERTEX SHADER, ver t ) ;
g lAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

}
{

335 GLuint shader = glCreateShader (GL FRAGMENT SHADER) ;
g lShaderSource ( shader , 1 , &frag , 0) ;
glCompileShader ( shader ) ;
debug shader ( shader , GL FRAGMENT SHADER, f r ag ) ;
g lAttachShader ( program , shader ) ;

340 g lDe le teShader ( shader ) ;
}
glLinkProgram ( program ) ;
debug program ( program ) ;
re turn program ;

345 }

i n t cmp index f ( const void ∗a , const void ∗b)
{

const i ndex t ∗p = a ;
350 const i ndex t ∗q = b ;

const f l o a t x = p−> f ;
const f l o a t y = q−> f ;
r e turn (x > y ) − ( x < y ) ;

}
355

i n t cmp index f r ev ( const void ∗a , const void ∗b)
{

re turn −cmp index f ( a , b ) ;
}

360

void upload uni forms ( void )
{

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

365 f l o a t x = atom [ i ] . x ;
f l o a t y = atom [ i ] . y ;
f l o a t z = atom [ i ] . z ;
p o s i t i o n [ i ] [ 0 ] = V[ 0 ] [ 0 ] ∗ x + V[ 0 ] [ 1 ] ∗ y + V[ 0 ] [ 2 ] ∗ z ;
p o s i t i o n [ i ] [ 1 ] = V[ 1 ] [ 0 ] ∗ x + V[ 1 ] [ 1 ] ∗ y + V[ 1 ] [ 2 ] ∗ z ;
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370 po s i t i o n [ i ] [ 2 ] = V[ 2 ] [ 0 ] ∗ x + V[ 2 ] [ 1 ] ∗ y + V[ 2 ] [ 2 ] ∗ z ;
p o s i t i o n [ i ] [ 3 ] = 1 ;

}
glUni form4fv ( u po s i t i on , N, &po s i t i o n [ 0 ] [ 0 ] ) ;

}
375

unsigned char ppm[4096/SUB] [ 8 192/SUB ] [ 3 ] ;

void i n s e r t b y d i s t a n c e ( i n t i , i n t k , f l o a t d)
380 {

i n t b ;
f o r (b = 0 ; b < B && b < atom [ i ] . count ; ++b)
{

i f (d < atom [ i ] . nbnb [ b ] . f ) break ;
385 }

i f (b < B)
{

f o r ( i n t c = B − 1 ; c > b ; −−c )
{

390 atom [ i ] . nbnb [ c ] = atom [ i ] . nbnb [ c − 1 ] ;
}
atom [ i ] . nbnb [ b ] . f = d ;
atom [ i ] . nbnb [ b ] . i = k ;
i f ( atom [ i ] . count < B) atom [ i ] . count += 1 ;

395 }
}

i n t f i n d t a r g e t ( f l o a t tx , f l o a t ty , f l o a t tz )
{

400 f l o a t md = −2 .0 ;
i n t i x = −1;
f o r ( i n t i = 0 ; i < N; ++i )
{

f l o a t d = atom [ i ] . x ∗ tx + atom [ i ] . y ∗ ty + atom [ i ] . z ∗ tz ;
405 i f (d > md)

{
md = d ;
ix = i ;

}
410 }

re turn ix ;
}

void i n i t ( void )
415 {

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

#de f i n e U ( rand ( ) / ( f l o a t ) RANDMAX)
f l o a t R;

420 f l o a t t = 2 ∗ pi ∗ ( i + U) / N;
f l o a t s = 2 .0 ∗ (U − 0 . 5 ) ;

atom [ i ] . x = co s f ( t ) ∗ c o s f ( a s i n f ( s ) ) ;
atom [ i ] . y = s i n f ( t ) ∗ c o s f ( a s i n f ( s ) ) ;
atom [ i ] . z = s ;

425 R = atom [ i ] . x ∗ atom [ i ] . x + atom [ i ] . y ∗ atom [ i ] . y + atom [ i ] . z ∗ atom [ i ] . z ;
R = s q r t f (R) ;
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atom [ i ] . x /= R;
atom [ i ] . y /= R;
atom [ i ] . z /= R;

430 atom [ i ] . dx = 0 ;
atom [ i ] . dy = 0 ;
atom [ i ] . dz = 0 ;
#undef U

}
435 #pragma omp p a r a l l e l f o r

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

atom [ i ] . count = 0 ;
f o r ( i n t k = 0 ; k < N; ++k)

440 {
i f ( i == k) cont inue ;
f l o a t dx = atom [ i ] . x − atom [ k ] . x ;
f l o a t dy = atom [ i ] . y − atom [ k ] . y ;
f l o a t dz = atom [ i ] . z − atom [ k ] . z ;

445 f l o a t d = dx ∗ dx + dy ∗ dy + dz ∗ dz ;
i n s e r t b y d i s t a n c e ( i , k , d ) ;

}
a s s e r t ( atom [ i ] . count == B) ;
f o r ( i n t b = 0 ; b < B; ++b)

450 {
atom [ i ] . nb [ b ] = atom [ i ] . nbnb [ b ] . i ;

}
}

}
455

s t a t i c void f i e l d a t a t om ( f l o a t ∗ddx , f l o a t ∗ddy , f l o a t ∗ddz , i n t i )
{

∗ddx = 0 ;
∗ddy = 0 ;

460 ∗ddz = 0 ;
i n t j = i % 4 ;
f o r ( i n t b = 0 ; b < B; ++b)
{

i n t k = atom [ i ] . nb [ b ] ;
465 i n t l = k % 4 ;

f l o a t dx = atom [ k ] . x − atom [ i ] . x ;
f l o a t dy = atom [ k ] . y − atom [ i ] . y ;
f l o a t dz = atom [ k ] . z − atom [ i ] . z ;
f l o a t d2 = dx ∗ dx + dy ∗ dy + dz ∗ dz ;

470 i f ( d2 == 0) cont inue ;
f l o a t d = s q r t f ( d2 ) ;
f l o a t F = 0 . 0 ;
F += 1 / (d2 ∗ K) ;
i f ( l != j )

475 F −= 1 / (d ∗ sqrtK ) ;
e l s e

F ∗= 2 ;
∗ddx −= F ∗ dx / d ;
∗ddy −= F ∗ dy / d ;

480 ∗ddz −= F ∗ dz / d ;
}
i f ( i snan (∗ddx ) ) ∗ddx = 0 ;
i f ( i snan (∗ddy ) ) ∗ddy = 0 ;
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i f ( i snan (∗ddz ) ) ∗ddz = 0 ;
485 }

void i n s e r t by i nd ex ( i n t i , i n t k , f l o a t d)
{

f o r ( i n t b = 0 ; b < atom [ i ] . count ; ++b)
490 {

i f ( atom [ i ] . nbnb [ b ] . i == k) return ;
}
i f ( atom [ i ] . count < B ∗ B + B)
{

495 atom [ i ] . nbnb [ atom [ i ] . count ] . f = d ;
atom [ i ] . nbnb [ atom [ i ] . count ] . i = k ;
atom [ i ] . count += 1 ;

}
}

500

void s o r t by d i s t a n c e ( i n t i )
{

qso r t (&atom [ i ] . nbnb [ 0 ] , atom [ i ] . count , s i z e o f ( atom [ i ] . nbnb [ 0 ] ) , cmp index f ) ;
}

505

f l o a t metr ic = 0 ;
void update nea re s t ne i ghbour s ( )
{

f l o a t m = 0 . 0 ;
510 f o r ( i n t i = 0 ; i < N; ++i )

{
atom [ i ] . count = 0 ;
f o r ( i n t b = 0 ; b < B; ++b)
{

515 i n t j = atom [ i ] . nb [ b ] ;
{

f l o a t dx = atom [ i ] . x − atom [ j ] . x ;
f l o a t dy = atom [ i ] . y − atom [ j ] . y ;
f l o a t dz = atom [ i ] . z − atom [ j ] . z ;

520 f l o a t d = dx ∗ dx + dy ∗ dy + dz ∗ dz ;
i f ( i != j )
i n s e r t by i nd ex ( i , j , d ) ;

}
f o r ( i n t c = 0 ; c < B; ++c )

525 {
i n t k = atom [ j ] . nb [ c ] ;
i f ( i == k) cont inue ;
f l o a t dx = atom [ i ] . x − atom [ k ] . x ;
f l o a t dy = atom [ i ] . y − atom [ k ] . y ;

530 f l o a t dz = atom [ i ] . z − atom [ k ] . z ;
f l o a t d = dx ∗ dx + dy ∗ dy + dz ∗ dz ;
i n s e r t by i nd ex ( i , k , d ) ;

}
}

535 a s s e r t ( atom [ i ] . count >= B) ;
s o r t by d i s t a n c e ( i ) ;
f o r ( i n t b = 0 ; b < B; ++b)

atom [ i ] . nb [ b ] = atom [ i ] . nbnb [ b ] . i ;
m = fmaxf (m, atom [ i ] . nbnb [B−1 ] . f ) ;

540 }
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metr ic = m;
}

void upda t e o s c i l l a t o r amp l i t ud e s ( void )
545 {

i n t des t = 1 − wh i c h o s c i l l a t o r b u f f e r ;
#i f 0

i n t l = 0 ;
f o r ( i n t i = −1; i <= 1 ; i += 1)

550 f o r ( i n t j = −1; j <= 1 ; j += 1)
f o r ( i n t k = −1; k <= 1 ; k += 1)
{

i f ( l >= OSCILLATORS) break ;
i f ( i == 0 && j == 0 && k == 0) cont inue ;

555 o s c i l l a t o r t a r g e t s [ l ] = f i n d t a r g e t ( i , j , k ) ;
++l ;

}
f o r ( i n t i = 0 ; i < OSCILLATORS && i < N; ++i )
{

560 o s c i l l a t o r s [ des t ] [ i ] . i = o s c i l l a t o r t a r g e t s [ i ] ;
o s c i l l a t o r s [ des t ] [ i ] . f = powf ( atom [ o s c i l l a t o r t a r g e t s [ i ] ] . speed , 8 . 0 ) ;

}
qso r t (& o s c i l l a t o r s [ des t ] [ 0 ] , OSCILLATORS < N ? OSCILLATORS : N, s i z e o f (⤦

Ç o s c i l l a t o r s [ 0 ] [ 0 ] ) , cmp index f r ev ) ;
#e l s e

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

o s c i l l a t o r s [ des t ] [ i ] . i = i ;
o s c i l l a t o r s [ des t ] [ i ] . f = powf ( atom [ i ] . speed , 8 . 0 ) ;

}
570 // qso r t (& o s c i l l a t o r s [ des t ] [ 0 ] , N, s i z e o f ( o s c i l l a t o r s [ 0 ] [ 0 ] ) , cmp index f r ev ) ;

#end i f
whi l e ( i n aud i o cb )

; // sp in in case audio ca l l ba ck i s copying prev ious data
wh i c h o s c i l l a t o r b u f f e r = dest ;

575 // return atom [ o s c i l l a t o r s [ des t ] [ OSCILLATORS − 1 ] . i ] . speed ;
}

void step ( void )
{

580 f o r ( i n t i = 0 ; i < N; ++i )
f i e l d a t a t om (&atom [ i ] . ddx , &atom [ i ] . ddy , &atom [ i ] . ddz , i ) ;

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

atom [ i ] . dx += atom [ i ] . ddx ∗ dt ;
585 atom [ i ] . dy += atom [ i ] . ddy ∗ dt ;

atom [ i ] . dz += atom [ i ] . ddz ∗ dt ;
// d = normal ize ( c r o s s (p , c r o s s (p , d) ) )
f l o a t a1 = atom [ i ] . x ;
f l o a t a2 = atom [ i ] . y ;

590 f l o a t a3 = atom [ i ] . z ;
f l o a t b1 = atom [ i ] . dx ;
f l o a t b2 = atom [ i ] . dy ;
f l o a t b3 = atom [ i ] . dz ;
f l o a t s1 = a2 ∗ b3 − a3 ∗ b2 ;

595 f l o a t s2 = a3 ∗ b1 − a1 ∗ b3 ;
f l o a t s3 = a1 ∗ b2 − a2 ∗ b1 ;
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f l o a t t1 = a2 ∗ s3 − a3 ∗ s2 ;
f l o a t t2 = a3 ∗ s1 − a1 ∗ s3 ;
f l o a t t3 = a1 ∗ s2 − a2 ∗ s1 ;

600 f l o a t t = − s q r t f ( t1 ∗ t1 + t2 ∗ t2 + t3 ∗ t3 ) ;
atom [ i ] . dx = t1 / t ;
atom [ i ] . dy = t2 / t ;
atom [ i ] . dz = t3 / t ;

}
605 f o r ( i n t i = 0 ; i < N; ++i )

{
f l o a t ox = atom [ i ] . x ;
f l o a t oy = atom [ i ] . y ;
f l o a t oz = atom [ i ] . z ;

610 // boost = exp ( dot ( o , f o cu s ) ) ;
f l o a t boost = expf ( ox ∗ f o cu s [ 0 ] + oy ∗ f o cu s [ 1 ] + oz ∗ f o cu s [ 2 ] ) ;
f l o a t x = atom [ i ] . x + atom [ i ] . dx ∗ dt ∗ SPEED ∗ boost ;
f l o a t y = atom [ i ] . y + atom [ i ] . dy ∗ dt ∗ SPEED ∗ boost ;
f l o a t z = atom [ i ] . z + atom [ i ] . dz ∗ dt ∗ SPEED ∗ boost ;

615 f l o a t R = x ∗ x + y ∗ y + z ∗ z ;
R = s q r t f (R) ;
atom [ i ] . x = x / R;
atom [ i ] . y = y / R;
atom [ i ] . z = z / R;

620 #i f 0
f l o a t nx = atom [ i ] . x ;
f l o a t ny = atom [ i ] . y ;
f l o a t nz = atom [ i ] . z ;
f l o a t dx = nx − ox ;

625 f l o a t dy = ny − oy ;
f l o a t dz = nz − oz ;
f l o a t s = s q r t f ( dx ∗ dx + dy ∗ dy + dz ∗ dz ) ;
atom [ i ] . speed = tanhf ( s / (SPEED ∗ dt ) ) ;

#e l s e
630 atom [ i ] . speed = tanhf ( boost ) ;

#end i f

}
update nea re s t ne i ghbour s ( ) ;

635 upda t e o s c i l l a t o r amp l i t ud e s ( ) ;
}

void p l o t ( i n t x , i n t y , i n t r , i n t g , i n t b)
{

640 i f (0 <= x && x < W && 0 <= y && y < H)
{

y = H−1 − y ;
x = (W/2 + W−1 − x ) % W;
ppm[ y ] [ x ] [ 0 ] = r ;

645 ppm[ y ] [ x ] [ 1 ] = g ;
ppm[ y ] [ x ] [ 2 ] = b ;

}
}

650 void l i n eL ( i n t x0 , i n t y0 , i n t x1 , i n t y1 , i n t r , i n t g , i n t b)
{

i n t dx = x1 − x0 ;
i n t dy = y1 − y0 ;
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i n t y i = 1 ;
655 i f ( dy < 0)

{
y i = −1;
dy = −dy ;

}
660 i n t D = 2∗dy − dx ;

i n t y = y0 ;
f o r ( i n t x = x0 ; x <= x1 ; ++x)
{

p lo t (x , y , r , g , b ) ;
665 i f (D > 0)

{
y = y + yi ;
D = D − 2∗dx ;

}
670 D = D + 2∗dy ;

}
}

void l ineH ( i n t x0 , i n t y0 , i n t x1 , i n t y1 , i n t r , i n t g , i n t b)
675 {

i n t dx = x1 − x0 ;
i n t dy = y1 − y0 ;
i n t x i = 1 ;
i f ( dx < 0)

680 {
x i = −1;
dx = −dx ;

}
i n t D = 2∗dx − dy ;

685 i n t x = x0 ;

f o r ( i n t y = y0 ; y <= y1 ; ++y)
{

p lo t (x , y , r , g , b ) ;
690 i f (D > 0)

{
x = x + xi ;
D = D − 2∗dy ;

}
695 D = D + 2∗dx ;

}
}

void l i n e ( i n t x0 , i n t y0 , i n t x1 , i n t y1 , i n t r , i n t g , i n t b)
700 {

i f ( abs ( y1 − y0 ) < abs ( x1 − x0 ) )
i f ( x0 > x1 )

l i n eL ( x1 , y1 , x0 , y0 , r , g , b ) ;
e l s e

705 l i n eL ( x0 , y0 , x1 , y1 , r , g , b ) ;
e l s e

i f ( y0 > y1 )
l ineH (x1 , y1 , x0 , y0 , r , g , b ) ;

e l s e
710 l ineH (x0 , y0 , x1 , y1 , r , g , b ) ;
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}

void draw geodes i c ( f l o a t x0 , f l o a t y0 , f l o a t z0 , f l o a t x1 , f l o a t y1 , f l o a t z1 , ⤦
Ç i n t red , i n t grn , i n t blu , i n t depth )

{
715 i f ( depth == 0)

{
i n t i 0 = atan2f ( y0 , x0 ) / (2 ∗ pi ) ∗ W;
i f ( i 0 < 0) i 0 += W;
in t j 0 = aco s f ( z0 ) / p i ∗ H;

720 i n t i 1 = atan2f ( y1 , x1 ) / (2 ∗ pi ) ∗ W;
i f ( i 1 < 0) i 1 += W;
in t j 1 = aco s f ( z1 ) / p i ∗ H;
i f ( i 0 < W ∗ 0 .25 && W ∗ 0 .75 < i 1 )
{

725 l i n e ( i0 , j0 , i 1 − W, j1 , red , grn , blu ) ;
l i n e ( i 0 + W, j0 , i1 , j1 , red , grn , blu ) ;

}
e l s e
i f ( i 1 < W ∗ 0 .25 && W ∗ 0 .75 < i 0 )

730 {
l i n e ( i 0 − W, j0 , i1 , j1 , red , grn , blu ) ;
l i n e ( i0 , j0 , i 1 + W, j1 , red , grn , blu ) ;

}
e l s e

735 l i n e ( i0 , j0 , i1 , j1 , red , grn , blu ) ;
}
e l s e
{

f l o a t x2 = x0 + x1 ;
740 f l o a t y2 = y0 + y1 ;

f l o a t z2 = z0 + z1 ;
f l o a t r2 = x2 ∗ x2 + y2 ∗ y2 + z2 ∗ z2 ;
f l o a t r = s q r t f ( r2 ) ;
x2 /= r ;

745 y2 /= r ;
z2 /= r ;
draw geodes i c ( x0 , y0 , z0 , x2 , y2 , z2 , red , grn , blu , depth − 1) ;
draw geodes i c ( x2 , y2 , z2 , x1 , y1 , z1 , red , grn , blu , depth − 1) ;

}
750 }

void d r aw l i n e s f o r ( i n t i , i n t red , i n t grn , i n t blu )
{

f o r ( i n t b = 0 ; b < B; ++b)
755 {

i n t j = atom [ i ] . nb [ b ] ;
draw geodes i c

( atom [ i ] . x , atom [ i ] . y , atom [ i ] . z
, atom [ j ] . x , atom [ j ] . y , atom [ j ] . z

760 , red , grn , blu
, 6
) ;

}
}

765

void draw point ( i n t i , i n t red , i n t grn , i n t blu )
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{
f l o a t ax = atom [ i ] . x ;
f l o a t ay = atom [ i ] . y ;

770 f l o a t az = atom [ i ] . z ;
f l o a t x0 = atan2f ( ay , ax ) / (2 ∗ pi ) ;
x0 −= f l o o r ( x0 ) ;
x0 ∗= W;
f l o a t y0 = aco s f ( az ) / p i ∗ H;

775 f o r ( i n t dy = −R0 ; dy <= R0 ; ++dy)
{

i n t y = y0 + dy ;
f l o a t w = 1 − f a b s f ( ( y0 + dy + 0 .5 f ) / H ∗ 2 − 1) ;
i f ( y < 0) cont inue ;

780 i f ( y >= H) cont inue ;
f o r ( i n t dx = −R0 / w; dx <= R0 / w; ++dx)
{

i n t x = x0 + dx ;
whi l e ( x < 0) x += W;

785 whi le ( x >= W) x −= W;
i f ( dx ∗ dx ∗ w ∗ w + dy ∗ dy > R0 ∗ R0) cont inue ;
p l o t (x , y , red , grn , blu ) ;

}
}

790 }

void d raw l i n e s ( i n t t a r g e t )
{

// everyth ing dark blue
795 f o r ( i n t i = 0 ; i < N; ++i )

d r aw l i n e s f o r ( i , 0x00 , 0x00 , 0x80 ) ;
// ne ighbours b r i gh t green
f o r ( i n t b = 0 ; b < B; ++b)

d r aw l i n e s f o r ( atom [ t a r g e t ] . nb [ b ] , 0x00 , 0xFF , 0x00 ) ;
800 // ta r g e t ye l low

d r aw l i n e s f o r ( target , 0xFF , 0xFF , 0x00 ) ;
}

805 void draw points ( i n t t a r g e t )
{

// everyth ing dark blue
f o r ( i n t i = 0 ; i < N; ++i )

draw point ( i , 0x00 , 0x00 , 0x80 ) ;
810 // ne ighbours o f ne ighbours b r i gh t green

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

i n t j = atom [ t a r g e t ] . nb [ b ] ;
f o r ( i n t c = 0 ; c < B; ++c )

815 draw point ( atom [ j ] . nb [ c ] , 0x00 , 0xFF , 0x00 ) ;
}
// ne ighbours ye l low
f o r ( i n t b = 0 ; b < B; ++b)

draw point ( atom [ t a r g e t ] . nb [ b ] , 0xFF , 0xFF , 0x00 ) ;
820 // ta r g e t red

draw point ( target , 0xFF , 0x00 , 0x00 ) ;
}
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void d r aw t r a i l s ( void )
825 {

const i n t co l ou r [ 4 ] [ 3 ] = { { 0 , 0 , 0 } , { 0 , 0x80 , 0xFF } , { 0xFF , 51 , 0 } , { ⤦
Ç 0xFF , 0xFF , 0xFF } } ;

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

i f ( i % 4 != 3) cont inue ;
830 draw point ( i , c o l ou r [ i %4 ] [ 0 ] , c o l ou r [ i %4 ] [ 1 ] , c o l ou r [ i %4 ] [ 2 ] ) ;

}
}

void output (FILE ∗ v i d f i l e )
835 {

f p r i n t f ( v i d f i l e , ”P6\n%d %d\n255\n” , W, H) ;
fw r i t e (&ppm [ 0 ] [ 0 ] [ 0 ] , s i z e o f (ppm [ 0 ] [ 0 ] [ 0 ] ) ∗ 3 ∗ W ∗ H, 1 , v i d f i l e ) ;
f f l u s h ( v i d f i l e ) ;

}
840

// entry po int
extern i n t main ( i n t argc , char ∗∗ argv )
{

845 ( void ) argv ;
i n t RECORD = argc > 1 ;

f o r ( i n t o = 0 ; o < 16 ; ++o )
l o p 1 i n i t (& o u t p u t f i l t e r s [ o ] , 1000) ;

850

g l fw I n i t ( ) ;
glfwWindowHint (GLFW CLIENT API, GLFW OPENGL API) ;
glfwWindowHint (GLFWCONTEXTVERSIONMAJOR, 3) ;
glfwWindowHint (GLFWCONTEXT VERSIONMINOR, 3) ;

855 glfwWindowHint (GLFW OPENGL PROFILE, GLFWOPENGL CORE PROFILE) ;
glfwWindowHint (GLFWOPENGLFORWARDCOMPAT, GL TRUE) ;
glfwWindowHint (GLFW RESIZABLE, GL FALSE) ;
glfwWindowHint (GLFWDECORATED, GL TRUE) ;
GLFWwindow ∗window = glfwCreateWindow (WINW, WINH, ”meshwalk ” , 0 , 0) ;

860 glfwMakeContextCurrent (window) ;
gl fwSetKeyCal lback (window , keycb ) ;
glewExperimental = GL TRUE;
g l ew In i t ( ) ;
g lGetError ( ) ; // d i s ca rd common e r r o r from glew

865 // s e t up ver tex array ob j e c t
g lC l ea rCo lo r (0 , 0 , 0 , 1) ;
GLuint vao ;
glGenVertexArrays (1 , &vao ) ;
glBindVertexArray ( vao ) ;

870 // s e t up f ramebu f f e r
GLuint fbo [ 2 ] ;
g lGenFramebuffers (2 , &fbo [ 0 ] ) ;
GLuint tex [ 2 ] ;
glGenTextures (2 , &tex [ 0 ] ) ;

875 glBindFramebuffer (GL FRAMEBUFFER, fbo [ 0 ] ) ;
g lAct iveTexture (GL TEXTURE1) ;
glBindTexture (GL TEXTURE 2D MULTISAMPLE, tex [ 0 ] ) ;
glTexImage2DMultisample (GL TEXTURE 2D MULTISAMPLE, 8 , GL RGB, 8192/SUB, 4096/⤦

Ç SUB, GL FALSE) ;
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glFramebufferTexture2D (GL FRAMEBUFFER, GLCOLORATTACHMENT0, ⤦
Ç GL TEXTURE 2D MULTISAMPLE, tex [ 0 ] , 0) ;

880 GLenum sta tu s = glCheckFramebuf ferStatus (GLFRAMEBUFFER) ;
i f ( s t a tu s != GLFRAMEBUFFERCOMPLETE)

f p r i n t f ( s tde r r , ”GL FRAMEBUFFER STATUS %d\n” , s t a tu s ) ;
g lBindFramebuffer (GL FRAMEBUFFER, fbo [ 1 ] ) ;
g lAct iveTexture (GL TEXTURE0) ;

885 glBindTexture (GL TEXTURE 2D, tex [ 1 ] ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGB, 8192/SUB, 4096/SUB, 0 , GL RGB, ⤦

Ç GL UNSIGNED BYTE, 0) ;
glFramebufferTexture2D (GL FRAMEBUFFER, GLCOLORATTACHMENT0, GL TEXTURE 2D, ⤦

