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1 bitbreeder.hs

module Main (main ) where

import Control . Exception ( handle , SomeException )
import Control .Monad ( forM , when)

5 import Control .Monad .Random ( evalRandIO )
import Control . Concurrent ( forkIO ) −− , threadDelay )
import GHC. Conc ( numCapabi l i t i e s )
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bitbreeder bitbreeder.hs

import Data .Maybe ( listToMaybe )
10 import Data . Time . Clock ( getCurrentTime , diffUTCTime )

import Data . Vector . Unboxed ( ( ! ) , (//) )
import System . IO ( hSetBuf fe r ing , BufferMode ( L ineBu f f e r ing ) , hPutStrLn , stdout ) ⤦

Ç −− , s t d e r r )

import Graphics . UI . Gtk
15 import Control . Concurrent .STM

import System . Process

import Express ion
import Evolve

20 import Compile
import Populat ion
import q u a l i f i e d Metric as M

gui : : (TVar [ TVar Populat ion ] , TBQueue Item ) −> IO ( )
25 gui (dbsV , toAudio ) = do

wi <− windowNew
nb <− notebookNew
v i s i b l eV <− newTVarIO 0

<− nb ‘ on ‘ switchPage $ a tomica l l y . writeTVar v i s i b l eV
30 l e t addTab tabname = do

db <− atomica l l y $ ( readTVar . head ) =<< readTVar dbsV
databaseV <− newTVarIO db
targetV <− newTVarIO M. emptyTarget
weightV <− newTVarIO M. emptyWeight

35 a tomica l l y $ modifyTVar dbsV ( databaseV : )
v <− vBoxNew False 5
l e t r e s o r t = do

t <− readTVar targetV
w <− readTVar weightV

40 modifyTVar databaseV $ t a r g e t t w
t S l i d e r k = do

t <− hScaleNewWithRange (−5) 5 0 .01
scaleSetDrawValue t Fa l se
widgetSetS izeRequest t 512 24

45 rangeSetValue t 0
<− t ‘ on ‘ valueChanged $ do
u <− rangeGetValue t
a tomica l l y $ do

modifyTVar targetV (\ (M.T z ) −> M.T $ z // [ ( k , realToFrac u)⤦
Ç ] )

50 r e s o r t
re turn t

wSl ider k = do
w <− hScaleNewWithRange 0 1 0 .001
scaleSetDrawValue w False

55 widgetSetS izeRequest w 256 24
rangeSetValue w 0

<− w ‘on ‘ valueChanged $ do
u <− rangeGetValue w
atomica l l y $ do

60 modifyTVar weightV (\ (M.W z ) −> M.W $ z // [ ( k , realToFrac u)⤦
Ç ] )

r e s o r t
re turn w

3



bitbreeder bitbreeder.hs

row k n = do
h <− hBoxNew False 5

65 l <− labelNew ( Just n)
widgetSetS izeRequest l 160 24
t <− t S l i d e r k
w <− wSl ider k
boxPackStart h l PackNatural 0

70 boxPackEnd h w PackGrow 0
boxPackEnd h t PackGrow 0
boxPackStart v h PackNatural 0

forM ( z ip [ 0 . . ] names ) $ uncurry row
widgetShowAll v

75 page <− notebookAppendPage nb v tabname
notebookSetCurrentPage nb page
l e t topWatcher n = do

n ’ <− a tomica l l y $ do
mi <− l istToMaybe . toAscLi s t <$> readTVar databaseV

80 case mi o f
Just i | itemID i /= n −> do

v i s <− ( page ==) <$> readTVar v i s i b l eV
when v i s $ writeTBQueue toAudio i
r e turn ( itemID i )

85 −> r e t r y
topWatcher n ’

visWatcher Fa l se = do
atomica l l y $ do

v i s <− ( page ==) <$> readTVar v i s i b l eV
90 i f not v i s then r e t r y e l s e do

mi <− l istToMaybe . toAscLi s t <$> readTVar databaseV
case mi o f

Just i −> writeTBQueue toAudio i
−> re turn ( )

95 visWatcher True
visWatcher True = do

atomica l l y $ do
v i s <− ( page ==) <$> readTVar v i s i b l eV
when v i s r e t r y

100 visWatcher Fa l se
<− forkIO $ topWatcher (−1)
<− forkIO $ visWatcher Fa l se

re turn ( )
namesV <− newTVarIO $ words ” aardvark beaver chimp donkey e lephant f r og goat ⤦