Ç tex [ 1 ] , 0) ;
s t a tu s = glCheckFramebuf ferStatus (GLFRAMEBUFFER) ;
i f ( s t a tu s != GLFRAMEBUFFERCOMPLETE)

890 f p r i n t f ( s tde r r , ”GL FRAMEBUFFER STATUS %d\n” , s t a tu s ) ;
// s e t up shader
const char ∗ s v e r t e x =

”#ve r s i on 330 core \n”
”out vec2 tc ;\n”

895 ” const f l o a t p i = 3 .141592653 ;\n”
” void main ( ) \n”
”{\n”
” i f ( g l VertexID == 0) { tc = vec2 ( pi , −pi /2 . 0 ) ; g l P o s i t i o n = vec4 ( −1 .0 ,⤦

Ç −1.0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” i f ( g l VertexID == 1) { tc = vec2 (−pi , −pi /2 . 0 ) ; g l P o s i t i o n = vec4 ( 1 . 0 ,⤦

Ç −1.0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
900 ” i f ( g l VertexID == 2) { tc = vec2 ( pi , p i /2 . 0 ) ; g l P o s i t i o n = vec4 ( −1 .0 ,⤦

Ç 1 . 0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” i f ( g l VertexID == 3) { tc = vec2 (−pi , p i /2 . 0 ) ; g l P o s i t i o n = vec4 ( 1 . 0 ,⤦

Ç 1 . 0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” { tc = vec2 ( 0 . 0 ) ; g l P o s i t i o n = vec4 ( 0 . 0 ) ; }\n”
”}\n”
;

905 const char ∗ s f ragment =
”#ve r s i on 330 core \n”
” in vec2 tc ;\n”
”uniform in t N;\n”
”uniform vec4 po s i t i o n [ 4 0 0 0 ] ; \ n”

910 ” layout ( l o c a t i o n = 0) out vec4 co l our ;\n”
” void main ( ) \n”
”{\n”
” vec3 me = vec3 ( cos ( tc . x ) ∗ cos ( tc . y ) , s i n ( tc . x ) ∗ cos ( tc . y ) , s i n ( tc . y ) ) ;\⤦

Ç n”
” f l o a t de l t a = length ( vec2 ( l ength (dFdx(me) ) , l ength (dFdy(me) ) ) ) ;\n”

915 ” f l o a t maxdot = −2 .0 ;\n”
” i n t ix = 0 ;\n”
” f l o a t maxdot2 = −2 .0 ;\n”
” i n t ix2 = 0 ;\n”
” f o r ( i n t i = 0 ; i < N && i < 4000 ; ++i ) \n”

920 ” {\n”
” f l o a t d = dot ( p o s i t i o n [ i ] . xyz , me) ;\n”
” i f (d > maxdot ) { maxdot2 = maxdot ; ix2 = ix ; maxdot = d ; ix = i ; }\n”
” e l s e \n”
” i f (d > maxdot2 ) { maxdot2 = d ; ix2 = i ; }\n”

925 ” }\n”
” vec3 blue = vec3 ( 0 . 0 , 0 . 5 , 1 . 0 ) ;\n”
” vec3 white = vec3 ( 1 . 0 ) ;\n”
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” vec3 red = vec3 ( 1 . 0 , 0 . 2 , 0 . 0 ) ;\n”
” vec3 black = vec3 ( 0 . 0 ) ;\n”

930 ” vec3 mine = mix ( vec3 ( 0 . 5 ) , vec3 [ 4 ] ( black , blue , red , white ) [ i x & 3 ] , ⤦
Ç po s i t i o n [ i x ] .w) ;\n”

” vec3 them = mix ( vec3 ( 0 . 5 ) , vec3 [ 4 ] ( black , blue , red , white ) [ ix2 & 3 ] , ⤦
Ç po s i t i o n [ ix2 ] .w) ;\n”

” f l o a t lmine = length ( po s i t i o n [ i x ] . xyz − me) ;\n”
” f l o a t lthem = length ( po s i t i o n [ ix2 ] . xyz − me) ;\n”
” f l o a t lme = lmine − lthem ;\n”

935 ” co l our = vec4 (mix (mine , them , smoothstep (− de l ta , de l ta , lme ) ) , 1 . 0 ) ;\n”
”}\n”

;
GLuint d i sp l ay = ver t ex f ragment shader ( s ve r t ex , s f ragment ) ;
glUseProgram ( d i sp l ay ) ;

940 u po s i t i o n = glGetUniformLocation ( d i sp lay , ” p o s i t i o n ”) ;
GLint u N = glGetUniformLocation ( d i sp lay , ”N”) ;
g lUni form1i (u N , N) ;
SF INFO in f o = { 0 , SR, 16 , SF FORMATWAV | SF FORMAT FLOAT, 0 , 0 } ;
SNDFILE ∗ s n d f i l e = 0 ;

945 FILE ∗ v i d f i l e = stdout ;
i f (RECORD)
{

s n d f i l e = s f open (”meshwalk −3.0 a . wav” , SFM WRITE, &i n f o ) ;
}

950 e l s e
{

i f ( ! ( c l i e n t = j a c k c l i e n t o p e n (”meshwalk ” , JackNoStartServer , 0) ) ) {
f p r i n t f ( s tde r r , ” jack s e r v e r not running ?\n”) ;
r e turn 1 ;

955 }
j a c k s e t p r o c e s s c a l l b a c k ( c l i e n t , processcb , 0) ;
/∗ c r e a t e por t s ∗/
f o r ( i n t i = 0 ; i < 16 ; ++i )
{

960 char portname [ 1 0 0 ] ;
s n p r i n t f ( portname , 100 , ” output %d” , i + 1) ;
port [ i ] = j a c k p o r t r e g i s t e r ( c l i e n t , portname , JACK DEFAULT AUDIO TYPE, ⤦

Ç JackPortIsOutput , 0) ;
}
/∗ a c t i v a t e audio ∗/

965 i f ( j a c k a c t i v a t e ( c l i e n t ) ) {
f p r i n t f ( s tde r r , ” cannot a c t i v a t e JACK c l i e n t ”) ;
r e turn 1 ;

}
}

970

f l o a t frames [SR/FPS ] [ 1 6 ] ;
// wr i t e t i t l e s
i f (RECORD)
{

975 f o r ( i n t i = 0 ; i < SR/FPS ; ++i )
f o r ( i n t c = 0 ; c < 16 ; ++c )

frames [ i ] [ c ] = 0 ;
f o r ( i n t f = 0 ; f < FPS ∗ 3 ; ++f )

s f w r i t e f f l o a t ( s nd f i l e , &frames [ 0 ] [ 0 ] , SR/FPS) ;
980 }

i n i t ( ) ;
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i n t d i r t y = 1 ;
double l a s t = glfwGetTime ( ) ;
i n t l a s t c oun t = 0 ;

985 memset(&ppm [ 0 ] [ 0 ] [ 0 ] , 0x80 , 8192/SUB ∗ 4096/SUB ∗ 3) ;
f l o a t f o c u s t a r g e t [ 3 ] = { 0 , 0 , 0 } ;
LOP1 f o c u s f i l t e r [ 3 ] ;
f l o a t fhz = 4 .0 f ∗ SR / FPS ;
l o p 1 i n i t (& f o c u s f i l t e r [ 0 ] , fhz ) ;

990 l o p 1 i n i t (& f o c u s f i l t e r [ 1 ] , fhz ) ;
l o p 1 i n i t (& f o c u s f i l t e r [ 2 ] , fhz ) ;
// 1/2 = g ∗ (1 + (1−g ) + (1−g ) ˆ2 + . . . + (1−g ) ˆ(H−1) )
// = g ∗ (1 − (1 − g ) ˆ(H−1) ) / (1 − (1 − g ) )
// = 1 − (1 − g ) ˆ(H−1)

995 // g = 1 − (1/2) ˆ(1/(H−1) )
double g e i g e r = 1 .0 − pow (0 . 5 , 4 . 0 / FPS) ;
f o r ( i n t f = 0 ; ! glfwWindowShouldClose (window) ; ++f )
{

DISTANCE = 1 ;
1000 Ky = DISTANCE ∗ 2 .0 f ∗ s q r t f ( 4 . 0 f / N) ;

K = 1 .0 / (Ky ∗ Ky) ;
sqrtK = s q r t f (K) ;
i f ( rand ( ) / ( double ) RANDMAX < g e i g e r )
{

1005 f l o a t R;
do
{

R = 0 ;
f o r ( i n t c = 0 ; c < 3 ; ++c )

1010 {
f o c u s t a r g e t [ c ] = 2 .0 f ∗ ( rand ( ) / ( f l o a t ) RANDMAX − 0 .5 f ) ;
R += f o c u s t a r g e t [ c ] ∗ f o c u s t a r g e t [ c ] ;

}
} whi le (R > 1) ;

1015 R = sq r t f (R) ;
f l o a t G = 0.5 ∗ (1 − cos (2 ∗ pi ∗ ( f − (FPS ∗ (1 ∗ 60 + 0) ) ) / (FPS ∗ (4 ∗⤦

Ç 60 − 6) ) ) ) / R;
f o c u s t a r g e t [ 0 ] ∗= G;
f o c u s t a r g e t [ 1 ] ∗= G;
f o c u s t a r g e t [ 2 ] ∗= G;

1020 }
f o cu s [ 0 ] = lop1(& f o c u s f i l t e r [ 0 ] , f o c u s t a r g e t [ 0 ] ) ;
f o cu s [ 1 ] = lop1(& f o c u s f i l t e r [ 1 ] , f o c u s t a r g e t [ 1 ] ) ;
f o cu s [ 2 ] = lop1(& f o c u s f i l t e r [ 2 ] , f o c u s t a r g e t [ 2 ] ) ;
i f (DEBUG AMBISONICS AXES)

1025 {
i n t k = ( f / FPS) % 6 ;
const f l o a t t a r g e t s [ 6 ] [ 3 ] =

{ { 1 , 0 , 0 } , { −1 , 0 , 0 } // f ront , back
, { 0 , 1 , 0 } , { 0 , −1 , 0 } // l e f t , r i g h t

1030 , { 0 , 0 , 1 } , { 0 , 0 , −1 } // top , bottom
} ;

f o cu s [ 0 ] = t a r g e t s [ k ] [ 0 ] ;
f o cu s [ 1 ] = t a r g e t s [ k ] [ 1 ] ;
f o cu s [ 2 ] = t a r g e t s [ k ] [ 2 ] ;

1035 }
i f (DEBUG AMBISONICS SPIN != 0)
{
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f l o a t t = DEBUG AMBISONICS SPIN;
f l o a t c = cos ( t ) ;

1040 f l o a t s = s i n ( t ) ;
f l o a t M[ 3 ] [ 3 ] = { { c , s , 0 } , { −s , c , 0} , { 0 , 0 , 1 } } ;
f l o a t nV [ 3 ] [ 3 ] ;
f o r ( i n t i = 0 ; i < 3 ; ++i )
f o r ( i n t j = 0 ; j < 3 ; ++j )

1045 {
nV[ i ] [ j ] = 0 ;
f o r ( i n t k = 0 ; k < 3 ; ++k)

nV[ i ] [ j ] += M[ i ] [ k ] ∗ V[ k ] [ j ] ;
}

1050 f o r ( i n t i = 0 ; i < 3 ; ++i )
f o r ( i n t j = 0 ; j < 3 ; ++j )

V[ i ] [ j ] = nV[ i ] [ j ] ;
}
double now = glfwGetTime ( ) ;

1055 i f (now − l a s t > 1)
{

f p r i n t f ( s tde r r , ”\n%f fp s \n%f max\n” , ( f − l a s t c oun t ) / (now − l a s t ) , ⤦
Ç s q r t f ( metr ic ) / Ky) ;

l a s t c oun t = f ;
l a s t = now ;

1060 }
i f (RECORD && f >= FPS ∗ (60 ∗ 5 − 6) )

break ;

s tep ( ) ;
1065

i f ( (RECORD && f >= FPS ∗ 60 ∗ 1) | | ! RECORD)
{

upload uni forms ( ) ;
g lBindFramebuffer (GL FRAMEBUFFER, fbo [ 1 ] ) ;

1070 g lC l ea r (GL COLOR BUFFER BIT) ;
glViewport (0 , 0 , 8192/SUB, 4096/SUB) ;
glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;

#i f 0
glBindFramebuffer (GLDRAWFRAMEBUFFER, fbo [ 1 ] ) ;

1075 g lB l i tFramebu f f e r
( 0 , 0 , 8192/SUB, 4096/SUB
, 0 , 0 , 8192/SUB, 4096/SUB
, GL COLOR BUFFER BIT, GL LINEAR
) ;

1080 // download output frame
glBindFramebuffer (GL READ FRAMEBUFFER, fbo [ 1 ] ) ;

#end i f
i f (RECORD && f >= FPS ∗ 60 ∗ 1 && DRAWVORONOI)
{

1085 d i r t y = 0 ;
g lReadPixe l s (0 , 0 , 8192/SUB, 4096/SUB, GL RGB, GL UNSIGNED BYTE, &ppm⤦

Ç [ 0 ] [ 0 ] [ 0 ] ) ;
}
e l s e i f ( d i r t y && DRAWCLEAR)
{

1090 d i r t y = 0 ;
memset(&ppm [ 0 ] [ 0 ] [ 0 ] , 0 , 8192/SUB ∗ 4096/SUB ∗ 3) ;

}
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i n t t a r g e t = f i n d t a r g e t (1 , 0 , 0) ;
i f (DRAW LINES)

1095 {
d i r t y = 1 ;
d raw l i n e s ( t a r g e t ) ;

}
i f (DRAWPOINTS)

1100 {
d i r t y = 1 ;
draw points ( t a r g e t ) ;

}
i f (DRAWTRAILS)

1105 {
d i r t y = 1 ;
d r aw t r a i l s ( ) ;

}
// preview

1110 glBindFramebuffer (GLDRAWFRAMEBUFFER, 0) ;
g lC l ea r (GL COLOR BUFFER BIT) ;
g lB l i tFramebu f f e r

( 0 , 0 , 8192/SUB, 4096/SUB
, 0 , (WINH − WINW/2) / 2 , WINW, (WINH + WINW/2) / 2

1115 , GL COLOR BUFFER BIT, GL LINEAR
) ;

// r ed i s p l a y
gl fwSwapBuffers (window) ;
g l fwPo l lEvents ( ) ;

1120 GLuint e ;
whi l e ( ( e = glGetError ( ) ) ) f p r i n t f ( s tde r r , ”GL ERROR %d\n” , e ) ;

// output PPM to stdout ( f l i p p e d v e r t i c a l l y )
i f (RECORD && f >= FPS ∗ 60 ∗ 1)

1125 {
f p r i n t f ( v i d f i l e , ”P6\n%d %d\n255\n” , 8192/SUB, 4096/SUB) ;
fw r i t e (&ppm [ 0 ] [ 0 ] [ 0 ] , 8192/SUB ∗ 4096/SUB ∗ 3 , 1 , v i d f i l e ) ;
i f ( f == FPS ∗ 60 ∗ 1)
{

1130 FILE ∗ im g f i l e = popen (”pnmtopng − f o r c e − i n t e r l a c e −compress ion 9 > ⤦
Ç meshwalk −3 . 0 . png ” , ”w”) ;

f p r i n t f ( img f i l e , ”P6\n%d %d\n255\n” , 8192/SUB, 4096/SUB) ;
fw r i t e (&ppm [ 0 ] [ 0 ] [ 0 ] , 8192/SUB ∗ 4096/SUB ∗ 3 , 1 , img f i l e ) ;
p c l o s e ( img f i l e ) ;

}
1135 f l o a t audio [ 1 6 ] [ SR/FPS ] ;

f l o a t ∗audiop [ 1 6 ] ;
f o r ( i n t c = 0 ; c < 16 ; ++c )

audiop [ c ] = &audio [ c ] [ 0 ] ;
audiocb ( audiop , SR/FPS, f ∗ SR/FPS) ;

1140 f o r ( i n t i = 0 ; i < SR/FPS ; ++i )
f o r ( i n t c = 0 ; c < 16 ; ++c )

frames [ i ] [ c ] = audio [ c ] [ i ] ;
s f w r i t e f f l o a t ( s nd f i l e , &frames [ 0 ] [ 0 ] , SR/FPS) ;

}
1145 }

}
i f (RECORD)
{
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// wr i t e c r e d i t s
1150 f o r ( i n t i = 0 ; i < SR/FPS ; ++i )

f o r ( i n t c = 0 ; c < 16 ; ++c )
frames [ i ] [ c ] = 0 ;

f o r ( i n t f = 0 ; f < FPS ∗ 3 ; ++f )
s f w r i t e f f l o a t ( s nd f i l e , &frames [ 0 ] [ 0 ] , SR/FPS) ;

1155 s f c l o s e ( s n d f i l e ) ;
}
glfwDestroyWindow (window) ;
gl fwTerminate ( ) ;
r e turn 0 ;

1160 }

62 meshwalk/meshwalk-3.0-credits.png

63 meshwalk/meshwalk-3.0.sh

#!/bin /bash
s e t −e
(

f o r i in $ ( seq 180)
5 do

pngtopnm < meshwalk −3.0− t i t l e . png
done |
f fmpeg −r 60 − i − −vf fade=in : 3 0 : 3 0 , fade=out : 1 20 : 3 0 − f image2pipe −codec : v ppm⤦

Ç −

. / meshwalk −3.0 −nrt
10 f o r i in $ ( seq 180)

do
pngtopnm < meshwalk −3.0− c r e d i t s . png

done |
f fmpeg −r 60 − i − −vf fade=in : 3 0 : 3 0 , fade=out : 1 20 : 3 0 − f image2pipe −codec : v ppm⤦

Ç −

15 ) |
f fmpeg − f ramerate 60 − i − −codec : v png −y meshwalk −3.0 v .mkv
ffmpeg − i meshwalk −3.0 v .mkv − i meshwalk −3.0 a . wav \
−codec : v copy −codec : a copy \
−y meshwalk −3 . 0 .mkv

20 f fmpeg − i meshwalk −3 . 0 .mkv −a f pan=”4| c0=c0 | c1=c1 | c2=c2 | c3=c3” \
−pix fmt yuv420p − p r o f i l e : v high − l e v e l : v 5 .1 −tune : v animation \
− c r f : v 20 −b : a 512k −movflags +f a s t s t a r t \
−y meshwalk −3.0 m .mp4

python2 . 7 . . / . . / . . / g ithub . com/ goog l e / spa t i a l −media/ spat i a lmed ia \
25 − i −− s pa t i a l −audio meshwalk −3.0 m .mp4 meshwalk −3 . 0 .mp4
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64 meshwalk/meshwalk-3.0-title.png

65 meshwalk/meshwalk-3.0-titles.tex

\documentclass { a r t i c l e }
\usepackage [ paperwidth=8.192cm, paperhe ight =4.096cm, margin=0.1cm]{ geometry}
\usepackage { lmodern}
\begin {document}

5 \ t h i s p a g e s t y l e {empty}
\hspace {0pt}
\ v f i l l
\ c en t e r i ng \ s f
{\Huge meshwalk −3.0}

10

{\Large mathr . co . uk}

{\Large 2018}
\ v f i l l

15 \hspace {0pt}
\end{document}

66 meshwalk/meshwalk-3.1.c

/∗
meshwalk −− aud i ov i sua l drone
Copyright (C) 2018 Claude Heiland −Allen <claude@mathr . co . uk>

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <https : //www. gnu . org / l i c e n s e s />.

∗/
/∗
# bui ld

20 make
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# rea l t ime mode with JACK audio , p r e s s Q to e x i t
. / meshwalk −3.1

25 # render
. / meshwalk −3 . 1 . sh
∗/

#inc lude <a s s e r t . h>
30 #inc lude < l im i t s . h>

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

35 #inc lude <s t r i n g . h>

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

40 #inc lude <j ack / jack . h>
#inc lude <s n d f i l e . h>

#de f i n e p i 3 .141592653 f

45 #de f i n e SR 48000
#de f i n e FPS 60
#de f i n e SUB 1
#de f i n e OSCILLATORS 4000
#de f i n e GAIN 0 .1 f

50

#de f i n e DEBUG AMBISONICS 0
#de f i n e DEBUG AMBISONICS SPIN 0 //(2 ∗ pi / FPS / 12)
#de f i n e DEBUG AMBISONICS AXES 0

55 #de f i n e DRAWCLEAR 0
#de f i n e DRAWVORONOI 1
#de f i n e DRAW LINES 0
#de f i n e DRAWPOINTS 0
#de f i n e DRAWTRAILS 0

60

#de f i n e RECORDAUDIO 1
#de f i n e RECORDVIDEO 1

#de f i n e R0 (6 / SUB)
65 #de f i n e W (8192 / SUB)

#de f i n e H (4096 / SUB)

#de f i n e WINW 1024
#de f i n e WINH 512

70

// note : must be <= 4000 ( l im i t s e t in fragment shader )
#de f i n e N OSCILLATORS
#de f i n e B 12

75 // one−po le one−zero low pass f i l t e r des igned in the Z plane

typede f f l o a t sample ;
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typede f s t r u c t {
80 sample x , b ;

double y , a ;
} LOP1;

s t a t i c i n l i n e LOP1 ∗ l o p 1 i n i t (LOP1 ∗ s , sample hz )
85 {

const double w = 2 ∗ pi ∗ fmin f ( fmaxf ( f abs ( hz / SR) , 0) , ( sample ) 0 . 5 ) ;
const double a = (1 − s i n (w) ) / cos (w) ;
const double b = (1 − a ) / 2 ;
s−>a = a ;

90 s−>b = b ;
s−>x = 0 ;
s−>y = 0 ;
re turn s ;

}
95

s t a t i c i n l i n e sample lop1 (LOP1 ∗ s , sample x )
{

const double y = s−>b ∗ ( x + s−>x ) + s−>a ∗ s−>y ;
s−>x = x ;

100 s−>y = y ;
re turn y ;

}

105 f l o a t DISTANCE;
f l o a t Ky;
f l o a t K;
f l o a t sqrtK ;
const f l o a t dt = 1 .0 f / FPS ;

110 const f l o a t SPEED = 2.0 ∗ s q r t f ( 1 . 0 f / N) ;

GLint u po s i t i o n ;
GLfloat p o s i t i o n [N ] [ 4 ] ;

115 GLfloat V [ 3 ] [ 3 ] = { { 1 , 0 , 0 } , { 0 , 1 , 0 } , { 0 , 0 , 1 } } ;

f l o a t f o cus [ 3 ] ;

const f l o a t sp in axe s [ 4 ] [ 3 ] =
120 { { −1 , −1 , −1 }

, { 1 , 1 , −1 }
, { 1 , −1 , 1 }
, { −1 , 1 , 1 }
} ;

125

i n t o s c i l l a t o r t a r g e t s [OSCILLATORS ] ;

LOP1 o u t p u t f i l t e r s [ 1 6 ] ;

130 typede f s t r u c t { f l o a t f ; i n t i ; } i ndex t ;

typede f s t r u c t
{

f l o a t x , y , z , dx , dy , dz , ddx , ddy , ddz , speed ;
135 i ndex t nbnb [B ∗ B + B ] ;
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i n t nb [B ] ;
i n t count ;

} node ;

140 node atom [N ] ;
i n t wh i c h o s c i l l a t o r b u f f e r = 0 ;
i ndex t o s c i l l a t o r s [ 3 ] [N ] ;

s t a t i c i n l i n e u i n t 32 t hash ( u i n t 32 t a )
145 {

a = ( a+0x7ed55d16u ) + (a<<12) ;
a = ( aˆ0 xc761c23cu ) ˆ (a>>19) ;
a = ( a+0x165667b1u ) + (a<<5) ;
a = ( a+0xd3a2646cu ) ˆ (a<<9) ;

150 a = ( a+0xfd7046c5u ) + (a<<3) ;
a = ( aˆ0 xb55a4f09u ) ˆ (a>>16) ;
r e turn a ;

}

155 // GLFW keyboard ca l l ba ck
s t a t i c void keycb

( GLFWwindow ∗window
, i n t key
, i n t scancode

160 , i n t ac t i on
, i n t mods
)

{
( void ) key ;

165 ( void ) scancode ;
( void ) mods ;
i f ( a c t i on == GLFW PRESS)

glfwSetWindowShouldClose (window , GL TRUE) ;
}

170

v o l a t i l e i n t i n aud i o cb = 0 ;
f l o a t audio xyz [N ] [ 3 ] ;
s t a t i c void audiocb ( f l o a t ∗output [ 1 6 ] , i n t n , i n t f )
{

175 f l o a t out [ 1 6 ] [ n ] ;
i n aud i o cb = 1 ;
i n t source = wh i c h o s c i l l a t o r b u f f e r ;
f o r ( i n t o = 0 ; o < OSCILLATORS && o < N; ++o )
{

180 i n t i = o s c i l l a t o r s [ source ] [ o ] . i ;
o s c i l l a t o r s [ 2 ] [ o ] = o s c i l l a t o r s [ source ] [ o ] ;
f l o a t x = atom [ i ] . x ;
f l o a t y = atom [ i ] . y ;
f l o a t z = atom [ i ] . z ;

185 audio xyz [ o ] [ 0 ] = V[ 0 ] [ 0 ] ∗ x + V[ 0 ] [ 1 ] ∗ y + V[ 0 ] [ 2 ] ∗ z ;
audio xyz [ o ] [ 1 ] = V[ 1 ] [ 0 ] ∗ x + V[ 1 ] [ 1 ] ∗ y + V[ 1 ] [ 2 ] ∗ z ;
audio xyz [ o ] [ 2 ] = V[ 2 ] [ 0 ] ∗ x + V[ 2 ] [ 1 ] ∗ y + V[ 2 ] [ 2 ] ∗ z ;

}
i n aud i o cb = 0 ;

190 f o r ( i n t c = 0 ; c < 16 ; ++c )
f o r ( i n t t = 0 ; t < n ; ++t )

out [ c ] [ t ] = 0 ;
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f o r ( i n t o = 0 ; o < OSCILLATORS && o < N; ++o )
{

195 i n t i = o s c i l l a t o r s [ 2 ] [ o ] . i ;
f l o a t amp = o s c i l l a t o r s [ 2 ] [ o ] . f ;
f l o a t x = audio xyz [ o ] [ 0 ] ;
f l o a t y = audio xyz [ o ] [ 1 ] ;
f l o a t z = audio xyz [ o ] [ 2 ] ;

200 f l o a t f a c t o r [ 1 6 ] ;
// order 0
f a c t o r [ 0 ] = 1 ;
// order 1
f a c t o r [ 1 ] = y ;

205 f a c t o r [ 2 ] = z ;
f a c t o r [ 3 ] = x ;
// order 2
f a c t o r [ 4 ] = sq r t (3 ) ∗ x ∗ y ;
f a c t o r [ 5 ] = sq r t (3 ) ∗ y ∗ z ;

210 f a c t o r [ 6 ] = 1/2 . ∗ (3 ∗ z ∗ z − 1) ;
f a c t o r [ 7 ] = sq r t (3 ) ∗ x ∗ z ;
f a c t o r [ 8 ] = sq r t ( 3 / 4 . ) ∗ ( x ∗ x − y ∗ y ) ;
// order 3
f a c t o r [ 9 ] = sq r t ( 5 / 8 . ) ∗ y ∗ (3 ∗ x ∗ x − y ∗ y ) ;

215 f a c t o r [ 1 0 ] = sq r t (15) ∗ x ∗ y ∗ z ;
f a c t o r [ 1 1 ] = sq r t ( 3 / 8 . ) ∗ y ∗ (5 ∗ z ∗ z − 1) ;
f a c t o r [ 1 2 ] = 1/2 . ∗ z ∗ (5 ∗ z ∗ z − 3) ;
f a c t o r [ 1 3 ] = sq r t ( 3 / 8 . ) ∗ x ∗ (5 ∗ z ∗ z − 1) ;
f a c t o r [ 1 4 ] = sq r t ( 1 5/4 . ) ∗ z ∗ ( x ∗ x − y ∗ y ) ;

220 f a c t o r [ 1 5 ] = sq r t ( 5 / 8 . ) ∗ x ∗ ( x ∗ x − 3 ∗ y ∗ y ) ;
i n t per iod = (720 + ( ( i % 15) −7) ) / ( ( i % 4) + 1) ;
f l o a t osc [ n ] ;
f o r ( i n t t = 0 ; t < n ; ++t )

osc [ t ] = hash ( hash ( ( f + t ) % per iod ) ∗ N + i ) / ( f l o a t ) UINTMAX − 0 .5 f ;
225 f o r ( i n t c = 0 ; c < 16 ; ++c )

{
f a c t o r [ c ] ∗= amp;
f o r ( i n t t = 0 ; t < n ; ++t )

out [ c ] [ t ] += osc [ t ] ∗ f a c t o r [ c ] ;
230 }

}
f l o a t l e v e l = GAIN;
f o r ( i n t c = 0 ; c < 16 ; ++c )

f o r ( i n t t = 0 ; t < n ; ++t )
235 output [ c ] [ t ] = lop1(& o u t p u t f i l t e r s [ c ] , out [ c ] [ t ] ∗ l e v e l ) ;

}

j a c k c l i e n t t ∗ c l i e n t ;
j a c k p o r t t ∗port [ 1 6 ] ;

240 s t a t i c i n t proce s scb ( j a ck n f r ames t nframes , void ∗ arg ) {
( void ) arg ;
s t a t i c j a ck n f r ames t f = 0 ;
j a c k d e f au l t aud i o s amp l e t ∗out [ 1 6 ] ;
f o r ( i n t c = 0 ; c < 16 ; ++c )

245 {
out [ c ] = j a c k p o r t g e t b u f f e r ( port [ c ] , nframes ) ;
f o r ( j a ck n f r ames t t = 0 ; t < nframes ; ++t )

out [ c ] [ t ] = 0 ;
}
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250 audiocb ( out , nframes , f ) ;
f += nframes ;
r e turn 0 ;

}

255

s t a t i c void debug program (GLuint program ) {
GLint s t a tu s = 0 ;
glGetProgramiv ( program , GL LINK STATUS, &s ta tu s ) ;
GLint l ength = 0 ;

260 glGetProgramiv ( program , GL INFO LOG LENGTH, &length ) ;
char ∗ i n f o = 0 ;
i f ( l ength ) {

i n f o = mal loc ( l ength + 1) ;
i n f o [ 0 ] = 0 ;

265 glGetProgramInfoLog ( program , length , 0 , i n f o ) ;
i n f o [ l ength ] = 0 ;

}
i f ( ( i n f o && in f o [ 0 ] ) | | ! s t a tu s ) {

f p r i n t f ( s tde r r , ”program l i n k i n f o :\n%s ” , i n f o ? i n f o : ”( no i n f o l og ) ”) ;
270 }

i f ( i n f o ) {
f r e e ( i n f o ) ;

}
}

275

s t a t i c void debug shader (GLuint shader , GLenum type , const char ∗ source ) {
GLint s t a tu s = 0 ;
g lGetShader iv ( shader , GL COMPILE STATUS, &s ta tu s ) ;
GLint l ength = 0 ;

280 glGetShader iv ( shader , GL INFO LOG LENGTH, &length ) ;
char ∗ i n f o = 0 ;
i f ( l ength ) {

i n f o = mal loc ( l ength + 1) ;
i n f o [ 0 ] = 0 ;

285 glGetShaderInfoLog ( shader , length , 0 , i n f o ) ;
i n f o [ l ength ] = 0 ;

}
i f ( ( i n f o && in f o [ 0 ] ) | | ! s t a tu s ) {

const char ∗ t yp e s t r = ”unknown ” ;
290 switch ( type ) {

case GL VERTEX SHADER: t yp e s t r = ” ver tex ” ; break ;
case GL FRAGMENT SHADER: t yp e s t r = ” fragment ” ; break ;
case GL COMPUTE SHADER: t yp e s t r = ”compute ” ; break ;

}
295 f p r i n t f

( s t d e r r
, ”%s shader compi le i n f o :\n%s \nshader source :\n%s”
, t yp e s t r
, i n f o ? i n f o : ”( no i n f o l og ) ”

300 , source ? source : ”( no source ) ”
) ;

}
i f ( i n f o ) {

f r e e ( i n f o ) ;
305 }

}
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s t a t i c GLuint ve r t ex f ragment shader ( const char ∗vert , const char ∗ f r a g ) {
GLuint program = glCreateProgram ( ) ;

310 {
GLuint shader = glCreateShader (GL VERTEX SHADER) ;
g lShaderSource ( shader , 1 , &vert , 0) ;
glCompileShader ( shader ) ;
debug shader ( shader , GL VERTEX SHADER, ver t ) ;

315 glAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

}
{

GLuint shader = glCreateShader (GL FRAGMENT SHADER) ;
320 glShaderSource ( shader , 1 , &frag , 0) ;

glCompileShader ( shader ) ;
debug shader ( shader , GL FRAGMENT SHADER, f r ag ) ;
g lAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

325 }
glLinkProgram ( program ) ;
debug program ( program ) ;
re turn program ;

}
330

i n t cmp index f ( const void ∗a , const void ∗b)
{

const i ndex t ∗p = a ;
const i ndex t ∗q = b ;

335 const f l o a t x = p−> f ;
const f l o a t y = q−> f ;
r e turn (x > y ) − ( x < y ) ;

}

340 i n t cmp index f r ev ( const void ∗a , const void ∗b)
{

re turn −cmp index f ( a , b ) ;
}

345 void upload uni forms ( void )
{

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

f l o a t x = atom [ i ] . x ;
350 f l o a t y = atom [ i ] . y ;

f l o a t z = atom [ i ] . z ;
p o s i t i o n [ i ] [ 0 ] = V[ 0 ] [ 0 ] ∗ x + V[ 0 ] [ 1 ] ∗ y + V[ 0 ] [ 2 ] ∗ z ;
p o s i t i o n [ i ] [ 1 ] = V[ 1 ] [ 0 ] ∗ x + V[ 1 ] [ 1 ] ∗ y + V[ 1 ] [ 2 ] ∗ z ;
p o s i t i o n [ i ] [ 2 ] = V[ 2 ] [ 0 ] ∗ x + V[ 2 ] [ 1 ] ∗ y + V[ 2 ] [ 2 ] ∗ z ;

355 po s i t i o n [ i ] [ 3 ] = 1 ;
}
glUni form4fv ( u po s i t i on , N, &po s i t i o n [ 0 ] [ 0 ] ) ;

}

360

unsigned char ppm[4096/SUB] [ 8 192/SUB ] [ 3 ] ;

void i n s e r t b y d i s t a n c e ( i n t i , i n t k , f l o a t d)
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{
365 i n t b ;

f o r (b = 0 ; b < B && b < atom [ i ] . count ; ++b)
{

i f (d < atom [ i ] . nbnb [ b ] . f ) break ;
}

370 i f (b < B)
{

f o r ( i n t c = B − 1 ; c > b ; −−c )
{

atom [ i ] . nbnb [ c ] = atom [ i ] . nbnb [ c − 1 ] ;
375 }

atom [ i ] . nbnb [ b ] . f = d ;
atom [ i ] . nbnb [ b ] . i = k ;
i f ( atom [ i ] . count < B) atom [ i ] . count += 1 ;

}
380 }

i n t f i n d t a r g e t ( f l o a t tx , f l o a t ty , f l o a t tz )
{

f l o a t md = −2 .0 ;
385 i n t i x = −1;

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

f l o a t d = atom [ i ] . x ∗ tx + atom [ i ] . y ∗ ty + atom [ i ] . z ∗ tz ;
i f (d > md)

390 {
md = d ;
ix = i ;

}
}

395 re turn ix ;
}

void i n i t ( void )
{

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

#de f i n e U ( rand ( ) / ( f l o a t ) RANDMAX)
f l o a t R;

f l o a t t = 2 ∗ pi ∗ ( i + U) / N;
405 f l o a t s = 2 .0 ∗ (U − 0 . 5 ) ;

atom [ i ] . x = co s f ( t ) ∗ c o s f ( a s i n f ( s ) ) ;
atom [ i ] . y = s i n f ( t ) ∗ c o s f ( a s i n f ( s ) ) ;
atom [ i ] . z = s ;
R = atom [ i ] . x ∗ atom [ i ] . x + atom [ i ] . y ∗ atom [ i ] . y + atom [ i ] . z ∗ atom [ i ] . z ;

410 R = sq r t f (R) ;
atom [ i ] . x /= R;
atom [ i ] . y /= R;
atom [ i ] . z /= R;
atom [ i ] . dx = 0 ;

415 atom [ i ] . dy = 0 ;
atom [ i ] . dz = 0 ;
#undef U

}
#pragma omp p a r a l l e l f o r

420 f o r ( i n t i = 0 ; i < N; ++i )
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{
atom [ i ] . count = 0 ;
f o r ( i n t k = 0 ; k < N; ++k)
{

425 i f ( i == k) cont inue ;
f l o a t dx = atom [ i ] . x − atom [ k ] . x ;
f l o a t dy = atom [ i ] . y − atom [ k ] . y ;
f l o a t dz = atom [ i ] . z − atom [ k ] . z ;
f l o a t d = dx ∗ dx + dy ∗ dy + dz ∗ dz ;

430 i n s e r t b y d i s t a n c e ( i , k , d ) ;
}
a s s e r t ( atom [ i ] . count == B) ;
f o r ( i n t b = 0 ; b < B; ++b)
{

435 atom [ i ] . nb [ b ] = atom [ i ] . nbnb [ b ] . i ;
}

}
}

440 s t a t i c void f i e l d a t a t om ( f l o a t ∗ddx , f l o a t ∗ddy , f l o a t ∗ddz , i n t i )
{

∗ddx = 0 ;
∗ddy = 0 ;
∗ddz = 0 ;

445 i n t j = i % 4 ;
f o r ( i n t b = 0 ; b < B; ++b)
{

i n t k = atom [ i ] . nb [ b ] ;
i n t l = k % 4 ;

450 f l o a t dx = atom [ k ] . x − atom [ i ] . x ;
f l o a t dy = atom [ k ] . y − atom [ i ] . y ;
f l o a t dz = atom [ k ] . z − atom [ i ] . z ;
f l o a t d2 = dx ∗ dx + dy ∗ dy + dz ∗ dz ;
i f ( d2 == 0) cont inue ;

455 f l o a t d = s q r t f ( d2 ) ;
f l o a t F = 0 . 0 ;
F += 1 / (d2 ∗ K) ;
i f ( l != j )
F −= 1 / (d ∗ sqrtK ) ;

460 e l s e
F ∗= 2 ;

∗ddx −= F ∗ dx / d ;
∗ddy −= F ∗ dy / d ;
∗ddz −= F ∗ dz / d ;

465 }
i f ( i snan (∗ddx ) ) ∗ddx = 0 ;
i f ( i snan (∗ddy ) ) ∗ddy = 0 ;
i f ( i snan (∗ddz ) ) ∗ddz = 0 ;

}
470

void i n s e r t by i nd ex ( i n t i , i n t k , f l o a t d)
{

f o r ( i n t b = 0 ; b < atom [ i ] . count ; ++b)
{

475 i f ( atom [ i ] . nbnb [ b ] . i == k) return ;
}
i f ( atom [ i ] . count < B ∗ B + B)
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{
atom [ i ] . nbnb [ atom [ i ] . count ] . f = d ;

480 atom [ i ] . nbnb [ atom [ i ] . count ] . i = k ;
atom [ i ] . count += 1 ;

}
}

485 void s o r t by d i s t a n c e ( i n t i )
{

qso r t (&atom [ i ] . nbnb [ 0 ] , atom [ i ] . count , s i z e o f ( atom [ i ] . nbnb [ 0 ] ) , cmp index f ) ;
}

490 f l o a t metr ic = 0 ;
void update nea re s t ne i ghbour s ( )
{

f l o a t m = 0 . 0 ;
f o r ( i n t i = 0 ; i < N; ++i )

495 {
atom [ i ] . count = 0 ;
f o r ( i n t b = 0 ; b < B; ++b)
{

i n t j = atom [ i ] . nb [ b ] ;
500 {

f l o a t dx = atom [ i ] . x − atom [ j ] . x ;
f l o a t dy = atom [ i ] . y − atom [ j ] . y ;
f l o a t dz = atom [ i ] . z − atom [ j ] . z ;
f l o a t d = dx ∗ dx + dy ∗ dy + dz ∗ dz ;

505 i f ( i != j )
i n s e r t by i nd ex ( i , j , d ) ;

}
f o r ( i n t c = 0 ; c < B; ++c )
{

510 i n t k = atom [ j ] . nb [ c ] ;
i f ( i == k) cont inue ;
f l o a t dx = atom [ i ] . x − atom [ k ] . x ;
f l o a t dy = atom [ i ] . y − atom [ k ] . y ;
f l o a t dz = atom [ i ] . z − atom [ k ] . z ;

515 f l o a t d = dx ∗ dx + dy ∗ dy + dz ∗ dz ;
i n s e r t by i nd ex ( i , k , d ) ;

}
}
a s s e r t ( atom [ i ] . count >= B) ;

520 s o r t by d i s t a n c e ( i ) ;
f o r ( i n t b = 0 ; b < B; ++b)

atom [ i ] . nb [ b ] = atom [ i ] . nbnb [ b ] . i ;
m = fmaxf (m, atom [ i ] . nbnb [B−1 ] . f ) ;

}
525 metr ic = m;

}

void upda t e o s c i l l a t o r amp l i t ud e s ( void )
{

530 i n t des t = 1 − wh i c h o s c i l l a t o r b u f f e r ;
#i f 0

i n t l = 0 ;
f o r ( i n t i = −1; i <= 1 ; i += 1)
f o r ( i n t j = −1; j <= 1 ; j += 1)
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535 f o r ( i n t k = −1; k <= 1 ; k += 1)
{

i f ( l >= OSCILLATORS) break ;
i f ( i == 0 && j == 0 && k == 0) cont inue ;
o s c i l l a t o r t a r g e t s [ l ] = f i n d t a r g e t ( i , j , k ) ;

540 ++l ;
}
f o r ( i n t i = 0 ; i < OSCILLATORS && i < N; ++i )
{

o s c i l l a t o r s [ des t ] [ i ] . i = o s c i l l a t o r t a r g e t s [ i ] ;
545 o s c i l l a t o r s [ des t ] [ i ] . f = powf ( atom [ o s c i l l a t o r t a r g e t s [ i ] ] . speed , 8 . 0 ) ;

}
qso r t (& o s c i l l a t o r s [ des t ] [ 0 ] , OSCILLATORS < N ? OSCILLATORS : N, s i z e o f (⤦

Ç o s c i l l a t o r s [ 0 ] [ 0 ] ) , cmp index f r ev ) ;
#e l s e

f o r ( i n t i = 0 ; i < N; ++i )
550 {

o s c i l l a t o r s [ des t ] [ i ] . i = i ;
o s c i l l a t o r s [ des t ] [ i ] . f = powf ( atom [ i ] . speed , 8 . 0 ) ;

}
// qso r t (& o s c i l l a t o r s [ des t ] [ 0 ] , N, s i z e o f ( o s c i l l a t o r s [ 0 ] [ 0 ] ) , cmp index f r ev ) ;

555 #end i f
whi l e ( i n aud i o cb )

; // sp in in case audio ca l l ba ck i s copying prev ious data
wh i c h o s c i l l a t o r b u f f e r = dest ;

// re turn atom [ o s c i l l a t o r s [ des t ] [ OSCILLATORS − 1 ] . i ] . speed ;
560 }

void step ( void )
{

f o r ( i n t i = 0 ; i < N; ++i )
565 f i e l d a t a t om (&atom [ i ] . ddx , &atom [ i ] . ddy , &atom [ i ] . ddz , i ) ;

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

atom [ i ] . dx += atom [ i ] . ddx ∗ dt ;
atom [ i ] . dy += atom [ i ] . ddy ∗ dt ;

570 atom [ i ] . dz += atom [ i ] . ddz ∗ dt ;
// d = normal ize ( c r o s s (p , c r o s s (p , d) ) )
f l o a t a1 = atom [ i ] . x ;
f l o a t a2 = atom [ i ] . y ;
f l o a t a3 = atom [ i ] . z ;

575 f l o a t b1 = atom [ i ] . dx ;
f l o a t b2 = atom [ i ] . dy ;
f l o a t b3 = atom [ i ] . dz ;
f l o a t s1 = a2 ∗ b3 − a3 ∗ b2 ;
f l o a t s2 = a3 ∗ b1 − a1 ∗ b3 ;

580 f l o a t s3 = a1 ∗ b2 − a2 ∗ b1 ;
f l o a t t1 = a2 ∗ s3 − a3 ∗ s2 ;
f l o a t t2 = a3 ∗ s1 − a1 ∗ s3 ;
f l o a t t3 = a1 ∗ s2 − a2 ∗ s1 ;
f l o a t t = − s q r t f ( t1 ∗ t1 + t2 ∗ t2 + t3 ∗ t3 ) ;

585 atom [ i ] . dx = t1 / t ;
atom [ i ] . dy = t2 / t ;
atom [ i ] . dz = t3 / t ;

}
f o r ( i n t i = 0 ; i < N; ++i )

590 {
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f l o a t ox = atom [ i ] . x ;
f l o a t oy = atom [ i ] . y ;
f l o a t oz = atom [ i ] . z ;
// boost = exp ( dot ( o , f o cu s ) ) ;

595 f l o a t boost = expf ( ox ∗ f o cu s [ 0 ] + oy ∗ f o cu s [ 1 ] + oz ∗ f o cu s [ 2 ] ) ;
f l o a t x = atom [ i ] . x + atom [ i ] . dx ∗ dt ∗ SPEED ∗ boost ;
f l o a t y = atom [ i ] . y + atom [ i ] . dy ∗ dt ∗ SPEED ∗ boost ;
f l o a t z = atom [ i ] . z + atom [ i ] . dz ∗ dt ∗ SPEED ∗ boost ;
f l o a t R = x ∗ x + y ∗ y + z ∗ z ;

600 R = sq r t f (R) ;
atom [ i ] . x = x / R;
atom [ i ] . y = y / R;
atom [ i ] . z = z / R;

#i f 0
605 f l o a t nx = atom [ i ] . x ;

f l o a t ny = atom [ i ] . y ;
f l o a t nz = atom [ i ] . z ;
f l o a t dx = nx − ox ;
f l o a t dy = ny − oy ;

610 f l o a t dz = nz − oz ;
f l o a t s = s q r t f ( dx ∗ dx + dy ∗ dy + dz ∗ dz ) ;
atom [ i ] . speed = tanhf ( s / (SPEED ∗ dt ) ) ;

#e l s e
atom [ i ] . speed = tanhf ( boost ) ;

615 #end i f

}
update nea re s t ne i ghbour s ( ) ;
upda t e o s c i l l a t o r amp l i t ud e s ( ) ;

620 }

void p l o t ( i n t x , i n t y , i n t r , i n t g , i n t b)
{

i f (0 <= x && x < W && 0 <= y && y < H)
625 {

y = H−1 − y ;
x = (W/2 + W−1 − x ) % W;
ppm[ y ] [ x ] [ 0 ] = r ;
ppm[ y ] [ x ] [ 1 ] = g ;

630 ppm[ y ] [ x ] [ 2 ] = b ;
}

}

void l i n eL ( i n t x0 , i n t y0 , i n t x1 , i n t y1 , i n t r , i n t g , i n t b)
635 {

i n t dx = x1 − x0 ;
i n t dy = y1 − y0 ;
i n t y i = 1 ;
i f ( dy < 0)

640 {
y i = −1;
dy = −dy ;

}
i n t D = 2∗dy − dx ;

645 i n t y = y0 ;
f o r ( i n t x = x0 ; x <= x1 ; ++x)
{
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p lo t (x , y , r , g , b ) ;
i f (D > 0)

650 {
y = y + yi ;
D = D − 2∗dx ;

}
D = D + 2∗dy ;

655 }
}

void l ineH ( i n t x0 , i n t y0 , i n t x1 , i n t y1 , i n t r , i n t g , i n t b)
{

660 i n t dx = x1 − x0 ;
i n t dy = y1 − y0 ;
i n t x i = 1 ;
i f ( dx < 0)
{

665 x i = −1;
dx = −dx ;

}
i n t D = 2∗dx − dy ;
i n t x = x0 ;

670

f o r ( i n t y = y0 ; y <= y1 ; ++y)
{

p lo t (x , y , r , g , b ) ;
i f (D > 0)

675 {
x = x + xi ;
D = D − 2∗dy ;

}
D = D + 2∗dx ;

680 }
}

void l i n e ( i n t x0 , i n t y0 , i n t x1 , i n t y1 , i n t r , i n t g , i n t b)
{

685 i f ( abs ( y1 − y0 ) < abs ( x1 − x0 ) )
i f ( x0 > x1 )

l i n eL ( x1 , y1 , x0 , y0 , r , g , b ) ;
e l s e

l i n eL ( x0 , y0 , x1 , y1 , r , g , b ) ;
690 e l s e

i f ( y0 > y1 )
l ineH (x1 , y1 , x0 , y0 , r , g , b ) ;

e l s e
l ineH (x0 , y0 , x1 , y1 , r , g , b ) ;

695 }

void draw geodes i c ( f l o a t x0 , f l o a t y0 , f l o a t z0 , f l o a t x1 , f l o a t y1 , f l o a t z1 , ⤦
Ç i n t red , i n t grn , i n t blu , i n t depth )

{
i f ( depth == 0)

700 {
i n t i 0 = atan2f ( y0 , x0 ) / (2 ∗ pi ) ∗ W;
i f ( i 0 < 0) i 0 += W;
in t j 0 = aco s f ( z0 ) / p i ∗ H;
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i n t i 1 = atan2f ( y1 , x1 ) / (2 ∗ pi ) ∗ W;
705 i f ( i 1 < 0) i 1 += W;

in t j 1 = aco s f ( z1 ) / p i ∗ H;
i f ( i 0 < W ∗ 0 .25 && W ∗ 0 .75 < i 1 )
{

l i n e ( i0 , j0 , i 1 − W, j1 , red , grn , blu ) ;
710 l i n e ( i 0 + W, j0 , i1 , j1 , red , grn , blu ) ;

}
e l s e
i f ( i 1 < W ∗ 0 .25 && W ∗ 0 .75 < i 0 )
{

715 l i n e ( i 0 − W, j0 , i1 , j1 , red , grn , blu ) ;
l i n e ( i0 , j0 , i 1 + W, j1 , red , grn , blu ) ;

}
e l s e

l i n e ( i0 , j0 , i1 , j1 , red , grn , blu ) ;
720 }

e l s e
{

f l o a t x2 = x0 + x1 ;
f l o a t y2 = y0 + y1 ;

725 f l o a t z2 = z0 + z1 ;
f l o a t r2 = x2 ∗ x2 + y2 ∗ y2 + z2 ∗ z2 ;
f l o a t r = s q r t f ( r2 ) ;
x2 /= r ;
y2 /= r ;

730 z2 /= r ;
draw geodes i c ( x0 , y0 , z0 , x2 , y2 , z2 , red , grn , blu , depth − 1) ;
draw geodes i c ( x2 , y2 , z2 , x1 , y1 , z1 , red , grn , blu , depth − 1) ;

}
}

735

void d r aw l i n e s f o r ( i n t i , i n t red , i n t grn , i n t blu )
{

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

740 i n t j = atom [ i ] . nb [ b ] ;
draw geodes i c

( atom [ i ] . x , atom [ i ] . y , atom [ i ] . z
, atom [ j ] . x , atom [ j ] . y , atom [ j ] . z
, red , grn , blu

745 , 6
) ;

}
}

750 void draw point ( i n t i , i n t red , i n t grn , i n t blu )
{

f l o a t ax = atom [ i ] . x ;
f l o a t ay = atom [ i ] . y ;
f l o a t az = atom [ i ] . z ;