Ç ha l i bu t iguana jackdaw k i t t en leopard manatee newt o t t e r pigeon qua i l ⤦
Ç rabb i t s t oa t t i g e r unc le v e l o c i r a p t o r whale x t i n c t yow zzz ”

105 l e t addTab ’ = do
name <− a tomica l l y $ do

˜(n : ns ) <− readTVar namesV
writeTVar namesV ns
return n

110 addTab name
b <− buttonNewFromStock stockAdd

<− b ‘ on ‘ buttonAct ivated $ addTab ’
widgetShowAll b
notebookSetActionWidget nb b PackStart

115 s e t nb [ no t ebookSc ro l l ab l e := True , notebookHomogeneous := True ]
s e t wi [ windowTitle := ”BitBreeder ” , conta ine rCh i ld := nb ]
widgetSetS izeRequest wi 1024 576
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windowMove wi 0 0
<− wi ‘ onDestroy ‘ mainQuit

120 widgetShowAll wi
addTab ’
mainGUI

names : : [ S t r ing ]
125 names = [ m ++ ” (” ++ p ++ ”) ” | m <− measurements , p <− parameters ] ++ [”⤦

Ç nove l ty ” ]

measurements : : [ S t r ing ]
measurements =

[ ” loudness ”
130 , ” t o n a l i t y ”

, ” c en t r o id ”
, ” var iance ”
, ” skewness ”
, ” ku r t o s i s ”

135 ]

parameters : : [ S t r ing ]
parameters =

[ ” average ”
140 , ” v a r i a b i l i t y ”

, ” g r anu l a r i t y ”
]

main : : IO ( )
145 main = do

hSetBuf f e r ing stdout L ineBu f f e r ing
args <− initGUI
gui =<< evo lu t i on args

150 breeder : : TVar [ TVar Populat ion ] −> TBQueue E −> IO ( )
breeder dbsV toJudge = loop

where
loop = do

e s s <− map (map itemExpr . toAscLi s t ) <$> a tomica l l y (mapM readTVar =<< ⤦
Ç readTVar dbsV)

155 es <− evalRandIO ( crossBreed e s s )
forM es $ a tomica l l y . writeTBQueue toJudge
loop

judge : : TVar [ TVar Populat ion ] −> TBQueue E −> Int −> Int −> IO ( )
160 judge dbsV toJudge inc = loop

where
loop i = do

e <− a tomica l l y $ readTBQueue toJudge
i gno r eEr ro r s $ do

165 l e t so = ” ./ o/” ++ show i ++ ” . so ”
compileSO e so
( , Just hout , , p ) <− c r ea t eProc e s s ( proc ” ./ b i t b r e ed e r j udg e ” [ so , ⤦

Ç show i ] ) { s td out = CreatePipe , s t d e r r = Inh e r i t }
v@(M.A vv ) <− M. read hout

<− waitForProcess p
170 when ( vv ! 0 > 0) $ do

l e t i t = Item i e v

5



bitbreeder bitbreeder video.hs

a tomica l l y $ do
dbs <− readTVar dbsV
forM dbs $ \db −> modifyTVar db ( update i t )

175 loop ( i + inc )

i gno r eEr ro r s : : IO ( ) −> IO ( )
i gno r eEr ro r s = handle ( (\ −> re turn ( ) ) : : SomeException −> IO ( ) )

180 evo lu t i on : : [ S t r ing ] −> IO (TVar [ TVar Populat ion ] , TBQueue Item )
evo lu t i on args = do

toJudge <− newTBQueueIO ( f r omInteg ra l $ 2 ∗ numCapabi l i t i e s )
toAudio <− newTBQueueIO ( f r omInteg ra l $ 2 ∗ numCapabi l i t i e s )
dbV <− newTVarIO empty

185 dbsV <− newTVarIO [dbV ]
<− forkIO $ breeder dbsV toJudge
<− forkIO $ audio args toAudio

forM [0 . . numCapabi l i t i e s − 1 ] $ forkIO . judge dbsV toJudge numCapabi l i t i e s
re turn (dbsV , toAudio )

190

audio : : [ S t r ing ] −> TBQueue Item −> IO ( )
audio args toAudio = do

( Just audioh , , , ) <− c r ea t eProc e s s ( proc ” ./ b i tb r e ede r aud i o ” [ ] ) { s t d i n⤦
Ç = CreatePipe , s t d e r r = Inh e r i t }