755 f l o a t x0 = atan2f ( ay , ax ) / (2 ∗ pi ) ;
x0 −= f l o o r ( x0 ) ;
x0 ∗= W;
f l o a t y0 = aco s f ( az ) / p i ∗ H;
f o r ( i n t dy = −R0 ; dy <= R0 ; ++dy)

760 {
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i n t y = y0 + dy ;
f l o a t w = 1 − f a b s f ( ( y0 + dy + 0 .5 f ) / H ∗ 2 − 1) ;
i f ( y < 0) cont inue ;
i f ( y >= H) cont inue ;

765 f o r ( i n t dx = −R0 / w; dx <= R0 / w; ++dx)
{

i n t x = x0 + dx ;
whi l e ( x < 0) x += W;
whi l e ( x >= W) x −= W;

770 i f ( dx ∗ dx ∗ w ∗ w + dy ∗ dy > R0 ∗ R0) cont inue ;
p l o t (x , y , red , grn , blu ) ;

}
}

}
775

void d raw l i n e s ( i n t t a r g e t )
{

// everyth ing dark blue
f o r ( i n t i = 0 ; i < N; ++i )

780 d r aw l i n e s f o r ( i , 0x00 , 0x00 , 0x80 ) ;
// ne ighbours b r i gh t green
f o r ( i n t b = 0 ; b < B; ++b)

d r aw l i n e s f o r ( atom [ t a r g e t ] . nb [ b ] , 0x00 , 0xFF , 0x00 ) ;
// t a r g e t ye l low

785 d r aw l i n e s f o r ( target , 0xFF , 0xFF , 0x00 ) ;
}

void draw points ( i n t t a r g e t )
790 {

// everyth ing dark blue
f o r ( i n t i = 0 ; i < N; ++i )

draw point ( i , 0x00 , 0x00 , 0x80 ) ;
// ne ighbours o f ne ighbours b r i gh t green

795 f o r ( i n t b = 0 ; b < B; ++b)
{

i n t j = atom [ t a r g e t ] . nb [ b ] ;
f o r ( i n t c = 0 ; c < B; ++c )

draw point ( atom [ j ] . nb [ c ] , 0x00 , 0xFF , 0x00 ) ;
800 }

// ne ighbours ye l low
f o r ( i n t b = 0 ; b < B; ++b)

draw point ( atom [ t a r g e t ] . nb [ b ] , 0xFF , 0xFF , 0x00 ) ;
// t a r g e t red

805 draw point ( target , 0xFF , 0x00 , 0x00 ) ;
}

void d r aw t r a i l s ( void )
{

810 const i n t co l ou r [ 4 ] [ 3 ] = { { 0 , 0 , 0 } , { 0 , 0x80 , 0xFF } , { 0xFF , 51 , 0 } , { ⤦
Ç 0xFF , 0xFF , 0xFF } } ;

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

i f ( i % 4 != 3) cont inue ;
draw point ( i , c o l ou r [ i %4 ] [ 0 ] , c o l ou r [ i %4 ] [ 1 ] , c o l ou r [ i %4 ] [ 2 ] ) ;

815 }
}
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void output (FILE ∗ v i d f i l e )
{

820 f p r i n t f ( v i d f i l e , ”P6\n%d %d\n255\n” , W, H) ;
fw r i t e (&ppm [ 0 ] [ 0 ] [ 0 ] , s i z e o f (ppm [ 0 ] [ 0 ] [ 0 ] ) ∗ 3 ∗ W ∗ H, 1 , v i d f i l e ) ;
f f l u s h ( v i d f i l e ) ;

}

825

// entry po int
extern i n t main ( i n t argc , char ∗∗ argv )
{

( void ) argv ;
830 i n t RECORD = argc > 1 ;

f o r ( i n t o = 0 ; o < 16 ; ++o )
l o p 1 i n i t (& o u t p u t f i l t e r s [ o ] , 1000) ;

835 g l fw I n i t ( ) ;
glfwWindowHint (GLFW CLIENT API, GLFW OPENGL API) ;
glfwWindowHint (GLFWCONTEXTVERSIONMAJOR, 3) ;
glfwWindowHint (GLFWCONTEXT VERSIONMINOR, 3) ;
glfwWindowHint (GLFW OPENGL PROFILE, GLFWOPENGL CORE PROFILE) ;

840 glfwWindowHint (GLFWOPENGLFORWARDCOMPAT, GL TRUE) ;
glfwWindowHint (GLFW RESIZABLE, GL FALSE) ;
glfwWindowHint (GLFWDECORATED, GL TRUE) ;
GLFWwindow ∗window = glfwCreateWindow (WINW, WINH, ”meshwalk ” , 0 , 0) ;
glfwMakeContextCurrent (window) ;

845 gl fwSetKeyCal lback (window , keycb ) ;
glewExperimental = GL TRUE;
g l ew In i t ( ) ;
g lGetError ( ) ; // d i s ca rd common e r r o r from glew
// s e t up ver tex array ob j e c t

850 g lC l ea rCo lo r (0 , 0 , 0 , 1) ;
GLuint vao ;
glGenVertexArrays (1 , &vao ) ;
glBindVertexArray ( vao ) ;
// s e t up f ramebu f f e r

855 GLuint fbo [ 2 ] ;
g lGenFramebuffers (2 , &fbo [ 0 ] ) ;
GLuint tex [ 2 ] ;
glGenTextures (2 , &tex [ 0 ] ) ;
g lBindFramebuffer (GL FRAMEBUFFER, fbo [ 0 ] ) ;

860 g lAct iveTexture (GL TEXTURE1) ;
glBindTexture (GL TEXTURE 2D MULTISAMPLE, tex [ 0 ] ) ;
glTexImage2DMultisample (GL TEXTURE 2D MULTISAMPLE, 8 , GL RGB, 8192/SUB, 4096/⤦

Ç SUB, GL FALSE) ;
glFramebufferTexture2D (GL FRAMEBUFFER, GLCOLORATTACHMENT0, ⤦

Ç GL TEXTURE 2D MULTISAMPLE, tex [ 0 ] , 0) ;
GLenum sta tu s = glCheckFramebuf ferStatus (GLFRAMEBUFFER) ;

865 i f ( s t a tu s != GLFRAMEBUFFERCOMPLETE)
f p r i n t f ( s tde r r , ”GL FRAMEBUFFER STATUS %d\n” , s t a tu s ) ;

g lBindFramebuffer (GL FRAMEBUFFER, fbo [ 1 ] ) ;
g lAct iveTexture (GL TEXTURE0) ;
glBindTexture (GL TEXTURE 2D, tex [ 1 ] ) ;

870 glTexImage2D (GL TEXTURE 2D, 0 , GL RGB, 8192/SUB, 4096/SUB, 0 , GL RGB, ⤦
Ç GL UNSIGNED BYTE, 0) ;
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glFramebufferTexture2D (GL FRAMEBUFFER, GLCOLORATTACHMENT0, GL TEXTURE 2D, ⤦
Ç tex [ 1 ] , 0) ;

s t a tu s = glCheckFramebuf ferStatus (GLFRAMEBUFFER) ;
i f ( s t a tu s != GLFRAMEBUFFERCOMPLETE)

f p r i n t f ( s tde r r , ”GL FRAMEBUFFER STATUS %d\n” , s t a tu s ) ;
875 // s e t up shader

const char ∗ s v e r t e x =
”#ve r s i on 330 core \n”
”out vec2 tc ;\n”
” const f l o a t p i = 3 .141592653 ;\n”

880 ” void main ( ) \n”
”{\n”
” i f ( g l VertexID == 0) { tc = vec2 ( pi , −pi /2 . 0 ) ; g l P o s i t i o n = vec4 ( −1 .0 ,⤦

Ç −1.0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” i f ( g l VertexID == 1) { tc = vec2 (−pi , −pi /2 . 0 ) ; g l P o s i t i o n = vec4 ( 1 . 0 ,⤦

Ç −1.0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” i f ( g l VertexID == 2) { tc = vec2 ( pi , p i /2 . 0 ) ; g l P o s i t i o n = vec4 ( −1 .0 ,⤦

Ç 1 . 0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
885 ” i f ( g l VertexID == 3) { tc = vec2 (−pi , p i /2 . 0 ) ; g l P o s i t i o n = vec4 ( 1 . 0 ,⤦

Ç 1 . 0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” { tc = vec2 ( 0 . 0 ) ; g l P o s i t i o n = vec4 ( 0 . 0 ) ; }\n”
”}\n”
;

const char ∗ s f ragment =
890 ”#ve r s i on 330 core \n”

” in vec2 tc ;\n”
”uniform in t N;\n”
”uniform vec4 po s i t i o n [ 4 0 0 0 ] ; \ n”
” layout ( l o c a t i o n = 0) out vec4 co l our ;\n”

895 ” void main ( ) \n”
”{\n”
” vec3 me = vec3 ( cos ( tc . x ) ∗ cos ( tc . y ) , s i n ( tc . x ) ∗ cos ( tc . y ) , s i n ( tc . y ) ) ;\⤦

Ç n”
” f l o a t de l t a = length ( vec2 ( l ength (dFdx(me) ) , l ength (dFdy(me) ) ) ) ;\n”
” f l o a t maxdot = −2 .0 ;\n”

900 ” i n t ix = 0 ;\n”
” f l o a t maxdot2 = −2 .0 ;\n”
” i n t ix2 = 0 ;\n”
” f o r ( i n t i = 0 ; i < N && i < 4000 ; ++i ) \n”
” {\n”

905 ” f l o a t d = dot ( p o s i t i o n [ i ] . xyz , me) ;\n”
” i f (d > maxdot ) { maxdot2 = maxdot ; ix2 = ix ; maxdot = d ; ix = i ; }\n”
” e l s e \n”
” i f (d > maxdot2 ) { maxdot2 = d ; ix2 = i ; }\n”
” }\n”

910 ” vec3 blue = vec3 ( 0 . 0 , 0 . 5 , 1 . 0 ) ;\n”
” vec3 white = vec3 ( 1 . 0 ) ;\n”
” vec3 red = vec3 ( 1 . 0 , 0 . 2 , 0 . 0 ) ;\n”
” vec3 black = vec3 ( 0 . 0 ) ;\n”
” vec3 mine = mix ( vec3 ( 0 . 5 ) , vec3 [ 4 ] ( black , blue , red , white ) [ i x & 3 ] , ⤦

Ç po s i t i o n [ i x ] .w) ;\n”
915 ” vec3 them = mix ( vec3 ( 0 . 5 ) , vec3 [ 4 ] ( black , blue , red , white ) [ ix2 & 3 ] , ⤦

Ç po s i t i o n [ ix2 ] .w) ;\n”
” f l o a t lmine = length ( po s i t i o n [ i x ] . xyz − me) ;\n”
” f l o a t lthem = length ( po s i t i o n [ ix2 ] . xyz − me) ;\n”
” f l o a t lme = lmine − lthem ;\n”
” co l our = vec4 (mix (mine , them , smoothstep (− de l ta , de l ta , lme ) ) , 1 . 0 ) ;\n”
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920 ”}\n”
;
GLuint d i sp l ay = ver t ex f ragment shader ( s ve r t ex , s f ragment ) ;
glUseProgram ( d i sp l ay ) ;
u po s i t i o n = glGetUniformLocation ( d i sp lay , ” p o s i t i o n ”) ;

925 GLint u N = glGetUniformLocation ( d i sp lay , ”N”) ;
g lUni form1i (u N , N) ;
SF INFO in f o = { 0 , SR, 16 , SF FORMATWAV | SF FORMAT FLOAT, 0 , 0 } ;
SNDFILE ∗ s n d f i l e = 0 ;
FILE ∗ v i d f i l e = stdout ;

930 i f (RECORD)
{

s n d f i l e = s f open (”meshwalk −3.1 a . wav” , SFM WRITE, &i n f o ) ;
}
e l s e

935 {
i f ( ! ( c l i e n t = j a c k c l i e n t o p e n (”meshwalk ” , JackNoStartServer , 0) ) ) {

f p r i n t f ( s tde r r , ” jack s e r v e r not running ?\n”) ;
r e turn 1 ;

}
940 j a c k s e t p r o c e s s c a l l b a c k ( c l i e n t , processcb , 0) ;

/∗ c r e a t e por t s ∗/
f o r ( i n t i = 0 ; i < 16 ; ++i )
{

char portname [ 1 0 0 ] ;
945 s np r i n t f ( portname , 100 , ” output %d” , i + 1) ;

port [ i ] = j a c k p o r t r e g i s t e r ( c l i e n t , portname , JACK DEFAULT AUDIO TYPE, ⤦
Ç JackPortIsOutput , 0) ;

}
/∗ a c t i v a t e audio ∗/
i f ( j a c k a c t i v a t e ( c l i e n t ) ) {

950 f p r i n t f ( s tde r r , ” cannot a c t i v a t e JACK c l i e n t ”) ;
r e turn 1 ;

}
}

955 f l o a t frames [SR/FPS ] [ 1 6 ] ;
// wr i t e t i t l e s
i f (RECORD)
{

f o r ( i n t i = 0 ; i < SR/FPS ; ++i )
960 f o r ( i n t c = 0 ; c < 16 ; ++c )

frames [ i ] [ c ] = 0 ;
f o r ( i n t f = 0 ; f < FPS ∗ 3 ; ++f )

s f w r i t e f f l o a t ( s nd f i l e , &frames [ 0 ] [ 0 ] , SR/FPS) ;
}

965 i n i t ( ) ;
i n t d i r t y = 1 ;
double l a s t = glfwGetTime ( ) ;
i n t l a s t c oun t = 0 ;
memset(&ppm [ 0 ] [ 0 ] [ 0 ] , 0x80 , 8192/SUB ∗ 4096/SUB ∗ 3) ;

970 f l o a t f o c u s t a r g e t [ 3 ] = { 0 , 0 , 0 } ;
LOP1 f o c u s f i l t e r [ 3 ] ;
f l o a t fhz = 4 .0 f ∗ SR / FPS ;
l o p 1 i n i t (& f o c u s f i l t e r [ 0 ] , fhz ) ;
l o p 1 i n i t (& f o c u s f i l t e r [ 1 ] , fhz ) ;

975 l o p 1 i n i t (& f o c u s f i l t e r [ 2 ] , fhz ) ;
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// 1/2 = g ∗ (1 + (1−g ) + (1−g ) ˆ2 + . . . + (1−g ) ˆ(H−1) )
// = g ∗ (1 − (1 − g ) ˆ(H−1) ) / (1 − (1 − g ) )
// = 1 − (1 − g ) ˆ(H−1)
// g = 1 − (1/2) ˆ(1/(H−1) )

980 double g e i g e r = 1 .0 − pow (0 . 5 , 4 . 0 / FPS) ;
f o r ( i n t f = 0 ; ! glfwWindowShouldClose (window) ; ++f )
{

DISTANCE = 1 ;
Ky = DISTANCE ∗ 2 .0 f ∗ s q r t f ( 4 . 0 f / N) ;

985 K = 1.0 / (Ky ∗ Ky) ;
sqrtK = s q r t f (K) ;
i f ( rand ( ) / ( double ) RANDMAX < g e i g e r )
{

f l o a t R;
990 do

{
R = 0 ;
f o r ( i n t c = 0 ; c < 3 ; ++c )
{

995 f o c u s t a r g e t [ c ] = 2 .0 f ∗ ( rand ( ) / ( f l o a t ) RANDMAX − 0 .5 f ) ;
R += f o c u s t a r g e t [ c ] ∗ f o c u s t a r g e t [ c ] ;

}
} whi le (R > 1) ;
R = s q r t f (R) ;

1000 f l o a t G = 0.5 ∗ (1 − cos (2 ∗ pi ∗ ( f − (FPS ∗ (1 ∗ 60 + 0) ) ) / (FPS ∗ (4 ∗⤦
Ç 60 − 6) ) ) ) / R;

f o c u s t a r g e t [ 0 ] ∗= G;
f o c u s t a r g e t [ 1 ] ∗= G;
f o c u s t a r g e t [ 2 ] ∗= G;

}
1005 f o cu s [ 0 ] = lop1(& f o c u s f i l t e r [ 0 ] , f o c u s t a r g e t [ 0 ] ) ;

f o cu s [ 1 ] = lop1(& f o c u s f i l t e r [ 1 ] , f o c u s t a r g e t [ 1 ] ) ;
f o cu s [ 2 ] = lop1(& f o c u s f i l t e r [ 2 ] , f o c u s t a r g e t [ 2 ] ) ;
i f (DEBUG AMBISONICS AXES)
{

1010 i n t k = ( f / FPS) % 6 ;
const f l o a t t a r g e t s [ 6 ] [ 3 ] =

{ { 1 , 0 , 0 } , { −1 , 0 , 0 } // f ront , back
, { 0 , 1 , 0 } , { 0 , −1 , 0 } // l e f t , r i g h t
, { 0 , 0 , 1 } , { 0 , 0 , −1 } // top , bottom

1015 } ;
f o cu s [ 0 ] = t a r g e t s [ k ] [ 0 ] ;
f o cu s [ 1 ] = t a r g e t s [ k ] [ 1 ] ;
f o cu s [ 2 ] = t a r g e t s [ k ] [ 2 ] ;

}
1020 i f (DEBUG AMBISONICS SPIN != 0)

{
f l o a t t = DEBUG AMBISONICS SPIN;
f l o a t c = cos ( t ) ;
f l o a t s = s i n ( t ) ;

1025 f l o a t M[ 3 ] [ 3 ] = { { c , s , 0 } , { −s , c , 0} , { 0 , 0 , 1 } } ;
f l o a t nV [ 3 ] [ 3 ] ;
f o r ( i n t i = 0 ; i < 3 ; ++i )
f o r ( i n t j = 0 ; j < 3 ; ++j )
{

1030 nV[ i ] [ j ] = 0 ;
f o r ( i n t k = 0 ; k < 3 ; ++k)
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nV[ i ] [ j ] += M[ i ] [ k ] ∗ V[ k ] [ j ] ;
}
f o r ( i n t i = 0 ; i < 3 ; ++i )

1035 f o r ( i n t j = 0 ; j < 3 ; ++j )
V[ i ] [ j ] = nV[ i ] [ j ] ;

}
double now = glfwGetTime ( ) ;
i f (now − l a s t > 1)

1040 {
f p r i n t f ( s tde r r , ”\n%f fp s \n%f max\n” , ( f − l a s t c oun t ) / (now − l a s t ) , ⤦

Ç s q r t f ( metr ic ) / Ky) ;
l a s t c oun t = f ;
l a s t = now ;

}
1045 i f (RECORD && f >= FPS ∗ (60 ∗ 5 − 6) )

break ;

s tep ( ) ;

1050 i f ( (RECORD && f >= FPS ∗ 60 ∗ 1) | | ! RECORD)
{

#i f RECORDVIDEO
upload uni forms ( ) ;
g lBindFramebuffer (GL FRAMEBUFFER, fbo [ 1 ] ) ;

1055 g lC l ea r (GL COLOR BUFFER BIT) ;
glViewport (0 , 0 , 8192/SUB, 4096/SUB) ;
glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;

#i f 0
glBindFramebuffer (GLDRAWFRAMEBUFFER, fbo [ 1 ] ) ;

1060 g lB l i tFramebu f f e r
( 0 , 0 , 8192/SUB, 4096/SUB
, 0 , 0 , 8192/SUB, 4096/SUB
, GL COLOR BUFFER BIT, GL LINEAR
) ;

1065 // download output frame
glBindFramebuffer (GL READ FRAMEBUFFER, fbo [ 1 ] ) ;

#end i f
i f (RECORD && f >= FPS ∗ 60 ∗ 1 && DRAWVORONOI)
{

1070 d i r t y = 0 ;
g lReadPixe l s (0 , 0 , 8192/SUB, 4096/SUB, GL RGB, GL UNSIGNED BYTE, &ppm⤦

Ç [ 0 ] [ 0 ] [ 0 ] ) ;
}
e l s e i f ( d i r t y && DRAWCLEAR)
{

1075 d i r t y = 0 ;
memset(&ppm [ 0 ] [ 0 ] [ 0 ] , 0 , 8192/SUB ∗ 4096/SUB ∗ 3) ;

}
i n t t a r g e t = f i n d t a r g e t (1 , 0 , 0) ;
i f (DRAW LINES)

1080 {
d i r t y = 1 ;
d raw l i n e s ( t a r g e t ) ;

}
i f (DRAWPOINTS)

1085 {
d i r t y = 1 ;
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draw points ( t a r g e t ) ;
}
i f (DRAWTRAILS)

1090 {
d i r t y = 1 ;
d r aw t r a i l s ( ) ;

}
// preview

1095 glBindFramebuffer (GLDRAWFRAMEBUFFER, 0) ;
g lC l ea r (GL COLOR BUFFER BIT) ;
g lB l i tFramebu f f e r

( 0 , 0 , 8192/SUB, 4096/SUB
, 0 , (WINH − WINW/2) / 2 , WINW, (WINH + WINW/2) / 2

1100 , GL COLOR BUFFER BIT, GL LINEAR
) ;

// r ed i s p l a y
gl fwSwapBuffers (window) ;
g l fwPo l lEvents ( ) ;

1105 GLuint e ;
whi l e ( ( e = glGetError ( ) ) ) f p r i n t f ( s tde r r , ”GL ERROR %d\n” , e ) ;

#end i f

// output PPM to stdout ( f l i p p e d v e r t i c a l l y )
1110 i f (RECORD && f >= FPS ∗ 60 ∗ 1)

{
#i f RECORDVIDEO

f p r i n t f ( v i d f i l e , ”P6\n%d %d\n255\n” , 8192/SUB, 4096/SUB) ;
fw r i t e (&ppm [ 0 ] [ 0 ] [ 0 ] , 8192/SUB ∗ 4096/SUB ∗ 3 , 1 , v i d f i l e ) ;

1115 i f ( f == FPS ∗ 60 ∗ 1)
{

FILE ∗ im g f i l e = popen (”pnmtopng − f o r c e − i n t e r l a c e −compress ion 9 > ⤦
Ç meshwalk −3 . 1 . png ” , ”w”) ;

f p r i n t f ( img f i l e , ”P6\n%d %d\n255\n” , 8192/SUB, 4096/SUB) ;
fw r i t e (&ppm [ 0 ] [ 0 ] [ 0 ] , 8192/SUB ∗ 4096/SUB ∗ 3 , 1 , img f i l e ) ;

1120 pc l o s e ( img f i l e ) ;
}

#end i f
#i f RECORDAUDIO

f l o a t audio [ 1 6 ] [ SR/FPS ] ;
1125 f l o a t ∗audiop [ 1 6 ] ;

f o r ( i n t c = 0 ; c < 16 ; ++c )
audiop [ c ] = &audio [ c ] [ 0 ] ;

audiocb ( audiop , SR/FPS, f ∗ SR/FPS) ;
f o r ( i n t i = 0 ; i < SR/FPS ; ++i )

1130 f o r ( i n t c = 0 ; c < 16 ; ++c )
frames [ i ] [ c ] = audio [ c ] [ i ] ;

s f w r i t e f f l o a t ( s nd f i l e , &frames [ 0 ] [ 0 ] , SR/FPS) ;
#end i f

}
1135 }

}
i f (RECORD)
{

// wr i t e c r e d i t s
1140 f o r ( i n t i = 0 ; i < SR/FPS ; ++i )

f o r ( i n t c = 0 ; c < 16 ; ++c )
frames [ i ] [ c ] = 0 ;
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f o r ( i n t f = 0 ; f < FPS ∗ 3 ; ++f )
s f w r i t e f f l o a t ( s nd f i l e , &frames [ 0 ] [ 0 ] , SR/FPS) ;

1145 s f c l o s e ( s n d f i l e ) ;
}
glfwDestroyWindow (window) ;
gl fwTerminate ( ) ;
r e turn 0 ;

1150 }

67 meshwalk/meshwalk-3.1-credits.png

68 meshwalk/meshwalk-3.1.sh

#!/bin /bash
s e t −e
make meshwalk −3.1
(

5 f o r i in $ ( seq 180)
do

pngtopnm < meshwalk −3.1− t i t l e . png
done |
f fmpeg −r 60 − i − −vf fade=in : 3 0 : 3 0 , fade=out : 1 20 : 3 0 − f image2pipe −codec : v ppm⤦

Ç −

10 . / meshwalk −3.1 −nrt
f o r i in $ ( seq 180)
do

pngtopnm < meshwalk −3.1− c r e d i t s . png
done |

15 f fmpeg −r 60 − i − −vf fade=in : 3 0 : 3 0 , fade=out : 1 20 : 3 0 − f image2pipe −codec : v ppm⤦
Ç −

) |
f fmpeg − f ramerate 60 − i − −codec : v png −y meshwalk −3.1 v .mkv
ffmpeg − i meshwalk −3.1 v .mkv − i meshwalk −3.1 a . wav \
−codec : v copy −codec : a copy \

20 −y meshwalk −3 . 1 .mkv
ffmpeg − i meshwalk −3 . 1 .mkv −a f pan=”4.0 | c0=c0 | c1=c1 | c2=c2 | c3=c3” \
−pix fmt yuv420p − p r o f i l e : v high − l e v e l : v 5 .1 −tune : v animation \
− c r f : v 20 −b : a 512k −movflags +f a s t s t a r t \
−y meshwalk −3.1 m .mp4

25 python2 . 7 . . / . . / . . / g ithub . com/ goog l e / spa t i a l −media/ spat i a lmed ia \
− i −− s pa t i a l −audio meshwalk −3.1 m .mp4 meshwalk −3 . 1 .mp4
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69 meshwalk/meshwalk-3.1-title.png

70 meshwalk/meshwalk-3.1-titles.tex

\documentclass { a r t i c l e }
\usepackage [ paperwidth=8.192cm, paperhe ight =4.096cm, margin=0.1cm]{ geometry}
\usepackage { lmodern}
\begin {document}

5 \ t h i s p a g e s t y l e {empty}
\hspace {0pt}
\ v f i l l
\ c en t e r i ng \ s f
{\ smal l meshwalk −3.1}

10

{\ t iny mathr . co . uk}

{\ t iny 2018}
\ v f i l l

15 \hspace {0pt}
\end{document}

71 meshwalk/meshwalk-3.2.c

/∗
meshwalk −− aud i ov i sua l drone
Copyright (C) 2018 Claude Heiland −Allen <claude@mathr . co . uk>

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <https : //www. gnu . org / l i c e n s e s />.