( Just videoh , , , ) <− c r ea t eProc e s s ( proc ” ./ b i t b r e ed e r v i d e o ” args ) { ⤦
Ç s t d i n = CreatePipe , s t d e r r = Inh e r i t }

195 hSetBuf f e r ing audioh L ineBu f f e r ing
hSetBuf f e r ing videoh L ineBu f f e r ing
hPutStrLn videoh ( show (0 : : Double , I 0) )
s t a r t <− getCurrentTime
l e t loop n = do

200 i t <− atomica l l y $ readTBQueue toAudio
when ( itemID i t /= n) $ do

now <− getCurrentTime
l e t frame : : Double

frame = 25 ∗ realToFrac ( diffUTCTime now s t a r t + 4 . 5 )
205 hPutStrLn audioh ( ” . / o/” ++ show ( itemID i t ) ++ ” . so ”)

hPutStrLn videoh ( show ( frame , itemExpr i t ) )
loop ( itemID i t )

loop (−1)

2 bitbreeder video.hs

module Main (main ) where

import Prelude h id ing ( i n i t )

5 import Control . Exception ( handle , SomeException )
import Control .Monad ( f o r eve r , when)
import System . Environment ( getArgs )
import System . IO ( hSetBuf fe r ing , BufferMode ( L ineBu f f e r ing ) , s td in , s tdout )

10 import Graphics . UI .GLFW

import Conf ig ( videoX , videoY , videoW , videoH )
import Express ion
import Video

15
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main : : IO ( )
main = do

hSetBuf f e r ing s td in L ineBu f f e r ing
hSetBuf f e r ing stdout L ineBu f f e r ing

20 args <− getArgs
l e t record = ”−− record ” ‘ elem ‘ args
True <− i n i t
windowHint $ WindowHint ’ Res i zab l e Fa l se
windowHint $ WindowHint ’ Decorated Fal se

25 Just window <− createWindow videoW videoH ”BitBreeder Express ion ” Nothing ⤦
Ç Nothing

setWindowPos window videoX videoY
makeContextCurrent ( Just window)
s <− setupGL
draw s ( I 0)

30 handle ( (\ −> re turn ( ) ) : : SomeException −> IO ( ) ) $ f o r e v e r $ do
ne@(n , e ) <− readLn : : IO (Double , E)
p r i n t ne
draw s e
swapBuffers window

35 when record $ captureToPNG ( pngFilename ( f l o o r n) )
po l lEvent s

destroyWindow window
terminate

3 Compile.hs

module Compile ( compile , compileSO ) where

import System . Process ( rawSystem )

5 import Express ion

compile : : E −> St r ing
compi le X = ” t ”
compile ( I i ) = show i

10 compi le (U u e ) = compileU u (”(” ++ compile e ++ ”) ”)
compi le (B b e f ) = compileB b (”(” ++ compile e ++ ”) ”) (”(” ++ compile f ++ ”)⤦

Ç ”)
compi le (T e f g ) = ”(” ++ compile e ++ ”) ?(” ++ compile f ++ ”) : ( ” ++ compile g⤦

Ç ++ ”) ”

compileU : : U −> St r ing −> St r ing
15 compileU Neg s = ”−” ++ s

compileU LNot s = ” −( !” ++ s ++ ”) ”
compileU BNot s = ”˜” ++ s

compileB : : B −> St r ing −> St r ing −> St r ing
20 compileB Add = op ”+”

compileB Sub = op ”−”
compileB Mul = op ”∗”
compileB Div = fn ” s a f e d i v ”
compileB Mod = fn ” safe mod”

25 compileB BAnd = op ”&”
compileB LAnd = \ l r −> ”−(” ++ op ”&&” l r ++ ”) ”
compileB BOr = op ” |”
compileB LOr = \ l r −> ”−(” ++ op ” | | ” l r ++ ”) ”
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compileB XOr = op ”ˆ”
30 compileB ShL = op ”<<”

compileB ShR = op ”>>”
compileB Lt = \ l r −> ”−(” ++ op ”<” l r ++ ”) ”
compileB Gt = \ l r −> ”−(” ++ op ”>” l r ++ ”) ”

35 op , fn : : S t r ing −> St r ing −> St r ing −> St r ing
op o a b = a ++ o ++ b
fn f a b = f ++ ”(” ++ a ++ ” ,” ++ b ++ ”) ”

compileSO : : E −> Fi lePath −> IO ( )
40 compileSO e so = do

l e t code = compile e
<− rawSystem ”gcc ”

[ ”− std=c99 ” , ”−w” , ”−O3” , ”− shared ” , ”−fPIC ” , ”go . c”
, ”−o ” , so , ”−DT=” ++ code , ”−DCODE=\”” ++ code ++ ”\””

45 ]
r e turn ( )

4 Config.hs

module Config where

videoW , videoH , videoX , videoY : : Int

5 videoW = 1920
videoH = 540

videoX = screen1W − videoW
videoY = 0

10

{−
videoW = screen2W
videoH = (9 ∗ videoW) ‘ div ‘ 16

15 videoX = screen1W
videoY = ( screen2H − videoH ) ‘ div ‘ 2
−}

screen1W , screen1H , screen2W , screen2H : : Int
20

screen1W = 1920
screen1H = 1080

screen2W = 1024
25 screen2H = 768

5 Database.hs

module Database (DB( ) , empty , i n s e r t , sortOn , toAscList , sp l i tAt , f romList ) where

import Prelude h id ing ( s p l i tA t )

5 import Data . L i s t ( insertBy , sortBy )
import q u a l i f i e d Data . L i s t as L ( sp l i tA t )
import Data . Ord ( comparing )

8
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data DB a = DB
10 { i n s e r t : : a −> DB a

, sortOn : : ( a −> Double ) −> DB a
, toAscL i s t : : [ a ]
, s p l i tA t : : Int −> (DB a , DB a )
}

15

empty : : DB a
empty = mkDB ( const 0) [ ]

i n s e r t : : a −> DB a −> DB a
20 i n s e r t = f l i p i n s e r t

sortOn : : ( a −> Double ) −> DB a −> DB a
sortOn = f l i p sortOn

25 toAscLi s t : : DB a −> [ a ]
toAscLi s t = toAscL i s t

s p l i tA t : : Int −> DB a −> (DB a , DB a )
sp l i tA t = f l i p s p l i tA t

30

f romList : : [ a ] −> DB a
fromList = f o l d r i n s e r t empty

−− i n v a r i a n t s
35 −− l i s t == L . sortBy ( comparing snd ) l i s t

−− a l l [ metr ic x == y | (x , y ) <− l i s t ]
mkDB : : ( a −> Double ) −> [ ( a , Double ) ] −> DB a
mkDB metr ic l i s t = DB

{ i n s e r t = \ item −> mkDB metr ic ( inse r tBy ( comparing snd ) ( item , metr ic ⤦
Ç item ) l i s t )

40 , sortOn = \metric ’ −> mkDB metric ’ ( sortBy ( comparing snd ) (map (\ ( x , ) ⤦
Ç −> (x , metric ’ x ) ) l i s t ) )

, t oAscL i s t = map f s t l i s t
, s p l i tA t = \n −> l e t ( lo , h i ) = L . s p l i tA t n l i s t in (mkDB metr ic lo , mkDB ⤦

Ç metr ic h i )
}

6 debug.c

#inc lude <s t d i o . h>
#inc lude <d l f c n . h>

i n t main ( i n t argc , char ∗∗ argv ) {
5 void ∗ dl = dlopen ( argv [ 1 ] , RTLDNOW) ;

const char ∗ code = dlsym ( dl , ” code ”) ;
p r i n t f (”%s \n” , code ) ;
r e turn 0 ;

}

7 deps.sh

#!/bin / sh
caba l sandbox i n i t
caba l i n s t a l l a l ex happy
caba l i n s t a l l gtk2hs −bu i l d t o o l s

9
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5 caba l i n s t a l l GLFW−b gtk MonadRandom OpenGLRaw stm syb syz Vector

8 encode.sh

#!/bin /bash
SESSION=”${1}”
i f [ ”x${SESSION}” = ”x” ]
then

5 e x i t
f i
time . / b i t b r e ed e r v i d e o −− record < ”${SESSION} . out” > /dev/ nu l l
FRAMES=”$ ( ( $ ( avprobe −v qu i e t −show streams − i ”${SESSION} . wav” −o f j son | grep⤦

Ç du ra t i on t s | sed ’ s | . ∗ : \ ( .∗\ ) , . ∗ | \ 1 | g ’ ) / 1920 ) ) ”
pushd ”${SESSION}”

10 PREVFRAME=”00000000.png”
f o r FRAME in $ ( seq ”$ ( ( FRAMES − 125 ) ) ”)
do

THISFRAME=”$ ( p r i n t f ”%08d” ”${FRAME}”) . png”
i f [ − f ”${THISFRAME}” ]