∗/
/∗
# bui ld

20 make
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# rea l t ime mode with JACK audio , p r e s s Q to e x i t
. / meshwalk −3.2

25 # render
. / meshwalk −3 . 2 . sh
∗/

#inc lude <a s s e r t . h>
30 #inc lude < l im i t s . h>

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

35 #inc lude <s t r i n g . h>

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

40 #inc lude <j ack / jack . h>
#inc lude <s n d f i l e . h>

#de f i n e p i 3 .141592653 f

45 #de f i n e SR 48000
#de f i n e FPS 30
#de f i n e LOD 4
#de f i n e OSCILLATORS 4000
#de f i n e GAIN 0 .1 f

50

#de f i n e DEBUG AMBISONICS 0
#de f i n e DEBUG AMBISONICS SPIN 0 //(2 ∗ pi / FPS / 12)
#de f i n e DEBUG AMBISONICS AXES 0

55 #de f i n e DRAWCLEAR 0
#de f i n e DRAWVORONOI 1
#de f i n e DRAW LINES 0
#de f i n e DRAWPOINTS 0
#de f i n e DRAWTRAILS 0

60

#de f i n e RECORDAUDIO 1
#de f i n e RECORDVIDEO 1

#de f i n e R0 4
65 #de f i n e W 8192

#de f i n e H 4096

#de f i n e WINW 1024
#de f i n e WINH 512

70

// note : must be <= 4000 ( l im i t s e t in fragment shader )
#de f i n e N OSCILLATORS
#de f i n e B 12

75 // one−po le one−zero low pass f i l t e r des igned in the Z plane

typede f f l o a t sample ;
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typede f s t r u c t {
80 sample x , b ;

double y , a ;
} LOP1;

s t a t i c i n l i n e LOP1 ∗ l o p 1 i n i t (LOP1 ∗ s , sample hz )
85 {

const double w = 2 ∗ pi ∗ fmin f ( fmaxf ( f abs ( hz / SR) , 0) , ( sample ) 0 . 5 ) ;
const double a = (1 − s i n (w) ) / cos (w) ;
const double b = (1 − a ) / 2 ;
s−>a = a ;

90 s−>b = b ;
s−>x = 0 ;
s−>y = 0 ;
re turn s ;

}
95

s t a t i c i n l i n e sample lop1 (LOP1 ∗ s , sample x )
{

const double y = s−>b ∗ ( x + s−>x ) + s−>a ∗ s−>y ;
s−>x = x ;

100 s−>y = y ;
re turn y ;

}

105 f l o a t DISTANCE;
f l o a t Ky;
f l o a t K;
f l o a t sqrtK ;
const f l o a t dt = 1 .0 f / FPS ;

110 const f l o a t SPEED = 2.0 ∗ s q r t f ( 1 . 0 f / N) ;

GLint u po s i t i o n ;
GLfloat p o s i t i o n [N ] [ 4 ] ;

115 GLfloat V [ 3 ] [ 3 ] = { { 1 , 0 , 0 } , { 0 , 1 , 0 } , { 0 , 0 , 1 } } ;

f l o a t f o cus [ 3 ] ;

const f l o a t sp in axe s [ 4 ] [ 3 ] =
120 { { −1 , −1 , −1 }

, { 1 , 1 , −1 }
, { 1 , −1 , 1 }
, { −1 , 1 , 1 }
} ;

125

i n t o s c i l l a t o r t a r g e t s [OSCILLATORS ] ;

LOP1 o u t p u t f i l t e r s [ 1 6 ] ;

130 typede f s t r u c t { f l o a t f ; i n t i ; } i ndex t ;

typede f s t r u c t
{

f l o a t x , y , z , dx , dy , dz , ddx , ddy , ddz , speed ;
135 i ndex t nbnb [B ∗ B + B ] ;
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i n t nb [B ] ;
i n t count ;

} node ;

140 node atom [N ] ;
i n t wh i c h o s c i l l a t o r b u f f e r = 0 ;
i ndex t o s c i l l a t o r s [ 3 ] [N ] ;

s t a t i c i n l i n e u i n t 32 t hash ( u i n t 32 t a )
145 {

a = ( a+0x7ed55d16u ) + (a<<12) ;
a = ( aˆ0 xc761c23cu ) ˆ (a>>19) ;
a = ( a+0x165667b1u ) + (a<<5) ;
a = ( a+0xd3a2646cu ) ˆ (a<<9) ;

150 a = ( a+0xfd7046c5u ) + (a<<3) ;
a = ( aˆ0 xb55a4f09u ) ˆ (a>>16) ;
r e turn a ;

}

155 // GLFW keyboard ca l l ba ck
s t a t i c void keycb

( GLFWwindow ∗window
, i n t key
, i n t scancode

160 , i n t ac t i on
, i n t mods
)

{
( void ) key ;

165 ( void ) scancode ;
( void ) mods ;
i f ( a c t i on == GLFW PRESS)

glfwSetWindowShouldClose (window , GL TRUE) ;
}

170

f l o a t audio xyz [N ] [ 3 ] ;
s t a t i c void audiocb ( f l o a t ∗output [ 1 6 ] , i n t n , i n t f , i n t which )
{

f l o a t out [ 1 6 ] [ n ] ;
175 i n t source = wh i c h o s c i l l a t o r b u f f e r ;

f o r ( i n t o = 0 ; o < OSCILLATORS && o < N; ++o )
{

i n t i = o s c i l l a t o r s [ source ] [ o ] . i ;
o s c i l l a t o r s [ 2 ] [ o ] = o s c i l l a t o r s [ source ] [ o ] ;

180 f l o a t x = atom [ i ] . x ;
f l o a t y = atom [ i ] . y ;
f l o a t z = atom [ i ] . z ;
audio xyz [ o ] [ 0 ] = V[ 0 ] [ 0 ] ∗ x + V[ 0 ] [ 1 ] ∗ y + V[ 0 ] [ 2 ] ∗ z ;
audio xyz [ o ] [ 1 ] = V[ 1 ] [ 0 ] ∗ x + V[ 1 ] [ 1 ] ∗ y + V[ 1 ] [ 2 ] ∗ z ;

185 audio xyz [ o ] [ 2 ] = V[ 2 ] [ 0 ] ∗ x + V[ 2 ] [ 1 ] ∗ y + V[ 2 ] [ 2 ] ∗ z ;
}
f o r ( i n t c = 0 ; c < 16 ; ++c )

f o r ( i n t t = 0 ; t < n ; ++t )
out [ c ] [ t ] = 0 ;

190 f o r ( i n t o = 0 ; o < OSCILLATORS && o < N; ++o )
{

i n t i = o s c i l l a t o r s [ 2 ] [ o ] . i ;

177



dr1 meshwalk/meshwalk-3.2.c

i f ( which >= 0 && ( i & 3) != which ) cont inue ;
f l o a t amp = o s c i l l a t o r s [ 2 ] [ o ] . f ;

195 f l o a t x = audio xyz [ o ] [ 0 ] ;
f l o a t y = audio xyz [ o ] [ 1 ] ;
f l o a t z = audio xyz [ o ] [ 2 ] ;
f l o a t f a c t o r [ 1 6 ] ;
// order 0

200 f a c t o r [ 0 ] = 1 ;
// order 1
f a c t o r [ 1 ] = y ;
f a c t o r [ 2 ] = z ;
f a c t o r [ 3 ] = x ;

205 // order 2
f a c t o r [ 4 ] = sq r t (3 ) ∗ x ∗ y ;
f a c t o r [ 5 ] = sq r t (3 ) ∗ y ∗ z ;
f a c t o r [ 6 ] = 1/2 . ∗ (3 ∗ z ∗ z − 1) ;
f a c t o r [ 7 ] = sq r t (3 ) ∗ x ∗ z ;

210 f a c t o r [ 8 ] = sq r t ( 3 / 4 . ) ∗ ( x ∗ x − y ∗ y ) ;
// order 3
f a c t o r [ 9 ] = sq r t ( 5 / 8 . ) ∗ y ∗ (3 ∗ x ∗ x − y ∗ y ) ;
f a c t o r [ 1 0 ] = sq r t (15) ∗ x ∗ y ∗ z ;
f a c t o r [ 1 1 ] = sq r t ( 3 / 8 . ) ∗ y ∗ (5 ∗ z ∗ z − 1) ;

215 f a c t o r [ 1 2 ] = 1/2 . ∗ z ∗ (5 ∗ z ∗ z − 3) ;
f a c t o r [ 1 3 ] = sq r t ( 3 / 8 . ) ∗ x ∗ (5 ∗ z ∗ z − 1) ;
f a c t o r [ 1 4 ] = sq r t ( 1 5/4 . ) ∗ z ∗ ( x ∗ x − y ∗ y ) ;
f a c t o r [ 1 5 ] = sq r t ( 5 / 8 . ) ∗ x ∗ ( x ∗ x − 3 ∗ y ∗ y ) ;
i n t per iod = (720 + ( ( i % 15) −7) ) / ( ( i % 4) + 1) ;

220 f l o a t osc [ n ] ;
f o r ( i n t t = 0 ; t < n ; ++t )

osc [ t ] = hash ( hash ( ( f + t ) % per iod ) ∗ N + i ) / ( f l o a t ) UINTMAX − 0 .5 f ;
f o r ( i n t c = 0 ; c < 16 ; ++c )
{

225 f a c t o r [ c ] ∗= amp;
f o r ( i n t t = 0 ; t < n ; ++t )

out [ c ] [ t ] += osc [ t ] ∗ f a c t o r [ c ] ;
}

}
230 f l o a t l e v e l = GAIN;

f o r ( i n t c = 0 ; c < 16 ; ++c )
f o r ( i n t t = 0 ; t < n ; ++t )

output [ c ] [ t ] = lop1(& o u t p u t f i l t e r s [ c ] , out [ c ] [ t ] ∗ l e v e l ) ;
}

235

j a c k c l i e n t t ∗ c l i e n t [ 4 ] ;
j a c k p o r t t ∗port [ 4 ] [ 1 6 ] ;
s t a t i c i n t proce s scb ( j a ck n f r ames t nframes , void ∗ arg ) {

i n t ∗which = arg ;
240 s t a t i c j a ck n f r ames t f [ 4 ] = { 0 , 0 , 0 , 0 } ;

j a c k d e f au l t aud i o s amp l e t ∗out [ 1 6 ] ;
f o r ( i n t c = 0 ; c < 16 ; ++c )
{

out [ c ] = j a c k p o r t g e t b u f f e r ( port [∗ which ] [ c ] , nframes ) ;
245 f o r ( j a ck n f r ames t t = 0 ; t < nframes ; ++t )

out [ c ] [ t ] = 0 ;
}
audiocb ( out , nframes , f [∗ which ] , ∗which ) ;
f [∗ which ] += nframes ;
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250 re turn 0 ;
}

s t a t i c void debug program (GLuint program ) {
255 GLint s t a tu s = 0 ;

glGetProgramiv ( program , GL LINK STATUS, &s ta tu s ) ;
GLint l ength = 0 ;
glGetProgramiv ( program , GL INFO LOG LENGTH, &length ) ;
char ∗ i n f o = 0 ;

260 i f ( l ength ) {
i n f o = mal loc ( l ength + 1) ;
i n f o [ 0 ] = 0 ;
glGetProgramInfoLog ( program , length , 0 , i n f o ) ;
i n f o [ l ength ] = 0 ;

265 }
i f ( ( i n f o && in f o [ 0 ] ) | | ! s t a tu s ) {

f p r i n t f ( s tde r r , ”program l i n k i n f o :\n%s ” , i n f o ? i n f o : ”( no i n f o l og ) ”) ;
}
i f ( i n f o ) {

270 f r e e ( i n f o ) ;
}

}

s t a t i c void debug shader (GLuint shader , GLenum type , const char ∗ source ) {
275 GLint s t a tu s = 0 ;

g lGetShader iv ( shader , GL COMPILE STATUS, &s ta tu s ) ;
GLint l ength = 0 ;
g lGetShader iv ( shader , GL INFO LOG LENGTH, &length ) ;
char ∗ i n f o = 0 ;

280 i f ( l ength ) {
i n f o = mal loc ( l ength + 1) ;
i n f o [ 0 ] = 0 ;
glGetShaderInfoLog ( shader , length , 0 , i n f o ) ;
i n f o [ l ength ] = 0 ;

285 }
i f ( ( i n f o && in f o [ 0 ] ) | | ! s t a tu s ) {

const char ∗ t yp e s t r = ”unknown ” ;
switch ( type ) {

case GL VERTEX SHADER: t yp e s t r = ” ver tex ” ; break ;
290 case GL FRAGMENT SHADER: t yp e s t r = ” fragment ” ; break ;

case GL COMPUTE SHADER: t yp e s t r = ”compute ” ; break ;
}
f p r i n t f

( s t d e r r
295 , ”%s shader compi le i n f o :\n%s \nshader source :\n%s”

, t yp e s t r
, i n f o ? i n f o : ”( no i n f o l og ) ”
, source ? source : ”( no source ) ”
) ;

300 }
i f ( i n f o ) {

f r e e ( i n f o ) ;
}

}
305

s t a t i c GLuint ve r t ex f ragment shader ( const char ∗vert , const char ∗ f r a g ) {
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GLuint program = glCreateProgram ( ) ;
{

GLuint shader = glCreateShader (GL VERTEX SHADER) ;
310 glShaderSource ( shader , 1 , &vert , 0) ;

glCompileShader ( shader ) ;
debug shader ( shader , GL VERTEX SHADER, ver t ) ;
g lAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

315 }
{

GLuint shader = glCreateShader (GL FRAGMENT SHADER) ;
g lShaderSource ( shader , 1 , &frag , 0) ;
glCompileShader ( shader ) ;

320 debug shader ( shader , GL FRAGMENT SHADER, f r ag ) ;
g lAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

}
glLinkProgram ( program ) ;

325 debug program ( program ) ;
re turn program ;

}

i n t cmp index f ( const void ∗a , const void ∗b)
330 {

const i ndex t ∗p = a ;
const i ndex t ∗q = b ;
const f l o a t x = p−> f ;
const f l o a t y = q−> f ;

335 re turn (x > y ) − ( x < y ) ;
}

i n t cmp index f r ev ( const void ∗a , const void ∗b)
{

340 re turn −cmp index f ( a , b ) ;
}

void upload uni forms ( void )
{

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

f l o a t x = atom [ i ] . x ;
f l o a t y = atom [ i ] . y ;
f l o a t z = atom [ i ] . z ;

350 po s i t i o n [ i ] [ 0 ] = V[ 0 ] [ 0 ] ∗ x + V[ 0 ] [ 1 ] ∗ y + V[ 0 ] [ 2 ] ∗ z ;
p o s i t i o n [ i ] [ 1 ] = V[ 1 ] [ 0 ] ∗ x + V[ 1 ] [ 1 ] ∗ y + V[ 1 ] [ 2 ] ∗ z ;
p o s i t i o n [ i ] [ 2 ] = V[ 2 ] [ 0 ] ∗ x + V[ 2 ] [ 1 ] ∗ y + V[ 2 ] [ 2 ] ∗ z ;
p o s i t i o n [ i ] [ 3 ] = 1 ;

}
355 glUni form4fv ( u po s i t i on , N, &po s i t i o n [ 0 ] [ 0 ] ) ;

}

unsigned char ppm [ 4 0 9 6 ] [ 8 1 9 2 ] [ 3 ] ;
360

void i n s e r t b y d i s t a n c e ( i n t i , i n t k , f l o a t d)
{

i n t b ;
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f o r (b = 0 ; b < B && b < atom [ i ] . count ; ++b)
365 {

i f (d < atom [ i ] . nbnb [ b ] . f ) break ;
}
i f (b < B)
{

370 f o r ( i n t c = B − 1 ; c > b ; −−c )
{

atom [ i ] . nbnb [ c ] = atom [ i ] . nbnb [ c − 1 ] ;
}
atom [ i ] . nbnb [ b ] . f = d ;

375 atom [ i ] . nbnb [ b ] . i = k ;
i f ( atom [ i ] . count < B) atom [ i ] . count += 1 ;

}
}

380 i n t f i n d t a r g e t ( f l o a t tx , f l o a t ty , f l o a t tz )
{

f l o a t md = −2 .0 ;
i n t i x = −1;
f o r ( i n t i = 0 ; i < N; ++i )

385 {
f l o a t d = atom [ i ] . x ∗ tx + atom [ i ] . y ∗ ty + atom [ i ] . z ∗ tz ;
i f (d > md)
{

md = d ;
390 i x = i ;

}
}
re turn ix ;

}
395

void i n i t ( void )
{

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

400 #de f i n e U ( rand ( ) / ( f l o a t ) RANDMAX)
f l o a t R;

f l o a t t = 2 ∗ pi ∗ ( i + U) / N;
f l o a t s = 2 .0 ∗ (U − 0 . 5 ) ;

atom [ i ] . x = co s f ( t ) ∗ c o s f ( a s i n f ( s ) ) ;
405 atom [ i ] . y = s i n f ( t ) ∗ c o s f ( a s i n f ( s ) ) ;

atom [ i ] . z = s ;
R = atom [ i ] . x ∗ atom [ i ] . x + atom [ i ] . y ∗ atom [ i ] . y + atom [ i ] . z ∗ atom [ i ] . z ;
R = s q r t f (R) ;
atom [ i ] . x /= R;

410 atom [ i ] . y /= R;
atom [ i ] . z /= R;
atom [ i ] . dx = 0 ;
atom [ i ] . dy = 0 ;
atom [ i ] . dz = 0 ;

415 #undef U
}
#pragma omp p a r a l l e l f o r
f o r ( i n t i = 0 ; i < N; ++i )
{

420 atom [ i ] . count = 0 ;
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f o r ( i n t k = 0 ; k < N; ++k)
{

i f ( i == k) cont inue ;
f l o a t dx = atom [ i ] . x − atom [ k ] . x ;

425 f l o a t dy = atom [ i ] . y − atom [ k ] . y ;
f l o a t dz = atom [ i ] . z − atom [ k ] . z ;
f l o a t d = dx ∗ dx + dy ∗ dy + dz ∗ dz ;
i n s e r t b y d i s t a n c e ( i , k , d ) ;

}
430 a s s e r t ( atom [ i ] . count == B) ;

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

atom [ i ] . nb [ b ] = atom [ i ] . nbnb [ b ] . i ;
}

435 }
}

s t a t i c void f i e l d a t a t om ( f l o a t ∗ddx , f l o a t ∗ddy , f l o a t ∗ddz , i n t i )
{

440 ∗ddx = 0 ;
∗ddy = 0 ;
∗ddz = 0 ;
i n t j = i % 4 ;
f o r ( i n t b = 0 ; b < B; ++b)

445 {
i n t k = atom [ i ] . nb [ b ] ;
i n t l = k % 4 ;
f l o a t dx = atom [ k ] . x − atom [ i ] . x ;
f l o a t dy = atom [ k ] . y − atom [ i ] . y ;

450 f l o a t dz = atom [ k ] . z − atom [ i ] . z ;
f l o a t d2 = dx ∗ dx + dy ∗ dy + dz ∗ dz ;
i f ( d2 == 0) cont inue ;
f l o a t d = s q r t f ( d2 ) ;
f l o a t F = 0 . 0 ;

455 F += 1 / (d2 ∗ K) ;
i f ( l != j )
F −= 1 / (d ∗ sqrtK ) ;

e l s e
F ∗= 2 ;

460 ∗ddx −= F ∗ dx / d ;
∗ddy −= F ∗ dy / d ;
∗ddz −= F ∗ dz / d ;

}
i f ( i snan (∗ddx ) ) ∗ddx = 0 ;

465 i f ( i snan (∗ddy ) ) ∗ddy = 0 ;
i f ( i snan (∗ddz ) ) ∗ddz = 0 ;

}

void i n s e r t by i nd ex ( i n t i , i n t k , f l o a t d)
470 {

f o r ( i n t b = 0 ; b < atom [ i ] . count ; ++b)
{

i f ( atom [ i ] . nbnb [ b ] . i == k) return ;
}

475 i f ( atom [ i ] . count < B ∗ B + B)
{

atom [ i ] . nbnb [ atom [ i ] . count ] . f = d ;

182



dr1 meshwalk/meshwalk-3.2.c

atom [ i ] . nbnb [ atom [ i ] . count ] . i = k ;
atom [ i ] . count += 1 ;

480 }
}

void s o r t by d i s t a n c e ( i n t i )
{

485 qso r t (&atom [ i ] . nbnb [ 0 ] , atom [ i ] . count , s i z e o f ( atom [ i ] . nbnb [ 0 ] ) , cmp index f ) ;
}

f l o a t metr ic = 0 ;
void update nea re s t ne i ghbour s ( )

490 {
f l o a t m = 0 . 0 ;
f o r ( i n t i = 0 ; i < N; ++i )
{

atom [ i ] . count = 0 ;
495 f o r ( i n t b = 0 ; b < B; ++b)

{
i n t j = atom [ i ] . nb [ b ] ;
{

f l o a t dx = atom [ i ] . x − atom [ j ] . x ;
500 f l o a t dy = atom [ i ] . y − atom [ j ] . y ;

f l o a t dz = atom [ i ] . z − atom [ j ] . z ;
f l o a t d = dx ∗ dx + dy ∗ dy + dz ∗ dz ;
i f ( i != j )
i n s e r t by i nd ex ( i , j , d ) ;

505 }
f o r ( i n t c = 0 ; c < B; ++c )
{

i n t k = atom [ j ] . nb [ c ] ;
i f ( i == k) cont inue ;

510 f l o a t dx = atom [ i ] . x − atom [ k ] . x ;
f l o a t dy = atom [ i ] . y − atom [ k ] . y ;
f l o a t dz = atom [ i ] . z − atom [ k ] . z ;
f l o a t d = dx ∗ dx + dy ∗ dy + dz ∗ dz ;
i n s e r t by i nd ex ( i , k , d ) ;

515 }
}
a s s e r t ( atom [ i ] . count >= B) ;
s o r t by d i s t a n c e ( i ) ;
f o r ( i n t b = 0 ; b < B; ++b)

520 atom [ i ] . nb [ b ] = atom [ i ] . nbnb [ b ] . i ;
m = fmaxf (m, atom [ i ] . nbnb [B−1 ] . f ) ;

}
metr ic = m;

}
525

void upda t e o s c i l l a t o r amp l i t ud e s ( void )
{

i n t des t = 1 − wh i c h o s c i l l a t o r b u f f e r ;
#i f 0

530 i n t l = 0 ;
f o r ( i n t i = −1; i <= 1 ; i += 1)
f o r ( i n t j = −1; j <= 1 ; j += 1)
f o r ( i n t k = −1; k <= 1 ; k += 1)
{
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535 i f ( l >= OSCILLATORS) break ;
i f ( i == 0 && j == 0 && k == 0) cont inue ;
o s c i l l a t o r t a r g e t s [ l ] = f i n d t a r g e t ( i , j , k ) ;
++l ;

}
540 f o r ( i n t i = 0 ; i < OSCILLATORS && i < N; ++i )

{
o s c i l l a t o r s [ des t ] [ i ] . i = o s c i l l a t o r t a r g e t s [ i ] ;
o s c i l l a t o r s [ des t ] [ i ] . f = powf ( atom [ o s c i l l a t o r t a r g e t s [ i ] ] . speed , 8 . 0 ) ;

}
545 qso r t (& o s c i l l a t o r s [ des t ] [ 0 ] , OSCILLATORS < N ? OSCILLATORS : N, s i z e o f (⤦

Ç o s c i l l a t o r s [ 0 ] [ 0 ] ) , cmp index f r ev ) ;
#e l s e

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

o s c i l l a t o r s [ des t ] [ i ] . i = i ;
550 o s c i l l a t o r s [ des t ] [ i ] . f = powf ( atom [ i ] . speed , 8 . 0 ) ;

}
// qso r t (& o s c i l l a t o r s [ des t ] [ 0 ] , N, s i z e o f ( o s c i l l a t o r s [ 0 ] [ 0 ] ) , cmp index f r ev ) ;
#end i f

w h i c h o s c i l l a t o r b u f f e r = dest ;
555 // return atom [ o s c i l l a t o r s [ des t ] [ OSCILLATORS − 1 ] . i ] . speed ;

}

void step ( void )
{

560 f o r ( i n t i = 0 ; i < N; ++i )
f i e l d a t a t om (&atom [ i ] . ddx , &atom [ i ] . ddy , &atom [ i ] . ddz , i ) ;

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

atom [ i ] . dx += atom [ i ] . ddx ∗ dt ;
565 atom [ i ] . dy += atom [ i ] . ddy ∗ dt ;

atom [ i ] . dz += atom [ i ] . ddz ∗ dt ;
// d = normal ize ( c r o s s (p , c r o s s (p , d) ) )
f l o a t a1 = atom [ i ] . x ;
f l o a t a2 = atom [ i ] . y ;

570 f l o a t a3 = atom [ i ] . z ;
f l o a t b1 = atom [ i ] . dx ;
f l o a t b2 = atom [ i ] . dy ;
f l o a t b3 = atom [ i ] . dz ;
f l o a t s1 = a2 ∗ b3 − a3 ∗ b2 ;

575 f l o a t s2 = a3 ∗ b1 − a1 ∗ b3 ;
f l o a t s3 = a1 ∗ b2 − a2 ∗ b1 ;
f l o a t t1 = a2 ∗ s3 − a3 ∗ s2 ;
f l o a t t2 = a3 ∗ s1 − a1 ∗ s3 ;
f l o a t t3 = a1 ∗ s2 − a2 ∗ s1 ;

580 f l o a t t = − s q r t f ( t1 ∗ t1 + t2 ∗ t2 + t3 ∗ t3 ) ;
atom [ i ] . dx = t1 / t ;
atom [ i ] . dy = t2 / t ;
atom [ i ] . dz = t3 / t ;