15 then
PREVFRAME=”${THISFRAME}”

e l s e
ln −s ”${PREVFRAME}” ”${THISFRAME}”

f i
20 done

f o r FRAME in $ ( seq ”$ ( ( FRAMES − 124 ) ) ” ”${FRAMES}”)
do

THISFRAME=”$ ( p r i n t f ”%08d” ”${FRAME}”) . png”
ln −s ”00000000. png” ”${THISFRAME}”

25 done
popd
avconv − i ”${SESSION}/%08d . png” − i ”${SESSION} . wav” − s h o r t e s t ”${SESSION} .mkv”

9 Evolve.hs

module Evolve ( crossBreed ) where

import Control .Monad ( repl icateM , forM )
import Control .Monad .Random (MonadRandom , getRandomR)

5

import Express ion
import Genet ics ( nodes , exchange )

mutateI : : ( App l i ca t i v e m, MonadRandom m) => E −> m E
10 mutateI X = return X

mutateI ( I i ) = do
k <− co in 0 .1
i f k

then do
15 j <− getRandomR (1 , 64)

re turn ( I j )
e l s e re turn ( I i )

mutateI (U u e ) = U u <$> mutateI e
mutateI (B b e f ) = B b <$> mutateI e <∗> mutateI f

20 mutateI (T e f g ) = T <$> mutateI e <∗> mutateI f <∗> mutateI g

co in : : ( Functor m, MonadRandom m) => Double −> m Bool

10
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co in p = (< p) <$> getRandomR (0 , 1)

25 t e rmina l : : ( Functor m, MonadRandom m) => m E
termina l = do

c <− co in 0 .5
i f c then return X e l s e I <$> getRandomR (1 , 64)

30 data F
= FU U
| FB B
| FT
de r i v i ng (Read , Show , Eq)

35

getRandomE : : ( Functor m, MonadRandom m, Enum e , Bounded e ) => m e
getRandomE = s e l f

where
s e l f = do

40 mi <− re turn minBound ‘ asTypeOf ‘ s e l f
ma <− re turn maxBound ‘ asTypeOf ‘ s e l f
toEnum <$> getRandomR (fromEnum mi , fromEnum ma)

func t i on : : ( Functor m, MonadRandom m) => m F
45 f unc t i on = do

c <− co in 0 .05
i f c then FU <$> getRandomE e l s e do

d <− co in 0 .05
i f d then return FT e l s e FB <$> getRandomE

50

grow : : ( App l i ca t i v e m, MonadRandom m) => Int −> m E
grow 0 = termina l
grow d = do

c <− co in 0 .25
55 i f c then te rmina l e l s e do

f <− f unc t i on
case f o f

FU u −> U u <$> grow (d − 1)
FB b −> B b <$> grow (d − 1) <∗> grow (d − 1)

60 FT −> T <$> grow (d − 1) <∗> grow (d − 1) <∗> grow (d − 1)

breed : : ( App l i ca t i v e m, MonadRandom m) => E −> E −> m [E]
breed e0 e1 = do

n0 <− getRandomR (0 , nodes e0 − 1)
65 n1 <− getRandomR (0 , nodes e1 − 1)

l e t ( f0 , f 1 ) = exchange e0 n0 e1 n1
return [ f0 , f 1 ]

c rossBreed : : ( App l i ca t i v e m, MonadRandom m) => [ [ E ] ] −> m [E]
70 crossBreed e s s = do

ws <− rep l i cateM 2 $ getRandomR (0 , l ength e s s − 1)
˜ [ e0 , e1 ] <− forM ws $ \w −> do

l e t es = take minPopCount ( e s s ! ! w)
i f l ength es < minPopCount then grow 5 e l s e do

75 n <− getRandomR (0 , minPopCount − 1)
mutateI ( es ! ! n )

e2 <− grow 5
( e2 : ) <$> breed e0 e1

11
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80 minPopCount : : Int
minPopCount = 64

10 Expression.hs

{−# LANGUAGE DeriveDataTypeable #−}
module Express ion where

import Data . Data (Data )
5 import Data . Typeable ( Typeable )

data E = X | I Int | U U E | B B E E | T E E E
de r i v i ng (Read , Show , Eq , Ord , Data , Typeable )