}
585 f o r ( i n t i = 0 ; i < N; ++i )

{
f l o a t ox = atom [ i ] . x ;
f l o a t oy = atom [ i ] . y ;
f l o a t oz = atom [ i ] . z ;

590 // boost = exp ( dot ( o , f o cu s ) ) ;
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f l o a t boost = expf ( ox ∗ f o cu s [ 0 ] + oy ∗ f o cu s [ 1 ] + oz ∗ f o cu s [ 2 ] ) ;
f l o a t x = atom [ i ] . x + atom [ i ] . dx ∗ dt ∗ SPEED ∗ boost ;
f l o a t y = atom [ i ] . y + atom [ i ] . dy ∗ dt ∗ SPEED ∗ boost ;
f l o a t z = atom [ i ] . z + atom [ i ] . dz ∗ dt ∗ SPEED ∗ boost ;

595 f l o a t R = x ∗ x + y ∗ y + z ∗ z ;
R = s q r t f (R) ;
atom [ i ] . x = x / R;
atom [ i ] . y = y / R;
atom [ i ] . z = z / R;

600 #i f 0
f l o a t nx = atom [ i ] . x ;
f l o a t ny = atom [ i ] . y ;
f l o a t nz = atom [ i ] . z ;
f l o a t dx = nx − ox ;

605 f l o a t dy = ny − oy ;
f l o a t dz = nz − oz ;
f l o a t s = s q r t f ( dx ∗ dx + dy ∗ dy + dz ∗ dz ) ;
atom [ i ] . speed = tanhf ( s / (SPEED ∗ dt ) ) ;

#e l s e
610 atom [ i ] . speed = tanhf ( boost ) ;

#end i f

}
update nea re s t ne i ghbour s ( ) ;

615 upda t e o s c i l l a t o r amp l i t ud e s ( ) ;
}

void p l o t ( i n t x , i n t y , i n t r , i n t g , i n t b)
{

620 i f (0 <= x && x < W && 0 <= y && y < H)
{

y = H−1 − y ;
x = (W/2 + W−1 − x ) % W;
ppm[ y ] [ x ] [ 0 ] = r ;

625 ppm[ y ] [ x ] [ 1 ] = g ;
ppm[ y ] [ x ] [ 2 ] = b ;

}
}

630 void l i n eL ( i n t x0 , i n t y0 , i n t x1 , i n t y1 , i n t r , i n t g , i n t b)
{

i n t dx = x1 − x0 ;
i n t dy = y1 − y0 ;
i n t y i = 1 ;

635 i f ( dy < 0)
{

y i = −1;
dy = −dy ;

}
640 i n t D = 2∗dy − dx ;

i n t y = y0 ;
f o r ( i n t x = x0 ; x <= x1 ; ++x)
{

p lo t (x , y , r , g , b ) ;
645 i f (D > 0)

{
y = y + yi ;
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D = D − 2∗dx ;
}

650 D = D + 2∗dy ;
}

}

void l ineH ( i n t x0 , i n t y0 , i n t x1 , i n t y1 , i n t r , i n t g , i n t b)
655 {

i n t dx = x1 − x0 ;
i n t dy = y1 − y0 ;
i n t x i = 1 ;
i f ( dx < 0)

660 {
x i = −1;
dx = −dx ;

}
i n t D = 2∗dx − dy ;

665 i n t x = x0 ;

f o r ( i n t y = y0 ; y <= y1 ; ++y)
{

p lo t (x , y , r , g , b ) ;
670 i f (D > 0)

{
x = x + xi ;
D = D − 2∗dy ;

}
675 D = D + 2∗dx ;

}
}

void l i n e ( i n t x0 , i n t y0 , i n t x1 , i n t y1 , i n t r , i n t g , i n t b)
680 {

i f ( abs ( y1 − y0 ) < abs ( x1 − x0 ) )
i f ( x0 > x1 )

l i n eL ( x1 , y1 , x0 , y0 , r , g , b ) ;
e l s e

685 l i n eL ( x0 , y0 , x1 , y1 , r , g , b ) ;
e l s e

i f ( y0 > y1 )
l ineH (x1 , y1 , x0 , y0 , r , g , b ) ;

e l s e
690 l ineH (x0 , y0 , x1 , y1 , r , g , b ) ;

}

void draw geodes i c ( f l o a t x0 , f l o a t y0 , f l o a t z0 , f l o a t x1 , f l o a t y1 , f l o a t z1 , ⤦
Ç i n t red , i n t grn , i n t blu , i n t depth )

{
695 i f ( depth == 0)

{
i n t i 0 = atan2f ( y0 , x0 ) / (2 ∗ pi ) ∗ W;
i f ( i 0 < 0) i 0 += W;
in t j 0 = aco s f ( z0 ) / p i ∗ H;

700 i n t i 1 = atan2f ( y1 , x1 ) / (2 ∗ pi ) ∗ W;
i f ( i 1 < 0) i 1 += W;
in t j 1 = aco s f ( z1 ) / p i ∗ H;
i f ( i 0 < W ∗ 0 .25 && W ∗ 0 .75 < i 1 )
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{
705 l i n e ( i0 , j0 , i 1 − W, j1 , red , grn , blu ) ;

l i n e ( i 0 + W, j0 , i1 , j1 , red , grn , blu ) ;
}
e l s e
i f ( i 1 < W ∗ 0 .25 && W ∗ 0 .75 < i 0 )

710 {
l i n e ( i 0 − W, j0 , i1 , j1 , red , grn , blu ) ;
l i n e ( i0 , j0 , i 1 + W, j1 , red , grn , blu ) ;

}
e l s e

715 l i n e ( i0 , j0 , i1 , j1 , red , grn , blu ) ;
}
e l s e
{

f l o a t x2 = x0 + x1 ;
720 f l o a t y2 = y0 + y1 ;

f l o a t z2 = z0 + z1 ;
f l o a t r2 = x2 ∗ x2 + y2 ∗ y2 + z2 ∗ z2 ;
f l o a t r = s q r t f ( r2 ) ;
x2 /= r ;

725 y2 /= r ;
z2 /= r ;
draw geodes i c ( x0 , y0 , z0 , x2 , y2 , z2 , red , grn , blu , depth − 1) ;
draw geodes i c ( x2 , y2 , z2 , x1 , y1 , z1 , red , grn , blu , depth − 1) ;

}
730 }

void d r aw l i n e s f o r ( i n t i , i n t red , i n t grn , i n t blu )
{

f o r ( i n t b = 0 ; b < B; ++b)
735 {

i n t j = atom [ i ] . nb [ b ] ;
draw geodes i c

( atom [ i ] . x , atom [ i ] . y , atom [ i ] . z
, atom [ j ] . x , atom [ j ] . y , atom [ j ] . z

740 , red , grn , blu
, 6
) ;

}
}

745

void draw point ( i n t i , i n t red , i n t grn , i n t blu )
{

f l o a t ax = atom [ i ] . x ;
f l o a t ay = atom [ i ] . y ;

750 f l o a t az = atom [ i ] . z ;
f l o a t x0 = atan2f ( ay , ax ) / (2 ∗ pi ) ;
x0 −= f l o o r ( x0 ) ;
x0 ∗= W;
f l o a t y0 = aco s f ( az ) / p i ∗ H;

755 f o r ( i n t dy = −R0 ; dy <= R0 ; ++dy)
{

i n t y = y0 + dy ;
f l o a t w = 1 − f a b s f ( ( y0 + dy + 0 .5 f ) / H ∗ 2 − 1) ;
i f ( y < 0) cont inue ;

760 i f ( y >= H) cont inue ;
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f o r ( i n t dx = −R0 / w; dx <= R0 / w; ++dx)
{

i n t x = x0 + dx ;
whi l e ( x < 0) x += W;

765 whi le ( x >= W) x −= W;
i f ( dx ∗ dx ∗ w ∗ w + dy ∗ dy > R0 ∗ R0) cont inue ;
p l o t (x , y , red , grn , blu ) ;

}
}

770 }

void d raw l i n e s ( i n t t a r g e t )
{

// everyth ing dark blue
775 f o r ( i n t i = 0 ; i < N; ++i )

d r aw l i n e s f o r ( i , 0x00 , 0x00 , 0x80 ) ;
// ne ighbours b r i gh t green
f o r ( i n t b = 0 ; b < B; ++b)

d r aw l i n e s f o r ( atom [ t a r g e t ] . nb [ b ] , 0x00 , 0xFF , 0x00 ) ;
780 // ta r g e t ye l low

d r aw l i n e s f o r ( target , 0xFF , 0xFF , 0x00 ) ;
}

785 void draw points ( i n t t a r g e t )
{

// everyth ing dark blue
f o r ( i n t i = 0 ; i < N; ++i )

draw point ( i , 0x00 , 0x00 , 0x80 ) ;
790 // ne ighbours o f ne ighbours b r i gh t green

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

i n t j = atom [ t a r g e t ] . nb [ b ] ;
f o r ( i n t c = 0 ; c < B; ++c )

795 draw point ( atom [ j ] . nb [ c ] , 0x00 , 0xFF , 0x00 ) ;
}
// ne ighbours ye l low
f o r ( i n t b = 0 ; b < B; ++b)

draw point ( atom [ t a r g e t ] . nb [ b ] , 0xFF , 0xFF , 0x00 ) ;
800 // ta r g e t red

draw point ( target , 0xFF , 0x00 , 0x00 ) ;
}

void d r aw t r a i l s ( void )
805 {

const i n t co l ou r [ 4 ] [ 3 ] = { { 0 , 0 , 0 } , { 0 , 0x80 , 0xFF } , { 0xFF , 51 , 0 } , { ⤦
Ç 0xFF , 0xFF , 0xFF } } ;

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

i f ( i % 4 != 3) cont inue ;
810 draw point ( i , c o l ou r [ i %4 ] [ 0 ] , c o l ou r [ i %4 ] [ 1 ] , c o l ou r [ i %4 ] [ 2 ] ) ;

}
}

void output (FILE ∗ v i d f i l e )
815 {

f p r i n t f ( v i d f i l e , ”P6\n%d %d\n255\n” , W, H) ;
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fw r i t e (&ppm [ 0 ] [ 0 ] [ 0 ] , s i z e o f (ppm [ 0 ] [ 0 ] [ 0 ] ) ∗ 3 ∗ W ∗ H, 1 , v i d f i l e ) ;
f f l u s h ( v i d f i l e ) ;

}
820

s t a t i c i n t g loba l wh ich [ 4 ] = { 0 , 1 , 2 , 3 } ;

// entry po int
825 extern i n t main ( i n t argc , char ∗∗ argv )

{
( void ) argv ;
i n t RECORD = argc > 1 ;

830 f o r ( i n t o = 0 ; o < 16 ; ++o )
l o p 1 i n i t (& o u t p u t f i l t e r s [ o ] , 1000) ;

g l fw I n i t ( ) ;
glfwWindowHint (GLFW CLIENT API, GLFW OPENGL API) ;

835 glfwWindowHint (GLFWCONTEXTVERSIONMAJOR, 3) ;
glfwWindowHint (GLFWCONTEXT VERSIONMINOR, 3) ;
glfwWindowHint (GLFW OPENGL PROFILE, GLFWOPENGL CORE PROFILE) ;
glfwWindowHint (GLFWOPENGLFORWARDCOMPAT, GL TRUE) ;
glfwWindowHint (GLFW RESIZABLE, GL FALSE) ;

840 glfwWindowHint (GLFWDECORATED, GL TRUE) ;
GLFWwindow ∗window = glfwCreateWindow (WINW, WINH, ”meshwalk ” , 0 , 0) ;
glfwMakeContextCurrent (window) ;
g l fwSwapInterva l (2 ) ;
g l fwSetKeyCal lback (window , keycb ) ;

845 glewExperimental = GL TRUE;
g l ew In i t ( ) ;
g lGetError ( ) ; // d i s ca rd common e r r o r from glew
// s e t up ver tex array ob j e c t
g lC l ea rCo lo r (0 , 0 , 0 , 1) ;

850 GLuint vao ;
glGenVertexArrays (1 , &vao ) ;
glBindVertexArray ( vao ) ;

// s e t up f ramebu f f e r
855 GLuint fbo [LOD + 1 ] ;

glGenFramebuffers (LOD + 1 , &fbo [ 0 ] ) ;
GLuint tex ;
glGenTextures (1 , &tex ) ;
g lAct iveTexture (GL TEXTURE1) ;

860 glBindTexture (GL TEXTURE 2D, tex ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F, 8192 , 4096 , 0 , GL RGBA, GL FLOAT, ⤦

Ç 0) ;
glGenerateMipmap (GL TEXTURE 2D) ;
f o r ( i n t lod = 0 ; lod <= LOD; ++lod )
{

865 glBindFramebuffer (GL FRAMEBUFFER, fbo [ lod ] ) ;
glFramebufferTexture2D (GL FRAMEBUFFER, GLCOLORATTACHMENT0, GL TEXTURE 2D, ⤦

Ç tex , lod ) ;
GLint s t a tu s = glCheckFramebufferStatus (GLFRAMEBUFFER) ;
i f ( s t a tu s != GLFRAMEBUFFERCOMPLETE)

f p r i n t f ( s tde r r , ”GL FRAMEBUFFER STATUS %d\n” , s t a tu s ) ;
870 }
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// s e t up f ramebu f f e r 2
GLuint fbo2 ;
glGenFramebuffers (1 , &fbo2 ) ;

875 GLuint tex2 ;
glGenTextures (1 , &tex2 ) ;
g lAct iveTexture (GL TEXTURE0) ;
glBindTexture (GL TEXTURE 2D, tex2 ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGB, 8192 , 4096 , 0 , GL RGB, GL UNSIGNED BYTE⤦

Ç , 0) ;
880 glBindFramebuffer (GL FRAMEBUFFER, fbo2 ) ;

glFramebufferTexture2D (GL FRAMEBUFFER, GLCOLORATTACHMENT0, GL TEXTURE 2D, ⤦
Ç tex2 , 0) ;

GLint s t a tu s = glCheckFramebufferStatus (GLFRAMEBUFFER) ;
i f ( s t a tu s != GLFRAMEBUFFERCOMPLETE)

f p r i n t f ( s tde r r , ”GL FRAMEBUFFER STATUS %d\n” , s t a tu s ) ;
885

// s e t up voronoi shader
const char ∗ s v o r ono i v e r t e x =

”#ve r s i on 330 core \n”
”out vec2 tc ;\n”

890 ” const f l o a t p i = 3 .141592653 ;\n”
” void main ( ) \n”
”{\n”
” i f ( g l VertexID == 0) { tc = vec2 ( pi , −pi /2 . 0 ) ; g l P o s i t i o n = vec4 ( −1 .0 ,⤦

Ç −1.0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” i f ( g l VertexID == 1) { tc = vec2 (−pi , −pi /2 . 0 ) ; g l P o s i t i o n = vec4 ( 1 . 0 ,⤦

Ç −1.0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
895 ” i f ( g l VertexID == 2) { tc = vec2 ( pi , p i /2 . 0 ) ; g l P o s i t i o n = vec4 ( −1 .0 ,⤦

Ç 1 . 0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” i f ( g l VertexID == 3) { tc = vec2 (−pi , p i /2 . 0 ) ; g l P o s i t i o n = vec4 ( 1 . 0 ,⤦

Ç 1 . 0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” { tc = vec2 ( 0 . 0 ) ; g l P o s i t i o n = vec4 ( 0 . 0 ) ; }\n”
”}\n”
;

900 const char ∗ s vo rono i f r agment =
”#ve r s i on 330 core \n”
” in vec2 tc ;\n”
”uniform in t N;\n”
”uniform vec4 po s i t i o n [ 4 0 0 0 ] ; \ n”

905 ” layout ( l o c a t i o n = 0) out vec4 co l our ;\n”
” void main ( ) \n”
”{\n”
” vec3 me = vec3 ( cos ( tc . x ) ∗ cos ( tc . y ) , s i n ( tc . x ) ∗ cos ( tc . y ) , s i n ( tc . y ) ) ;\⤦

Ç n”
” f l o a t de l t a = length ( vec2 ( l ength (dFdx(me) ) , l ength (dFdy(me) ) ) ) ;\n”

910 ” f l o a t maxdot = −2 .0 ;\n”
” i n t ix = 0 ;\n”
” f o r ( i n t i = 0 ; i < N && i < 4000 ; ++i ) \n”
” {\n”
” f l o a t d = dot ( p o s i t i o n [ i ] . xyz , me) ;\n”

915 ” i f (d > maxdot ) { maxdot = d ; ix = i ; }\n”
” }\n”
” co l our = vec4 ( p o s i t i o n [ i x ] . xyz , i x ) ;\n”
”}\n”
;

920 GLuint p vorono i = ver t ex f ragment shader ( s vo rono i v e r t ex , s vo rono i f r agment⤦
Ç ) ;
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glUseProgram ( p vorono i ) ;
u po s i t i o n = glGetUniformLocation ( p voronoi , ” p o s i t i o n ”) ;
GLint u voronoi N = glGetUniformLocation ( p voronoi , ”N”) ;
g lUni form1i ( u voronoi N , N) ;

925

// s e t up re f inement shader
const char ∗ s r e f i n e v e r t e x =

”#ve r s i on 330 core \n”
”out vec4 tc ;\n”

930 ” const f l o a t p i = 3 .141592653 ;\n”
” void main ( ) \n”
”{\n”
” i f ( g l VertexID == 0) { tc = vec4 ( pi , −pi /2 . 0 , 0 . 0 , 0 . 0 ) ; g l P o s i t i o n = ⤦

Ç vec4 ( −1 .0 , −1.0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” i f ( g l VertexID == 1) { tc = vec4 (−pi , −pi /2 . 0 , 1 . 0 , 0 . 0 ) ; g l P o s i t i o n = ⤦

Ç vec4 ( 1 . 0 , −1.0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
935 ” i f ( g l VertexID == 2) { tc = vec4 ( pi , p i /2 . 0 , 0 . 0 , 1 . 0 ) ; g l P o s i t i o n = ⤦

Ç vec4 ( −1 .0 , 1 . 0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” i f ( g l VertexID == 3) { tc = vec4 (−pi , p i /2 . 0 , 1 . 0 , 1 . 0 ) ; g l P o s i t i o n = ⤦

Ç vec4 ( 1 . 0 , 1 . 0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” { tc = vec4 ( 0 . 0 ) ; g l P o s i t i o n = vec4 ( 0 . 0 ) ; }\n”
”}\n”
;

940 const char ∗ s r e f i n e f r a gmen t =
”#ve r s i on 330 core \n”
” in vec4 tc ;\n”
”uniform in t R;\n”
”uniform in t lod ;\n”

945 ”uniform sampler2D tex ;\n”
” layout ( l o c a t i o n = 0) out vec4 co l our ;\n”
” void main ( ) \n”
”{\n”
” vec3 me = vec3 ( cos ( tc . x ) ∗ cos ( tc . y ) , s i n ( tc . x ) ∗ cos ( tc . y ) , s i n ( tc . y ) ) ;\⤦

Ç n”
950 ” ivec2 s = t ex tu r eS i z e ( tex , lod ) ;\n”

” ivec2 l o c = ivec2 ( f l o o r ( vec2 ( s ) ∗ tc . zw) ) ;\n”
” vec4 nea r e s t = texe lFetch ( tex , loc , lod ) ;\n”
” f o r ( i n t j = −R; j <= R; ++j ) \n”
” f o r ( i n t i = −R; i <= R; ++i ) \n”

955 ” {\n”
” ivec2 c = l o c + ivec2 ( i , j ) ;\n”
” i f ( c . x < 0) c . x += s . x ;\n”
” i f ( c . x >= s . x ) c . x −= s . x ;\n”
” i f ( c . y < 0) cont inue ;\n”

960 ” i f ( c . y >= s . y ) cont inue ;\n”
” vec4 t e s t = texe lFetch ( tex , c , lod ) ;\n”
” i f ( d i s t ance (me , t e s t . xyz ) < d i s t ance (me , nea r e s t . xyz ) ) \n”
” nea r e s t = t e s t ;\n”
” }\n”

965 ” co l our = near e s t ;\n”
”}\n”

;
GLuint p r e f i n e = ver t ex f ragment shader ( s r e f i n e v e r t e x , s r e f i n e f r a gmen t ) ;
glUseProgram ( p r e f i n e ) ;

970 GLint u r e f i n e R = glGetUniformLocation ( p r e f i n e , ”R”) ;
GLint u r e f i n e l o d = glGetUniformLocation ( p r e f i n e , ” lod ”) ;
GLint u r e f i n e t e x = glGetUniformLocation ( p r e f i n e , ” tex ”) ;
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g lUni form1i ( u re f ine R , 2) ;
g lUni form1i ( u r e f i n e t e x , 1) ;

975

// s e t up c o l o u r i z e shader
const char ∗ s c o l o u r v e r t e x =

”#ve r s i on 330 core \n”
”out vec4 tc ;\n”

980 ” const f l o a t p i = 3 .141592653 ;\n”
” void main ( ) \n”
”{\n”
” i f ( g l VertexID == 0) { tc = vec4 ( pi , −pi /2 . 0 , 0 . 0 , 0 . 0 ) ; g l P o s i t i o n = ⤦

Ç vec4 ( −1 .0 , −1.0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” i f ( g l VertexID == 1) { tc = vec4 (−pi , −pi /2 . 0 , 1 . 0 , 0 . 0 ) ; g l P o s i t i o n = ⤦

Ç vec4 ( 1 . 0 , −1.0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
985 ” i f ( g l VertexID == 2) { tc = vec4 ( pi , p i /2 . 0 , 0 . 0 , 1 . 0 ) ; g l P o s i t i o n = ⤦

Ç vec4 ( −1 .0 , 1 . 0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” i f ( g l VertexID == 3) { tc = vec4 (−pi , p i /2 . 0 , 1 . 0 , 1 . 0 ) ; g l P o s i t i o n = ⤦

Ç vec4 ( 1 . 0 , 1 . 0 , 0 . 0 , 1 . 0 ) ; } e l s e \n”
” { tc = vec4 ( 0 . 0 ) ; g l P o s i t i o n = vec4 ( 0 . 0 ) ; }\n”
”}\n”
;

990 const char ∗ s c o l ou r f r agment =
”#ve r s i on 330 core \n”
” in vec4 tc ;\n”
”uniform in t R;\n”
”uniform in t lod ;\n”

995 ”uniform sampler2D tex ;\n”
” layout ( l o c a t i o n = 0) out vec4 co l our ;\n”
” void main ( ) \n”
”{\n”
” vec3 me = vec3 ( cos ( tc . x ) ∗ cos ( tc . y ) , s i n ( tc . x ) ∗ cos ( tc . y ) , s i n ( tc . y ) ) ;\⤦

Ç n”
1000 ” f l o a t de l t a = length ( vec2 ( l ength (dFdx(me) ) , l ength (dFdy(me) ) ) ) ;\n”

” ivec2 s = t ex tu r eS i z e ( tex , lod ) ;\n”
” ivec2 l o c = ivec2 ( f l o o r ( vec2 ( s ) ∗ tc . zw) ) ;\n”
” vec4 nea r e s t = texe lFetch ( tex , loc , lod ) ;\n”
” vec4 neare s t2 = nea r e s t ;\n”

1005 ” f o r ( i n t j = −R; j <= R; ++j ) \n”
” f o r ( i n t i = −R; i <= R; ++i ) \n”
” {\n”
” ivec2 c = l o c + ivec2 ( i , j ) ;\n”
” i f ( c . x < 0) c . x += s . x ;\n”

1010 ” i f ( c . x >= s . x ) c . x −= s . x ;\n”
” i f ( c . y < 0) cont inue ;\n”
” i f ( c . y >= s . y ) cont inue ;\n”
” vec4 t e s t = texe lFetch ( tex , c , lod ) ;\n”
” i f ( d i s t ance (me , t e s t . xyz ) < d i s t ance (me , nea r e s t . xyz ) ) \n”

1015 ” {\n”
” neare s t2 = near e s t ;\n”
” nea r e s t = t e s t ;\n”
” }\n”
” e l s e \n”

1020 ” i f ( d i s t ance (me , t e s t . xyz ) < d i s t ance (me , nea re s t2 . xyz ) ) \n”
” {\n”
” neare s t2 = t e s t ;\n”
” }\n”
” }\n”
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1025 ” i n t ix = in t ( nea r e s t .w) ;\n”
” i n t ix2 = in t ( nea re s t2 .w) ;\n”
” vec3 blue = vec3 ( 0 . 0 , 0 . 5 , 1 . 0 ) ;\n”
” vec3 white = vec3 ( 1 . 0 ) ;\n”
” vec3 red = vec3 ( 1 . 0 , 0 . 2 , 0 . 0 ) ;\n”

1030 ” vec3 black = vec3 ( 0 . 0 ) ;\n”
” vec3 mine = vec3 [ 4 ] ( black , blue , red , white ) [ i x & 3 ] ; \ n”
” vec3 them = vec3 [ 4 ] ( black , blue , red , white ) [ ix2 & 3 ] ; \ n”
” f l o a t lmine = length ( nea r e s t . xyz − me) ;\n”
” f l o a t lthem = length ( neare s t2 . xyz − me) ;\n”

1035 ” f l o a t lme = lmine − lthem ;\n”
” co l our = vec4 (mix (mine , them , smoothstep (− de l ta , de l ta , lme ) ) , 1 . 0 ) ;\n”
”}\n”
;

GLuint p co l ou r = ver tex f ragment shader ( s c o l ou r v e r t e x , s c o l ou r f r agment ) ;
1040 glUseProgram ( p co l ou r ) ;

GLint u co lour R = glGetUniformLocation ( p co lour , ”R”) ;
GLint u c o l ou r l od = glGetUniformLocation ( p co lour , ” lod ”) ;
GLint u c o l ou r t e x = glGetUniformLocation ( p co lour , ” tex ”) ;
g lUni form1i ( u colour R , 0) ;

1045 g lUni form1i ( u co l ou r l od , 0) ;
g lUni form1i ( u co l ou r t ex , 1) ;

SF INFO in f o = { 0 , SR, 16 , SF FORMATWAV | SF FORMAT FLOAT, 0 , 0 } ;
SNDFILE ∗ s n d f i l e = 0 ;

1050 FILE ∗ v i d f i l e = stdout ;
i f (RECORD)
{

s n d f i l e = s f open (”meshwalk −3.2 a . wav” , SFM WRITE, &i n f o ) ;
}

1055 e l s e
{

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

char c l i entname [ 1 0 0 ] ;
1060 s np r i n t f ( c l ientname , 100 , ”meshwalk %d” , j + 1) ;

i f ( ! ( c l i e n t [ j ] = j a c k c l i e n t o p e n ( cl ientname , JackNoStartServer , 0) ) ) {
f p r i n t f ( s tde r r , ” jack s e r v e r not running ?\n”) ;
r e turn 1 ;

}
1065 j a c k s e t p r o c e s s c a l l b a c k ( c l i e n t [ j ] , processcb , &g loba l wh ich [ j ] ) ;

/∗ c r e a t e por t s ∗/
f o r ( i n t i = 0 ; i < 16 ; ++i )
{

char portname [ 1 0 0 ] ;
1070 s np r i n t f ( portname , 100 , ” output %d” , i + 1) ;

port [ j ] [ i ] = j a c k p o r t r e g i s t e r ( c l i e n t [ j ] , portname , ⤦
Ç JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0) ;

}
/∗ a c t i v a t e audio ∗/
i f ( j a c k a c t i v a t e ( c l i e n t [ j ] ) ) {

1075 f p r i n t f ( s tde r r , ” cannot a c t i v a t e JACK c l i e n t ”) ;
r e turn 1 ;

}
}

}
1080
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f l o a t frames [SR/FPS ] [ 1 6 ] ;
// wr i t e t i t l e s
i f (RECORD)
{

1085 f o r ( i n t i = 0 ; i < SR/FPS ; ++i )
f o r ( i n t c = 0 ; c < 16 ; ++c )

frames [ i ] [ c ] = 0 ;
f o r ( i n t f = 0 ; f < FPS ∗ 3 ; ++f )

s f w r i t e f f l o a t ( s nd f i l e , &frames [ 0 ] [ 0 ] , SR/FPS) ;
1090 }

i n i t ( ) ;
i n t d i r t y = 1 ;
double l a s t = glfwGetTime ( ) ;
i n t l a s t c oun t = 0 ;

1095 memset(&ppm [ 0 ] [ 0 ] [ 0 ] , 0x80 , 8192 ∗ 4096 ∗ 3) ;
f l o a t f o c u s t a r g e t [ 3 ] = { 0 , 0 , 0 } ;
LOP1 f o c u s f i l t e r [ 3 ] ;
f l o a t fhz = 4 .0 f ∗ SR / FPS ;
l o p 1 i n i t (& f o c u s f i l t e r [ 0 ] , fhz ) ;

1100 l o p 1 i n i t (& f o c u s f i l t e r [ 1 ] , fhz ) ;
l o p 1 i n i t (& f o c u s f i l t e r [ 2 ] , fhz ) ;
// 1/2 = g ∗ (1 + (1−g ) + (1−g ) ˆ2 + . . . + (1−g ) ˆ(H−1) )
// = g ∗ (1 − (1 − g ) ˆ(H−1) ) / (1 − (1 − g ) )
// = 1 − (1 − g ) ˆ(H−1)

1105 // g = 1 − (1/2) ˆ(1/(H−1) )
double g e i g e r = 1 .0 − pow (0 . 5 , 4 . 0 / FPS) ;
f o r ( i n t f = 0 ; ! glfwWindowShouldClose (window) ; ++f )
{

DISTANCE = 1 ;
1110 Ky = DISTANCE ∗ 2 .0 f ∗ s q r t f ( 4 . 0 f / N) ;

K = 1 .0 / (Ky ∗ Ky) ;
sqrtK = s q r t f (K) ;
i f ( rand ( ) / ( double ) RANDMAX < g e i g e r )
{

1115 f l o a t R;
do
{

R = 0 ;
f o r ( i n t c = 0 ; c < 3 ; ++c )

1120 {
f o c u s t a r g e t [ c ] = 2 .0 f ∗ ( rand ( ) / ( f l o a t ) RANDMAX − 0 .5 f ) ;
R += f o c u s t a r g e t [ c ] ∗ f o c u s t a r g e t [ c ] ;

}
} whi le (R > 1) ;

1125 R = sq r t f (R) ;
f l o a t G = 0.5 ∗ (1 − cos (2 ∗ pi ∗ ( f − (FPS ∗ (1 ∗ 60 + 0) ) ) / (FPS ∗ (4 ∗⤦

Ç 60 − 6) ) ) ) / R;
f o c u s t a r g e t [ 0 ] ∗= G;
f o c u s t a r g e t [ 1 ] ∗= G;
f o c u s t a r g e t [ 2 ] ∗= G;

1130 }
f o cu s [ 0 ] = lop1(& f o c u s f i l t e r [ 0 ] , f o c u s t a r g e t [ 0 ] ) ;
f o cu s [ 1 ] = lop1(& f o c u s f i l t e r [ 1 ] , f o c u s t a r g e t [ 1 ] ) ;
f o cu s [ 2 ] = lop1(& f o c u s f i l t e r [ 2 ] , f o c u s t a r g e t [ 2 ] ) ;
i f (DEBUG AMBISONICS AXES)

1135 {
i n t k = ( f / FPS) % 6 ;
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const f l o a t t a r g e t s [ 6 ] [ 3 ] =
{ { 1 , 0 , 0 } , { −1 , 0 , 0 } // f ront , back
, { 0 , 1 , 0 } , { 0 , −1 , 0 } // l e f t , r i g h t

1140 , { 0 , 0 , 1 } , { 0 , 0 , −1 } // top , bottom
} ;

f o cu s [ 0 ] = t a r g e t s [ k ] [ 0 ] ;
f o cu s [ 1 ] = t a r g e t s [ k ] [ 1 ] ;
f o cu s [ 2 ] = t a r g e t s [ k ] [ 2 ] ;

1145 }
i f (DEBUG AMBISONICS SPIN != 0)
{

f l o a t t = DEBUG AMBISONICS SPIN;
f l o a t c = cos ( t ) ;

1150 f l o a t s = s i n ( t ) ;
f l o a t M[ 3 ] [ 3 ] = { { c , s , 0 } , { −s , c , 0} , { 0 , 0 , 1 } } ;
f l o a t nV [ 3 ] [ 3 ] ;
f o r ( i n t i = 0 ; i < 3 ; ++i )
f o r ( i n t j = 0 ; j < 3 ; ++j )

1155 {
nV[ i ] [ j ] = 0 ;
f o r ( i n t k = 0 ; k < 3 ; ++k)

nV[ i ] [ j ] += M[ i ] [ k ] ∗ V[ k ] [ j ] ;
}

1160 f o r ( i n t i = 0 ; i < 3 ; ++i )
f o r ( i n t j = 0 ; j < 3 ; ++j )

V[ i ] [ j ] = nV[ i ] [ j ] ;
}
double now = glfwGetTime ( ) ;

1165 i f (now − l a s t > 1)
{

f p r i n t f ( s tde r r , ”\n%f fp s \n%f max\n” , ( f − l a s t c oun t ) / (now − l a s t ) , ⤦
Ç s q r t f ( metr ic ) / Ky) ;

l a s t c oun t = f ;
l a s t = now ;

1170 }
i f (RECORD && f >= FPS ∗ (60 ∗ 5 − 6) )

break ;

s tep ( ) ;
1175

i f ( (RECORD && f >= FPS ∗ 60 ∗ 1) | | ! RECORD)
{

#i f RECORDVIDEO

1180 // vorono i
glUseProgram ( p vorono i ) ;
up load uni forms ( ) ;
g lBindFramebuffer (GL FRAMEBUFFER, fbo [LOD] ) ;
g lViewport (0 , 0 , 8192 >> LOD, 4096 >> LOD) ;

1185 glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;

// r e f i n e
glUseProgram ( p r e f i n e ) ;
f o r ( i n t lod = LOD; lod >= 1 ; −− l od )

1190 {
glBindFramebuffer (GL FRAMEBUFFER, fbo [ lod − 1 ] ) ;
g lViewport (0 , 0 , 8192 >> ( lod − 1) , 4096 >> ( lod − 1) ) ;
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g lUni form1i ( u r e f i n e l o d , lod ) ;
glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;

1195 }

// c o l o u r i z e
glUseProgram ( p co l ou r ) ;
g lBindFramebuffer (GL FRAMEBUFFER, fbo2 ) ;

1200 glViewport (0 , 0 , 8192 , 4096) ;
glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;

i f (RECORD && f >= FPS ∗ 60 ∗ 1 && DRAWVORONOI)
{

1205 d i r t y = 0 ;
g lReadPixe l s (0 , 0 , 8192 , 4096 , GL RGB, GL UNSIGNED BYTE, &ppm [ 0 ] [ 0 ] [ 0 ] ) ;

}
e l s e i f ( d i r t y && DRAWCLEAR)
{

1210 d i r t y = 0 ;
memset(&ppm [ 0 ] [ 0 ] [ 0 ] , 0 , 8192 ∗ 4096 ∗ 3) ;

}
i n t t a r g e t = f i n d t a r g e t (1 , 0 , 0) ;
i f (DRAW LINES)

1215 {
d i r t y = 1 ;
d raw l i n e s ( t a r g e t ) ;

}
i f (DRAWPOINTS)

1220 {
d i r t y = 1 ;
draw points ( t a r g e t ) ;

}
i f (DRAWTRAILS)

1225 {
d i r t y = 1 ;
d r aw t r a i l s ( ) ;

}
// preview

1230 glBindFramebuffer (GLDRAWFRAMEBUFFER, 0) ;
g lC l ea r (GL COLOR BUFFER BIT) ;
g lB l i tFramebu f f e r

( 0 , 0 , 8192 , 4096
, 0 , (WINH − WINW/2) / 2 , WINW, (WINH + WINW/2) / 2

1235 , GL COLOR BUFFER BIT, GL LINEAR
) ;

// r ed i s p l a y
gl fwSwapBuffers (window) ;
g l fwPo l lEvents ( ) ;

1240 GLuint e ;
whi l e ( ( e = glGetError ( ) ) ) f p r i n t f ( s tde r r , ”GL ERROR %d\n” , e ) ;

#end i f

// output PPM to stdout ( f l i p p e d v e r t i c a l l y )
1245 i f (RECORD && f >= FPS ∗ 60 ∗ 1)

{
#i f RECORDVIDEO

f p r i n t f ( v i d f i l e , ”P6\n%d %d\n255\n” , 8192 , 4096) ;
fw r i t e (&ppm [ 0 ] [ 0 ] [ 0 ] , 8192 ∗ 4096 ∗ 3 , 1 , v i d f i l e ) ;
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1250 i f ( f == FPS ∗ 60 ∗ 1)
{

FILE ∗ im g f i l e = popen (”pnmtopng − f o r c e − i n t e r l a c e −compress ion 9 > ⤦
Ç meshwalk −3 . 2 . png ” , ”w”) ;

f p r i n t f ( img f i l e , ”P6\n%d %d\n255\n” , 8192 , 4096) ;
fw r i t e (&ppm [ 0 ] [ 0 ] [ 0 ] , 8192 ∗ 4096 ∗ 3 , 1 , img f i l e ) ;

1255 pc l o s e ( img f i l e ) ;
}

#end i f
#i f RECORDAUDIO

f l o a t audio [ 1 6 ] [ SR/FPS ] ;
1260 f l o a t ∗audiop [ 1 6 ] ;

f o r ( i n t c = 0 ; c < 16 ; ++c )
audiop [ c ] = &audio [ c ] [ 0 ] ;

audiocb ( audiop , SR/FPS, f ∗ SR/FPS, −1) ;
f o r ( i n t i = 0 ; i < SR/FPS ; ++i )

1265 f o r ( i n t c = 0 ; c < 16 ; ++c )
frames [ i ] [ c ] = audio [ c ] [ i ] ;

s f w r i t e f f l o a t ( s nd f i l e , &frames [ 0 ] [ 0 ] , SR/FPS) ;
#end i f

}
1270 }

}
i f (RECORD)
{

// wr i t e c r e d i t s
1275 f o r ( i n t i = 0 ; i < SR/FPS ; ++i )

f o r ( i n t c = 0 ; c < 16 ; ++c )
frames [ i ] [ c ] = 0 ;

f o r ( i n t f = 0 ; f < FPS ∗ 3 ; ++f )
s f w r i t e f f l o a t ( s nd f i l e , &frames [ 0 ] [ 0 ] , SR/FPS) ;

1280 s f c l o s e ( s n d f i l e ) ;
}
glfwDestroyWindow (window) ;
gl fwTerminate ( ) ;
r e turn 0 ;

1285 }

72 meshwalk/meshwalk-3.2.sh

#!/bin /bash
s e t −e
make meshwalk −3.2
(

5 f o r i in $ ( seq 180)
do

pngtopnm < meshwalk −3.2− t i t l e . png
done |
f fmpeg −r 60 − i − −vf fade=in : 3 0 : 3 0 , fade=out : 1 20 : 3 0 − f image2pipe −codec : v ppm⤦

Ç −

10 . / meshwalk −3.2 −nrt
f o r i in $ ( seq 180)
do

pngtopnm < meshwalk −3.2− c r e d i t s . png
done |

15 f fmpeg −r 60 − i − −vf fade=in : 3 0 : 3 0 , fade=out : 1 20 : 3 0 − f image2pipe −codec : v ppm⤦
Ç −

197



dr1 README

) |
f fmpeg − f ramerate 60 − i − −codec : v png −y meshwalk −3.2 v .mkv
ffmpeg − i meshwalk −3.1 v .mkv − i meshwalk −3.2 a . wav \
−codec : v copy −codec : a copy \

20 −y meshwalk −3 . 2 .mkv
ffmpeg − i meshwalk −3 . 2 .mkv −a f pan=”4.0 | c0=c0 | c1=c1 | c2=c2 | c3=c3” \
−pix fmt yuv420p − p r o f i l e : v high − l e v e l : v 5 .1 −tune : v animation \
− c r f : v 20 −b : a 512k −movflags +f a s t s t a r t \
−y meshwalk −3.2 m .mp4

25 python2 . 7 . . / . . / . . / g ithub . com/ goog l e / spa t i a l −media/ spat i a lmed ia \
− i −− s pa t i a l −audio meshwalk −3.2 m .mp4 meshwalk −3 . 2 .mp4

73 README

dr1 −− a c o l l e c t i o n o f ambient drone works

74 stringthing/Makefile

s t r i n g t h i n g : s t r i n g t h i n g . c
gcc −std=c99 −Wall −pedant ic −Wextra −Wno−unused−parameter −O3 −march=⤦

Ç nat ive s t r i n g t h i n g . c −o s t r i n g t h i n g −lm − l j a c k − l g l u t −lGLEW −lGL ⤦
Ç −lGLU

75 stringthing/stringthing.c

/∗
s t r i n g t h i n g −− pseudo−gene ra t i v e sp inn ing s t r i n g drone phy s i c a l model
Copyright (C) 2011−10−18 Claude Heiland −Allen <claude@mathr . co . uk>

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU Af f e ro General Publ ic L i cense as
publ i shed by the Free Software Foundation , e i t h e r v e r s i on 3 o f the
License , or ( at your opt ion ) any l a t e r v e r s i on .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU Af f e ro General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU Af f e ro General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

∗/

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

25 #inc lude <j ack / jack . h>
#inc lude <GL/glew . h>
#inc lude <GL/ g lu t . h>

#de f i n e PI 3.141592653589793
30 #de f i n e DT 0.0625

#de f i n e FRICTION 0.9999
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#de f i n e GRAVITY 2

s t a t i c double SR = 48000;
35 s t a t i c double HZ;

#de f i n e MINN 32
#de f i n e MAXN 2048
s t a t i c i n t N = 1024 ;

40 s t r u c t elem {
double x , y , z , dx , dy , dz ;

} ;
s t a t i c s t r u c t elem s t r i n g [ 2 ] [MAXN] ;
s t a t i c v o l a t i l e i n t w = 0 ;

45 s t a t i c j a c k d e f au l t aud i o s amp l e t buf [MAXN] [ 2 ] ;

s t a t i c j a c k c l i e n t t ∗ c l i e n t ;
s t a t i c j a c k p o r t t ∗port [ 2 ] ;

50 s t a t i c i n t phase = −1;
s t a t i c i n t t = 0 ;
s t a t i c double f 1 = 0 ;
s t a t i c double f 2 = 0 ;
s t a t i c double p1 = 0 ;

55 s t a t i c double p2 = 0 ;
s t a t i c double l o = 0 ;
s t a t i c double lh = 0 ;
s t a t i c double lb = 0 ;
s t a t i c double ro = 0 ;

60 s t a t i c double rh = 0 ;
s t a t i c double rb = 0 ;

s t a t i c f l o a t v s t r i n g [MAXN] [ 4 ] ;
s t a t i c i n t ufudge = 0 ;

65 s t a t i c i n t uangle = 0 ;

s t a t i c i n t width = 512 ;
s t a t i c i n t he ight = 288 ;
s t a t i c i n t f u l l s c r e e n = 0 ;

70

s t a t i c void d i sp laycb ( void ) {
i n t s = w;
f l o a t to t = 0 ;
f o r ( i n t i = 0 ; i < N; ++i ) {

75 v s t r i n g [ i ] [ 0 ] = s t r i n g [ s ] [ i ] . dx ; to t += s t r i n g [ s ] [ i ] . dx ∗ s t r i n g [ s ] [ i ] . dx ;
v s t r i n g [ i ] [ 1 ] = s t r i n g [ s ] [ i ] . dy ; to t += s t r i n g [ s ] [ i ] . dy ∗ s t r i n g [ s ] [ i ] . dy ;
v s t r i n g [ i ] [ 2 ] = s t r i n g [ s ] [ i ] . dz ; to t += s t r i n g [ s ] [ i ] . dz ∗ s t r i n g [ s ] [ i ] . dz ;
v s t r i n g [ i ] [ 3 ] = 0 . 0 ;

}
80 to t = sq r t ( to t / (3 ∗ N) ) ;

f o r ( i n t i = 0 ; i < N; ++i ) {
v s t r i n g [ i ] [ 0 ] /= tot ;
v s t r i n g [ i ] [ 1 ] /= tot ;
v s t r i n g [ i ] [ 2 ] /= tot ;

85 v s t r i n g [ i ] [ 3 ] /= tot ;
}
glTexSubImage1D (GL TEXTURE 1D, 0 , 0 , N, GL RGBA, GL FLOAT, v s t r i n g ) ;
glUniform1fARB ( ufudge , (N − 1) / ( f l o a t ) MAXN) ;
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glUniform1fARB ( uangle , atan2 ( v s t r i n g [N− 1 ] [ 1 ] , v s t r i n g [N− 1 ] [ 0 ] ) ) ;
90 g lBeg in (GL QUADS) ; {

f l o a t a = width ∗ 1 .0 / he ight ;
f l o a t f = N ∗ 1 .25 / MAXN;
f l o a t x = a ∗ f ;
f l o a t y = f ;

95 glTexCoord2f ( x , −y ) ; g lVer t ex2 f (1 , 0) ;
glTexCoord2f ( x , y ) ; g lVer t ex2 f (1 , 1) ;
glTexCoord2f (−x , y ) ; g lVe r t ex2 f (0 , 1) ;
glTexCoord2f (−x , −y ) ; g lVer t ex2 f (0 , 0) ;

} glEnd ( ) ;
100 glutSwapBuf fers ( ) ;

g lutReportError s ( ) ;
}

s t a t i c void reshapecb ( i n t w, i n t h) {
105 width = w;

he ight = h ;
glViewport (0 , 0 , width , he ight ) ;
g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 1 , 0) ;

110 g lutPostRed i sp lay ( ) ;
}

s t a t i c void t imercb ( i n t v ) {
g lutPostRed i sp lay ( ) ;

115 glutTimerFunc (20 , timercb , v ) ;
}

s t a t i c double f 1 s [ 2 5 6 ] ;
s t a t i c double f 2 s [ 2 5 6 ] ;

120 s t a t i c void keyboard1cb ( unsigned char key , i n t x , i n t y ) {
i f ( i s a l pha ( key ) ) {

i f ( i supper ( key ) ) {
f 1 s [ to lower ( key ) ] = f1 ;
f 2 s [ to lower ( key ) ] = f2 ;

125 } e l s e {
f 1 = f 1 s [ key ] ;
f 2 = f 2 s [ key ] ;

}
} e l s e {

130 switch ( key ) {
case ’ ’ : { double temp = f1 ; f 1 = f2 ; f 2 = −temp ; break ; }
}

}
}

135

s t a t i c void keyboard2cb ( i n t key , i n t x , i n t y ) {
switch ( key ) {
case GLUT KEY F11 :

f u l l s c r e e n = ! f u l l s c r e e n ;
140 i f ( f u l l s c r e e n ) {

g lu tFu l l S c r e en ( ) ;
g lutSetCursor (GLUT CURSORNONE) ;

} e l s e {
glutReshapeWindow (512 , 288) ;

145 g lutSetCursor (GLUT CURSOR INHERIT) ;
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}
break ;

}
}

150

s t a t i c void mousecb ( i n t x , i n t y ) {
double f = (x − width / 2) ∗ 2 .0 / width ;
double d = ( he ight / 2 − y ) ∗ 4 .0 / he ight ;
double m = (pow(2 , f abs ( f ) ) − 1) ∗ ( f < 0 ? −1 : 1) ;

155 double r = pow(2 , d) ;
f 1 = (m ∗ r ) / 8 . 0 ;
f 2 = (m / r ) / 8 . 0 ;

}

160 s t a t i c double l s = 0 ;

s t a t i c i n t proce s scb ( j a ck n f r ames t nframes , void ∗ arg ) {
j a c k d e f au l t aud i o s amp l e t ∗out [ 2 ] ;
out [ 0 ] = ( j a c k d e f au l t aud i o s amp l e t ∗)

165 j a c k p o r t g e t b u f f e r ( port [ 0 ] , nframes ) ;
out [ 1 ] = ( j a c k d e f au l t aud i o s amp l e t ∗)

j a c k p o r t g e t b u f f e r ( port [ 1 ] , nframes ) ;
f o r ( unsigned i n t k = 0 ; k < nframes ; ++k , ++phase ) {

i f ( phase >= 2 ∗ N) {
170 phase = 0 ;

}
i f ( phase == 0) {

double s = 0 ;
f o r ( i n t i = 0 ; i < N; ++i ) {

175 s += s t r i n g [w ] [ i ] . dx ∗ s t r i n g [w ] [ i ] . dx
+ s t r i n g [w ] [ i ] . dy ∗ s t r i n g [w ] [ i ] . dy
+ s t r i n g [w ] [ i ] . dz ∗ s t r i n g [w ] [ i ] . dz ;

}
s = 4 ∗ s q r t ( s / N) ;

180 l s = 0 .99 ∗ l s + 0 .01 ∗ s ;
i f ( ! ( l s > 0) ) { l s = 1 ; }
double a0 = −atan2 ( s t r i n g [w ] [ N−1 ] . dy , s t r i n g [w ] [ N−1 ] . dx ) ;
double s0 = s i n ( a0 ) ;
double c0 = cos ( a0 ) ;

185 f o r ( i n t j = 0 ; j < 2 ∗ N; ++j ) {
i n t i = j >= N ? 2 ∗ N − 1 − j : j ;
double x = c0 ∗ s t r i n g [w ] [ i ] . dx + s0 ∗ s t r i n g [w ] [ i ] . dy ;
double y = −s0 ∗ s t r i n g [w ] [ i ] . dx + c0 ∗ s t r i n g [w ] [ i ] . dy ;
double lv = x ∗ x + s t r i n g [w ] [ i ] . dz ∗ s t r i n g [w ] [ i ] . dz ;

190 double rv = y ∗ y + s t r i n g [w ] [ i ] . dz ∗ s t r i n g [w ] [ i ] . dz ;
double wd = (1 − cos ( j ∗ PI / N) ) / 2 ;
l v = sq r t ( l v ) / l s ;
rv = sq r t ( rv ) / l s ;
l o = 0.999 ∗ l o + 0.001 ∗ l v ;

195 ro = 0.999 ∗ ro + 0.001 ∗ rv ;
lh = lv − l o ;
rh = rv − ro ;
lb = tanh ( 0 . 5 ∗ lb + 0 .5 ∗ wd ∗ lh ) ;
rb = tanh ( 0 . 5 ∗ rb + 0 .5 ∗ wd ∗ rh ) ;

200 buf [ j ] [ 0 ] = tanh (2 ∗ lb ) ;
buf [ j ] [ 1 ] = tanh (2 ∗ rb ) ;

}
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double a1 = 1 / (1 + f1 ∗ f 2 ) ;
double a2 = 1 / (1 + f1 ∗ f 2 ) ;

205 f o r ( i n t t t = 0 ; t t < 256 ; ++t t ) {
p1 += f1 ∗ N / SR;
p2 += f2 ∗ N / SR;
whi l e ( p1 > 1) { p1 −= 1 ; } whi le ( p1 < 0) { p1 += 1 ; }
whi le ( p2 > 1) { p2 −= 1 ; } whi le ( p2 < 0) { p2 += 1 ; }

210 {
double fx = a1 ∗ cos (2 ∗ PI ∗ p1 ) − a2 ∗ s i n (2 ∗ PI ∗ p2 ) ;
double fy = a1 ∗ s i n (2 ∗ PI ∗ p1 ) + a2 ∗ cos (2 ∗ PI ∗ p2 ) ;
double f z = 0 ;
s t r i n g [1−w ] [ 0 ] . dx = FRICTION ∗ s t r i n g [w ] [ 0 ] . dx + fx ∗ DT;