10 data U = Neg | LNot | BNot
de r i v i ng (Read , Show , Eq , Ord , Enum, Bounded , Data , Typeable )

data B = Add | Sub | Mul | Div | Mod | BAnd | LAnd | BOr | LOr | XOr | ShL | ShR⤦
Ç | Lt | Gt

de r i v i ng (Read , Show , Eq , Ord , Enum, Bounded , Data , Typeable )
15

count : : I n t eg e r −> I n t eg e r
count 0 = 0
count 1 = 65
count n = 3 ∗ count (n − 1) + sum [ 14 ∗ ( count l + count r ) | l <− [ 1 . . n − ⤦

Ç 2 ] , l e t r = n − 1 − l ]

11 expr.frag

#ver s i on 400 compa t i b i l i t y

uniform sampler2D glyphs ;
uniform sampler2DRect exp r e s s i on ;

5

const f l o a t y f = 4 . 0 / 6 . 0 ;
const f l o a t y lo = 1 . 0 / 6 . 0 ;
const f l o a t yhi = 5 . 0 / 6 . 0 ;

10 f l o a t myTextureQueryLod ( sampler2D tex , vec2 tc ) {
re turn textureQueryLod ( tex , tc ) . y ;
// re turn max( 0 . 0 , 10 .0 + log2 (max( l ength (dFdx( tc ) ) , l ength (dFdy( tc ) ) ) ) ) ;

}

15 void main ( ) {
vec2 tc = gl TexCoord [ 0 ] . xy ∗ vec2 (0 . 125 , 0 .25 ∗ yf ) ;
f l o a t lod = myTextureQueryLod ( glyphs , tc ) ;
vec2 gc = f l o o r ( gl TexCoord [ 0 ] . xy ∗ vec2 ( 1 . 0 , y f ) ) ;
vec3 glyph = texture2DRect ( expres s i on , gc ) . xyz ;

20 vec2 glyphCoord = glyph . xy ;
vec2 subCoord = f r a c t ( gl TexCoord [ 0 ] . xy ∗ vec2 ( 1 . 0 , y f ) ) ;
i f ( subCoord . y < y lo ) {

glyphCoord = vec2 (0 . 125 , 0 . 75 ) ;
} e l s e i f ( yhi < subCoord . y ) {

25 glyphCoord = vec2 (0 . 125 , 0 . 75 ) ;
subCoord . y += ylo − yhi ;

}
subCoord . y −= ylo ;

12
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subCoord ∗= vec2 (0 . 125 , 0 .25 / y f ) ;
30 vec3 glyphRGB = textureLod ( glyphs , glyphCoord + subCoord , lod ) . xyz ;

g l FragCo lor = vec4 (glyphRGB , 1 . 0 ) ;
}

12 extra/bitbreeder.cabal

name : b i tb r e ede r
ve r s i on : 0 . 1 . 0 . 0
synops i s : evo lve no i sy a r i thmet i c exp r e s s i on s
−− d e s c r i p t i o n :

5 homepage : http :// code . mathr . co . uk/ b i tb r e ede r
l i c e n s e : GPL−3
l i c e n s e − f i l e : LICENSE
author : Claude Heiland −Allen
mainta iner : claude@mathr . co . uk

10 category : Sound
bui ld −type : Simple
cabal −ve r s i on : >=1.8

executab l e b i tb r e ede r
15 main− i s :

b i t b r e ede r . hs
other −modules :

Compile
Database

20 Evolve
Express ion
Genet ics
Metric
Populat ion

25 bui ld −depends :
base < 5 ,
MonadRandom ,
gtk ,
process ,

30 stm ,
syb ,
syz ,
time ,
vec to r

35

executab l e b i t b r e ed e r v i d e o
main− i s :

b i t b r e ed e r v i d e o . hs
other −modules :

40 Express ion
Video

bui ld −depends :
base < 5 ,
ca i ro ,

45 gtk ,
g tkg l ext ,
OpenGLRaw

−−executab l e b i t b r e ed e r j udg e
50 −− c− s ou r c e s :

13
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−− judge . c
−− extra − l i b r a r i e s :
−− m, dl , f f tw3 f

55 −−executab l e b i tb r e ed e r aud i o
−− c− s ou r c e s :
−− l i v e . c
−− extra − l i b r a r i e s :
−− m, dl , jack

13 extra/LICENSE

GNU GENERAL PUBLIC LICENSE
Vers ion 3 , 29 June 2007

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

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

Preamble

10 The GNU General Publ ic L i cense i s a f r e e , c opy l e f t l i c e n s e f o r
so f tware and other k inds o f works .

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

15 the GNU General Publ ic L i cense i s intended to guarantee your freedom to
share and change a l l v e r s i on s o f a program−−to make sure i t remains f r e e
so f tware f o r a l l i t s u s e r s . We, the Free Software Foundation , use the
GNU General Publ ic L i cense f o r most o f our so f tware ; i t a pp l i e s a l s o to
any other work r e l e a s e d t h i s way by i t s authors . You can apply i t to

20 your programs , too .

When we speak o f f r e e so ftware , we are r e f e r r i n g to freedom , not
p r i c e . Our General Publ ic L i c en s e s are des igned to make sure that you
have the freedom to d i s t r i b u t e cop i e s o f f r e e so f tware ( and charge f o r

25 them i f you wish ) , that you r e c e i v e source code or can get i t i f you
want i t , that you can change the so f tware or use p i e c e s o f i t in new
f r e e programs , and that you know you can do these th ing s .

To pro t e c t your r i gh t s , we need to prevent o the r s from denying you
30 the se r i g h t s or ask ing you to sur render the r i g h t s . Therefore , you have

c e r t a i n r e s p o n s i b i l i t i e s i f you d i s t r i b u t e cop i e s o f the so ftware , or i f
you modify i t : r e s p o n s i b i l i t i e s to r e sp e c t the freedom of o the r s .

For example , i f you d i s t r i b u t e cop i e s o f such a program , whether
35 g r a t i s or f o r a fee , you must pass on to the r e c i p i e n t s the same

freedoms that you r e c e i v ed . You must make sure that they , too , r e c e i v e
or can get the source code . And you must show them these terms so they
know th e i r r i g h t s .

40 Developers that use the GNU GPL pro t e c t your r i g h t s with two s t ep s :
(1 ) a s s e r t copyr ight on the software , and (2 ) o f f e r you t h i s L i cense
g i v i ng you l e g a l permis s ion to copy , d i s t r i b u t e and/ or modify i t .

For the deve lopers ’ and authors ’ p ro tec t i on , the GPL c l e a r l y exp l a i n s
45 that the re i s no warranty f o r t h i s f r e e so f tware . For both users ’ and

14
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authors ’ sake , the GPL r e qu i r e s that modi f i ed v e r s i on s be marked as
changed , so that t h e i r problems w i l l not be a t t r i bu t ed e r roneous ly to
authors o f prev ious v e r s i on s .

50 Some dev i c e s are des igned to deny us e r s a c c e s s to i n s t a l l or run
modi f i ed v e r s i on s o f the so f tware i n s i d e them , although the manufacturer
can do so . This i s fundamental ly incompat ib l e with the aim o f
p ro t e c t i ng users ’ freedom to change the so f tware . The sys temat i c
pattern o f such abuse occurs in the area o f products f o r i n d i v i d u a l s to

55 use , which i s p r e c i s e l y where i t i s most unacceptable . Therefore , we
have des igned t h i s v e r s i on o f the GPL to p roh i b i t the p r a c t i c e f o r those
products . I f such problems a r i s e s u b s t a n t i a l l y in other domains , we
stand ready to extend t h i s p r ov i s i on to those domains in fu tu r e v e r s i on s
o f the GPL, as needed to p ro t e c t the freedom of u s e r s .

60

Fina l ly , every program i s threatened cons tant ly by so f tware patents .
S ta t e s should not a l low patents to r e s t r i c t development and use o f
so f tware on genera l −purpose computers , but in those that do , we wish to
avoid the s p e c i a l danger that patents app l i ed to a f r e e program could

65 make i t e f f e c t i v e l y p rop r i e t a ry . To prevent th i s , the GPL as su r e s that
patents cannot be used to render the program non− f r e e .

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

70

TERMS AND CONDITIONS

0 . De f i n i t i o n s .

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

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

80 ”The Program” r e f e r s to any copyr i gh tab l e work l i c e n s e d under t h i s
L i cense . Each l i c e n s e e i s addressed as ”you ” . ” L i c en s e e s ” and
” r e c i p i e n t s ” may be i nd i v i d u a l s or o r gan i z a t i on s .

To ”modify” a work means to copy from or adapt a l l or part o f the work
85 in a f a sh i on r e qu i r i n g copyr ight permiss ion , other than the making o f an

exact copy . The r e s u l t i n g work i s c a l l e d a ”modi f i ed ve r s i on ” o f the
e a r l i e r work or a work ”based on” the e a r l i e r work .

A ” covered work” means e i t h e r the unmodif ied Program or a work based
90 on the Program .