215 s t r i n g [1−w ] [ 0 ] . dy = FRICTION ∗ s t r i n g [w ] [ 0 ] . dy + fy ∗ DT;
s t r i n g [1−w ] [ 0 ] . dz = FRICTION ∗ s t r i n g [w ] [ 0 ] . dz + f z ∗ DT;
s t r i n g [1−w ] [ 0 ] . x = s t r i n g [w ] [ 0 ] . x + s t r i n g [1−w ] [ 0 ] . dx ∗ DT;
s t r i n g [1−w ] [ 0 ] . y = s t r i n g [w ] [ 0 ] . y + s t r i n g [1−w ] [ 0 ] . dy ∗ DT;
s t r i n g [1−w ] [ 0 ] . z = s t r i n g [w ] [ 0 ] . z + s t r i n g [1−w ] [ 0 ] . dz ∗ DT;

220 }
f o r ( i n t i = 1 ; i < N − 1 ; ++i ) {

double fx = s t r i n g [w ] [ i −1 ] . x + s t r i n g [w ] [ i +1] . x − 2 ∗ s t r i n g [w ] [ i ] . x ;
double fy = s t r i n g [w ] [ i −1 ] . y + s t r i n g [w ] [ i +1] . y − 2 ∗ s t r i n g [w ] [ i ] . y ;
double f z = s t r i n g [w ] [ i −1 ] . z + s t r i n g [w ] [ i +1] . z − 2 ∗ s t r i n g [w ] [ i ] . z

225 − GRAVITY;
s t r i n g [1−w ] [ i ] . dx = FRICTION ∗ s t r i n g [w ] [ i ] . dx + fx ∗ DT;
s t r i n g [1−w ] [ i ] . dy = FRICTION ∗ s t r i n g [w ] [ i ] . dy + fy ∗ DT;
s t r i n g [1−w ] [ i ] . dz = FRICTION ∗ s t r i n g [w ] [ i ] . dz + f z ∗ DT;
s t r i n g [1−w ] [ i ] . x = s t r i n g [w ] [ i ] . x + s t r i n g [1−w ] [ i ] . dx ∗ DT;

230 s t r i n g [1−w ] [ i ] . y = s t r i n g [w ] [ i ] . y + s t r i n g [1−w ] [ i ] . dy ∗ DT;
s t r i n g [1−w ] [ i ] . z = s t r i n g [w ] [ i ] . z + s t r i n g [1−w ] [ i ] . dz ∗ DT;

}
f o r ( i n t i = N − 1 ; i < N; ++i ) {

double fx = s t r i n g [w ] [ i −1 ] . x − s t r i n g [w ] [ i ] . x ;
235 double fy = s t r i n g [w ] [ i −1 ] . y − s t r i n g [w ] [ i ] . y ;

double f z = s t r i n g [w ] [ i −1 ] . z − s t r i n g [w ] [ i ] . z − GRAVITY;
s t r i n g [1−w ] [ i ] . dx = FRICTION ∗ s t r i n g [w ] [ i ] . dx + fx ∗ DT;
s t r i n g [1−w ] [ i ] . dy = FRICTION ∗ s t r i n g [w ] [ i ] . dy + fy ∗ DT;
s t r i n g [1−w ] [ i ] . dz = FRICTION ∗ s t r i n g [w ] [ i ] . dz + f z ∗ DT;

240 s t r i n g [1−w ] [ i ] . x = s t r i n g [w ] [ i ] . x + s t r i n g [1−w ] [ i ] . dx ∗ DT;
s t r i n g [1−w ] [ i ] . y = s t r i n g [w ] [ i ] . y + s t r i n g [1−w ] [ i ] . dy ∗ DT;
s t r i n g [1−w ] [ i ] . z = s t r i n g [w ] [ i ] . z + s t r i n g [1−w ] [ i ] . dz ∗ DT;

}
w = 1 − w;

245 }
++t ;

}
out [ 0 ] [ k ] = buf [ phase ] [ 0 ] ;
out [ 1 ] [ k ] = buf [ phase ] [ 1 ] ;

250 }
re turn 0 ;

}

s t a t i c i n t s r a t e cb ( j a ck n f r ames t nframes , void ∗ arg ) {
255 SR = nframes ;

N = fmin ( fmax (SR / HZ, MINN) , MAXN) ;
re turn 0 ;

}
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260 s t a t i c void e r ro r cb ( const char ∗desc ) {
f p r i n t f ( s tde r r , ”JACK e r r o r : %s \n” , desc ) ;

}

s t a t i c void shutdowncb ( void ∗ arg ) {
265 e x i t (1 ) ;

}

s t a t i c void ex i t cb ( void ) {
j a c k c l i e n t c l o s e ( c l i e n t ) ;

270 }

s t a t i c const char ∗ s r c =
”uniform sampler1D tex ;\n”
”uniform sampler2D pa l e t t e ;\n”

275 ”uniform f l o a t fudge ;\n”
”uniform f l o a t ang le ;\n”
” void main ( ) {\n”
” vec2 q = gl TexCoord [ 0 ] . xy ;\n”
” f l o a t l = length (q ) ;\n”

280 ” f l o a t a = atan (q . y , q . x ) + ang le ;\n”
” f l o a t s = s i n ( a ) ;\n”
” f l o a t c = cos ( a ) ;\n”
” mat2 m = mat2 ( c , s , −s , c ) ;\n”
” f l o a t r = clamp ( l , 0 . 0 , fudge ) ;\n”

285 ” vec2 p = texture1D ( tex , r ) . rg ;\n”
” vec4 rgba = texture2D ( pa l e t t e , p ∗ m ∗ 0 .125 + vec2 ( 0 . 5 ) ) ;\n”
” rgba . rgb ∗= pow( clamp ( r / l , 0 . 0 , 1 . 0 ) , 2 . 0 ) ;\n”
” g l FragCo lor = rgba ;\n”
”}\n ” ;

290

i n t main ( i n t argc , char ∗∗ argv ) {
HZ = 0 ;
i f ( argc > 1) {
HZ = ato f ( argv [ 1 ] ) ;

295 }
i f ( ! HZ) { HZ = 96000.0 / 1024 . 0 ; }
memset ( s t r i ng , 0 , 2 ∗ MAXN ∗ s i z e o f ( s t r u c t elem ) ) ;
memset ( buf , 0 , 2 ∗ MAXN ∗ s i z e o f ( j a c k d e f au l t aud i o s amp l e t ) ) ;
f o r ( i n t i = 0 ; i < N; ++i ) {

300 s t r i n g [w ] [ i ] . z = − i ;
}
memset ( f1s , 0 , 256 ∗ s i z e o f ( double ) ) ;
memset ( f2s , 0 , 256 ∗ s i z e o f ( double ) ) ;
/∗ i n i t i a l i z e OpenGL ∗/

305 glutInitWindowSize ( width , he ight ) ;
g l u t I n i t (&argc , argv ) ;
g lut In i tDisp layMode (GLUTRGBA | GLUTDOUBLE) ;
glutCreateWindow (” s t r i n g t h i n g ”) ;
g l ew In i t ( ) ;

310 glShadeModel (GL FLAT) ;
GLuint texp ;
g lAct iveTexture (GL TEXTURE1) ;
glGenTextures (1 , &texp ) ;
g lEnable (GL TEXTURE 2D) ;

315 glBindTexture (GL TEXTURE 2D, texp ) ;
unsigned char ∗bufp = mal loc (512 ∗ 512 ∗ 4) ;
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double gamma = 1 ;
f o r ( i n t j = 0 ; j < 512 ; ++j ) {

f o r ( i n t i = 0 ; i < 512 ; ++i ) {
320 double x = ( i − 256) / 6 4 . 0 ;

double y = ( j − 256) / 6 4 . 0 ;
double h = atan2 (y , x ) ∗ 0 .15915494309189535 ;
double s = fmin (0 . 25 ∗ s q r t ( x ∗ x + y ∗ y ) , 1 . 0 ) ;
double v = 0.0625 ∗ ( x ∗ x + y ∗ y ) ;

325 h −= f l o o r (h) ;
h ∗= 6 ;
i n t k = f l o o r (h) ;
double f = h − k ;
double p = v ∗ (1 − s ) ;

330 double q = v ∗ (1 − s ∗ f ) ;
double t = v ∗ (1 − s ∗ (1 − f ) ) ;
double r , g , b ;
switch (k ) {
case 0 : r = v ; g = t ; b = p ; break ;

335 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 ;
d e f au l t : r = v ; g = p ; b = q ; break ;

340 }
double z = 0 .5 ∗ s / (0 . 001 + 0.299 ∗ r + 0.587 ∗ g + 0.114 ∗ b) ;
double w = pow(256 , 1 .0/gamma) ∗ 256 ∗ z / (1 + pow( fmax (x ∗ x + y ∗ y , ⤦

Ç 16) , 2) ) ;
bufp [ ( 512 ∗ j + i ) ∗4 + 0 ] = fmin ( fmax (pow(w ∗ r , gamma) , 0) , 255) ;
bufp [ ( 512 ∗ j + i ) ∗4 + 1 ] = fmin ( fmax (pow(w ∗ g , gamma) , 0) , 255) ;

345 bufp [ ( 512 ∗ j + i ) ∗4 + 2 ] = fmin ( fmax (pow(w ∗ b , gamma) , 0) , 255) ;
bufp [ ( 512 ∗ j + i ) ∗4 + 3 ] = 1 ;

}
}
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA, 512 , 512 , 0 , GL RGBA, GL UNSIGNED BYTE⤦

Ç , bufp ) ;
350 f r e e ( bufp ) ;

glGenerateMipmap (GL TEXTURE 2D) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP S, GL CLAMP TO EDGE) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTUREWRAP T, GL CLAMP TO EDGE) ;
g lAct iveTexture (GL TEXTURE0) ;

355 GLuint tex ;
glGenTextures (1 , &tex ) ;
g lEnable (GL TEXTURE 1D) ;
glBindTexture (GL TEXTURE 1D, tex ) ;
glTexImage1D (GL TEXTURE 1D, 0 , GL RGBA32F ARB, MAXN, 0 , GL RGBA, GL FLOAT, 0) ;

360 glTexParameteri (GL TEXTURE 1D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 1D, GL TEXTURE MAG FILTER, GL NEAREST) ;

/∗ compi le shaders ∗/
GLint su c c e s s ;

365 i n t prog = glCreateProgramObjectARB ( ) ;
i n t f r ag = glCreateShaderObjectARB (GL FRAGMENT SHADERARB) ;
glShaderSourceARB ( frag , 1 , ( const GLcharARB ∗∗) &src , 0) ;
glCompileShaderARB ( f r ag ) ;
glAttachObjectARB ( prog , f r a g ) ;

370 glLinkProgramARB( prog ) ;
glGetObjectParameterivARB ( prog , GL OBJECT LINK STATUS ARB, &suc c e s s ) ;
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i f ( ! s u c c e s s ) e x i t (1 ) ;
glUseProgramObjectARB ( prog ) ;
glUniform1iARB ( glGetUniformLocationARB ( prog , ” tex ”) , 0) ;

375 glUniform1iARB ( glGetUniformLocationARB ( prog , ” pa l e t t e ”) , 1) ;
ufudge = glGetUniformLocationARB ( prog , ” fudge ”) ;
uangle = glGetUniformLocationARB ( prog , ” ang le ”) ;

/∗ s e t up c a l l b a ck s ∗/
380 glutDisplayFunc ( d i sp laycb ) ;

glutReshapeFunc ( reshapecb ) ;
glutMotionFunc (mousecb ) ;
glutPassiveMotionFunc (mousecb ) ;
glutKeyboardFunc ( keyboard1cb ) ;

385 g lutSpec ia lFunc ( keyboard2cb ) ;
glutTimerFunc (20 , timercb , 0) ;

/∗ i n i t i a l i z e JACK ∗/
j a c k s e t e r r o r f u n c t i o n ( e r ro r cb ) ;

390 i f ( ! ( c l i e n t = j a c k c l i e n t o p e n (” s t r i n g t h i n g ” , 0 , 0) ) ) {
re turn 1 ;

}
a t e x i t ( ex i t cb ) ;
j a c k s e t p r o c e s s c a l l b a c k ( c l i e n t , processcb , 0) ;

395 j a c k s e t s amp l e r a t e c a l l b a c k ( c l i e n t , s ratecb , 0) ;
jack on shutdown ( c l i e n t , shutdowncb , 0) ;
port [ 0 ] = j a c k p o r t r e g i s t e r (

c l i e n t , ” output 1 ” , JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0
) ;

400 port [ 1 ] = j a c k p o r t r e g i s t e r (
c l i e n t , ” output 2 ” , JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0

) ;
i f ( j a c k a c t i v a t e ( c l i e n t ) ) {

f p r i n t f ( s tde r r , ” cannot a c t i v a t e JACK c l i e n t ”) ;
405 re turn 1 ;

}
const char ∗∗ por t s ;
i f ( ( por t s = j a c k g e t p o r t s (

c l i e n t , NULL, NULL, JackPort I sPhys i ca l | JackPortIs Input
410 ) ) ) {

i n t i = 0 ;
whi l e ( por t s [ i ] && i < 2) {

i f ( j a ck connec t (
c l i e n t , jack port name ( port [ i ] ) , por t s [ i ]

415 ) ) {
f p r i n t f ( s tde r r , ” cannot connect output port \n”) ;

}
i++;

}
420 f r e e ( por t s ) ;

}

glutMainLoop ( ) ;
r e turn 0 ;

425 }

76 temple/.gitignore
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temple

77 temple/Makefile

temple : temple . c
gcc −O3 −std=c99 −Wall −Wextra −pedant ic −o temple temple . c −lm − l j a c k

c l ean :
5 −rm temple

.PHONY: c l ean

78 temple/README

port o f a pd+gr i d f l ow patch from 2010

make

5 f fmpeg − i s omev id eo f i l e − f yuv4mpegpipe − | . / temple

79 temple/temple.c

#de f i n e DEFAULT SOURCE

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

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

10 s t a t i c const f l o a t p i f = 3.141592653589793 f ;

s t r u c t vec to r {
f l o a t v [ 3 ] ;

} ;
15

#de f i n e BUCKETS 8

s t r u c t histogram {
f l o a t h [BUCKETS] ;

20 } ;

s t a t i c void c l e a r ( s t r u c t histogram ∗h) {
f o r ( i n t i = 0 ; i < BUCKETS; ++i ) {

h−>h [ i ] = 0 .0 f ;
25 }

}

s t a t i c void accum( s t r u c t histogram ∗h , const s t r u c t vec to r ∗v ) {
i n t b = ( ( i n t ) f l o o r (BUCKETS/2 .0 f ∗ ( atan2 f (v−>v [ 1 ] , v−>v [ 2 ] ) / p i f + 1 .0 f ) ) +⤦

Ç BUCKETS) % BUCKETS;
30 h−>h [ b ] += v−>v [ 0 ] ;

}
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s t a t i c void histy4m ( s t r u c t histogram ∗h , const unsigned char ∗y , const unsigned ⤦
Ç char ∗u , const unsigned char ∗v , i n t width , i n t he ight ) {

c l e a r (h) ;
35 f o r ( i n t j = 0 ; j < he ight /2 ; ++j ) {

f o r ( i n t i = 0 ; i < width /2 ; ++i ) {
s t r u c t vec to r p ;
p . v [ 0 ] = 0 .25 f ∗ ( y [ 2∗ j ∗width + 2∗ i ] + y [2∗ j ∗width + 2∗ i +1] + y [ ( 2∗ j +1)∗⤦

Ç width + 2∗ i ] + y [ ( 2∗ j +1)∗width + 2∗ i +1]) ;
p . v [ 1 ] = u [ j ∗width/2 + i ] − 128 .0 f ;

40 p . v [ 2 ] = v [ j ∗width/2 + i ] − 128 .0 f ;
accum(h , &p) ;

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

45 h−>h [ i ] /= ( width ∗ he ight ∗ 256 .0 ) ;
}

}

#de f i n e TABSIZE 1024
50

s t r u c t borgan {
f l o a t t ab l e [ 2 ] [ TABSIZE ] ;
i n t read [ 2 ] ;
i n t wr i t e ;

55 i n t which ;
f l o a t env [TABSIZE ] ;
f l o a t h ip co e f ;
f l o a t hip [ 2 ] ;
f l o a t l op c o e f ;

60 f l o a t lop [ 2 ] ;
f l o a t phase ;
f l o a t inc ;

} ;

65 void bo r gan i n i t ( s t r u c t borgan ∗b , f l o a t sr , f l o a t f ) {
memset (b , 0 , s i z e o f ( s t r u c t borgan ) ) ;
f o r ( i n t i = 0 ; i < TABSIZE ; ++i ) {

b−>env [ i ] = s i n f ( i ∗ p i f / TABSIZE) ;
}

70 b−>h ipco e f = 1 .0 f − 10 .0 f ∗ 2 .0 f ∗ p i f / s r ;
b−> l o p c o e f = 1000 .0 f ∗ 2 .0 f ∗ p i f / s r ;
b−> i n c = TABSIZE ∗ f / s r ;

}

75 f l o a t borgan dsp ( s t r u c t borgan ∗b , f l o a t vo l ) {
f l o a t osc1 = b−>t ab l e [ b−>which ] [ b−>read [ 0 ] ] ;
f l o a t osc2 = b−>t ab l e [ b−>which ] [ b−>read [ 1 ] ] ;
f l o a t osc = tanhf ( 1 . 5 f ∗ ( osc1 − osc2 + 0.25 f ∗ ( rand ( ) / ( f l o a t ) RANDMAX ∗ ⤦

Ç 2 .0 f − 1 .0 f ) ) ) ;
f l o a t n = 0 .5 f ∗ ( 1 . 0 f + b−>h ipco e f ) ;

80 f l o a t t = osc + b−>h ipco e f ∗ b−>hip [ 0 ] ;
osc = n ∗ ( t − b−>hip [ 0 ] ) ;
b−>hip [ 0 ] = t ;
t = osc + b−>h ipco e f ∗ b−>hip [ 1 ] ;
osc = n ∗ ( t − b−>hip [ 1 ] ) ;

85 b−>hip [ 1 ] = t ;
n = 1 .0 f − b−> l o p c o e f ;
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b−>l op [ 0 ] = osc = b−> l o p c o e f ∗ osc + n ∗ b−>l op [ 0 ] ;
b−>l op [ 1 ] = osc = b−> l o p c o e f ∗ osc + n ∗ b−>l op [ 1 ] ;
b−>t ab l e [ 1 − b−>which ] [ b−>wr i t e ] = b−>env [ b−>wr i t e ] ∗ osc ;

90 i n t i = f l o o r f (b−>phase ) ;
f l o a t x = b−>phase − i ;
f l o a t p = b−>t ab l e [ b−>which ] [ ( i − 1) & (TABSIZE − 1) ] ;
f l o a t q = b−>t ab l e [ b−>which ] [ ( i ) & (TABSIZE − 1) ] ;
f l o a t r = b−>t ab l e [ b−>which ] [ ( i + 1) & (TABSIZE − 1) ] ;

95 f l o a t s = b−>t ab l e [ b−>which ] [ ( i + 2) & (TABSIZE − 1) ] ;
f l o a t out = 0 .5 f ∗ ((−x∗x∗x+2.0 f ∗x∗x−x ) ∗ p + (3 . 0 f ∗x∗x∗x−5.0 f ∗x∗x+2.0 f ) ∗ q +⤦

Ç ( −3.0 f ∗x∗x∗x+4.0 f ∗x∗x+x) ∗ r + (x∗x∗x−x∗x ) ∗ s ) ;
b−>phase += b−> i n c ;
i f (b−>phase >= TABSIZE) {

b−>phase −= TABSIZE ;
100 }

b−>read [ 0 ] = (b−>read [ 0 ] + 1) & (TABSIZE − 1) ;
b−>read [ 1 ] = (b−>read [ 1 ] − 2) & (TABSIZE − 1) ;
b−>wr i t e = (b−>wr i t e + 1) & (TABSIZE − 1) ;
i f ( ! b−>wr i t e ) {

105 b−>which = 1 − b−>which ;
}
re turn out ∗ vo l ;

}

110 s t r u c t dsp {
s t r u c t borgan b [ 2 ] [BUCKETS] ;

} ;

void d s p i n i t ( s t r u c t dsp ∗d , f l o a t s r ) {
115 f o r ( i n t i = 0 ; i < BUCKETS; ++i ) {

bo r gan i n i t (&d−>b [ 0 ] [ i ] , sr , 30 .0 f ∗ ( i + 1) ) ;
b o r gan i n i t (&d−>b [ 1 ] [ i ] , sr , 30 .0 f ∗ ( i + 1) ) ;

}
}

120

void dsp dsp ( s t r u c t dsp ∗d , const s t r u c t histogram ∗h , f l o a t ∗ o l e f t , f l o a t ∗⤦
Ç o r i gh t ) {

f l o a t o [ 2 ] = { 0 .0 f , 0 . 0 f } ;
f o r ( i n t i = 0 ; i < BUCKETS; ++i ) {

o [ 0 ] += borgan dsp(&d−>b [ 0 ] [ i ] , h−>h [ i ] ) ;
125 o [ 1 ] += borgan dsp(&d−>b [ 1 ] [ i ] , h−>h [ i ] ) ;

}
∗ o l e f t = o [ 0 ] ;
∗ o r i gh t = o [ 1 ] ;

}
130

s t r u c t dsp dsp ;
i n t which = 0 ;
s t r u c t histogram histogram [ 2 ] ;

135 s t a t i c j a c k c l i e n t t ∗ c l i e n t ;
s t a t i c j a c k p o r t t ∗port [ 2 ] ;

s t a t i c i n t s r a t e cb ( j a ck n f r ames t sr , void ∗ arg ) {
( void ) arg ;

140 d s p i n i t (&dsp , s r ) ;
r e turn 0 ;
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}

s t a t i c void e r ro r cb ( const char ∗desc ) {
145 f p r i n t f ( s tde r r , ”JACK e r r o r : %s \n” , desc ) ;

}

s t a t i c void shutdowncb ( void ∗ arg ) {
( void ) arg ;

150 e x i t (1 ) ;
}

s t a t i c void ex i t cb ( void ) {
j a c k c l i e n t c l o s e ( c l i e n t ) ;

155 }

s t a t i c i n t proce s scb ( j a ck n f r ames t nframes , void ∗ arg ) {
( void ) arg ;
j a c k d e f au l t aud i o s amp l e t ∗out [ 2 ] ;

160 out [ 0 ] = ( j a c k d e f au l t aud i o s amp l e t ∗)
j a c k p o r t g e t b u f f e r ( port [ 0 ] , nframes ) ;

out [ 1 ] = ( j a c k d e f au l t aud i o s amp l e t ∗)
j a c k p o r t g e t b u f f e r ( port [ 1 ] , nframes ) ;

f o r ( unsigned i n t k = 0 ; k < nframes ; ++k) {
165 f l o a t l , r ;

dsp dsp(&dsp , &histogram [ which ] , &l , &r ) ;
out [ 0 ] [ k ] = l ;
out [ 1 ] [ k ] = r ;

}
170 re turn 0 ;

}

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

175 ( void ) argv ;
f o r ( i n t i = 0 ; i < BUCKETS; ++i ) {

histogram [ 0 ] . h [ i ] = 1 .0 / BUCKETS;
histogram [ 1 ] . h [ i ] = 1 .0 / BUCKETS;

}
180 j a c k s e t e r r o r f u n c t i o n ( e r ro r cb ) ;

i f ( ! ( c l i e n t = j a c k c l i e n t o p e n (” temple ” , 0 , 0) ) ) {
re turn 1 ;

}
a t e x i t ( ex i t cb ) ;

185 j a c k s e t p r o c e s s c a l l b a c k ( c l i e n t , processcb , 0) ;
j a c k s e t s amp l e r a t e c a l l b a c k ( c l i e n t , s ratecb , 0) ;
jack on shutdown ( c l i e n t , shutdowncb , 0) ;
port [ 0 ] = j a c k p o r t r e g i s t e r (

c l i e n t , ” output 1 ” , JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0
190 ) ;

port [ 1 ] = j a c k p o r t r e g i s t e r (
c l i e n t , ” output 2 ” , JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0

) ;
i f ( j a c k a c t i v a t e ( c l i e n t ) ) {

195 f p r i n t f ( s tde r r , ” cannot a c t i v a t e JACK c l i e n t ”) ;
r e turn 1 ;

}
const char ∗∗ por t s ;

209
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i f ( ( por t s = j a c k g e t p o r t s (
200 c l i e n t , NULL, NULL, JackPort I sPhys i ca l | JackPortIs Input

) ) ) {
i n t i = 0 ;
whi l e ( por t s [ i ] && i < 2) {

i f ( j a ck connec t (
205 c l i e n t , jack port name ( port [ i ] ) , por t s [ i ]

) ) {
f p r i n t f ( s tde r r , ” cannot connect output port \n”) ;

}
i++;

210 }
f r e e ( por t s ) ;

}
i n t width , he ight ;
FILE ∗ f = s td in ;

215 f s c a n f ( f , ”YUV4MPEG2 W%d H%d F25 : 1 Ip A1: 1 C420mpeg2 XYSCSS=420MPEG2\n” , &⤦
Ç width , &he ight ) ;

unsigned char ∗ybuf = mal loc ( width ∗ he ight ) ;
unsigned char ∗ubuf = mal loc ( width ∗ he ight / 4) ;
unsigned char ∗vbuf = mal loc ( width ∗ he ight / 4) ;
whi l e (EOF != f s c a n f ( f , ”FRAME\n”) ) {

220 putchar ( ’ . ’ ) ;
f f l u s h ( stdout ) ;
f r ead ( ybuf , width ∗ height , 1 , f ) ;
f r ead ( ubuf , width ∗ he ight / 4 , 1 , f ) ;
f r ead ( vbuf , width ∗ he ight / 4 , 1 , f ) ;

225 histy4m(&histogram [1 − which ] , ybuf , ubuf , vbuf , width , he ight ) ;
which = 1 − which ;
u s l e ep (40000) ;

}
f r e e ( ybuf ) ;

230 f r e e ( ubuf ) ;
f r e e ( vbuf ) ;
r e turn 0 ;

}
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