To ”propagate ” a work means to do anything with i t that , without
permiss ion , would make you d i r e c t l y or s e c onda r i l y l i a b l e f o r
in f r ingement under app l i c ab l e copyr ight law , except execut ing i t on a

95 computer or modifying a p r i va t e copy . Propagation i n c l ud e s copying ,
d i s t r i b u t i o n ( with or without mod i f i c a t i on ) , making a v a i l a b l e to the
publ ic , and in some coun t r i e s other a c t i v i t i e s as we l l .

To ”convey” a work means any kind o f propagat ion that enab l e s other
100 pa r t i e s to make or r e c e i v e cop i e s . Mere i n t e r a c t i o n with a user through

a computer network , with no t r a n s f e r o f a copy , i s not conveying .

15
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An i n t e r a c t i v e user i n t e r f a c e d i s p l a y s ”Appropriate Legal Not i ce s ”
to the extent that i t i n c l ud e s a convenient and prominently v i s i b l e

105 f e a t u r e that (1 ) d i s p l a y s an appropr ia t e copyr ight not i ce , and (2 )
t e l l s the user that the re i s no warranty f o r the work ( except to the
extent that war rant i e s are provided ) , that l i c e n s e e s may convey the
work under t h i s License , and how to view a copy o f t h i s L i cense . I f
the i n t e r f a c e p r e s en t s a l i s t o f user commands or opt ions , such as a

110 menu , a prominent item in the l i s t meets t h i s c r i t e r i o n .

1 . Source Code .

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

form o f a work .

A ”Standard I n t e r f a c e ” means an i n t e r f a c e that e i t h e r i s an o f f i c i a l
standard de f ined by a recogn i z ed standards body , or , in the case o f

120 i n t e r f a c e s s p e c i f i e d f o r a p a r t i c u l a r programming language , one that
i s wide ly used among deve l ope r s working in that language .

The ”System L i b r a r i e s ” o f an executab l e work inc lude anything , other
than the work as a whole , that ( a ) i s inc luded in the normal form o f

125 packaging a Major Component , but which i s not part o f that Major
Component , and (b) s e r v e s only to enable use o f the work with that
Major Component , or to implement a Standard I n t e r f a c e f o r which an
implementation i s a v a i l a b l e to the pub l i c in source code form . A
”Major Component” , in t h i s context , means a major e s s e n t i a l component

130 ( kerne l , window system , and so on ) o f the s p e c i f i c opera t ing system
( i f any ) on which the executab l e work runs , or a compi le r used to
produce the work , or an ob j e c t code i n t e r p r e t e r used to run i t .

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

work ) run the ob j e c t code and to modify the work , i n c l ud ing s c r i p t s to
c on t r o l those a c t i v i t i e s . However , i t does not in c lude the work ’ s
System L ib ra r i e s , or genera l −purpose t o o l s or g en e r a l l y a v a i l a b l e f r e e
programs which are used unmodif ied in per forming those a c t i v i t i e s but

140 which are not part o f the work . For example , Corresponding Source
i n c l ud e s i n t e r f a c e d e f i n i t i o n f i l e s a s s o c i a t ed with source f i l e s f o r
the work , and the source code f o r shared l i b r a r i e s and dynamical ly
l i nked subprograms that the work i s s p e c i f i c a l l y des igned to requ i r e ,
such as by int imate data communication or c on t r o l f low between those

145 subprograms and other par t s o f the work .

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

150

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

2 . Bas ic Permiss ions .
155

Al l r i g h t s granted under t h i s L i cense are granted f o r the term o f
copyr ight on the Program , and are i r r e v o c ab l e provided the s ta t ed
cond i t i on s are met . This L i cense e x p l i c i t l y a f f i rm s your un l imited
permis s ion to run the unmodif ied Program . The output from running a

16
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160 covered work i s covered by t h i s L i cense only i f the output , g iven i t s
content , c o n s t i t u t e s a covered work . This L i cense acknowledges your
r i g h t s o f f a i r use or other equ iva l ent , as provided by copyr ight law .

You may make , run and propagate covered works that you do not
165 convey , without cond i t i on s so long as your l i c e n s e otherwi se remains

in f o r c e . You may convey covered works to o the r s f o r the s o l e purpose
o f having them make mod i f i c a t i on s e x c l u s i v e l y f o r you , or prov ide you
with f a c i l i t i e s f o r running those works , provided that you comply with
the terms o f t h i s L i cense in conveying a l l mate r i a l f o r which you do

170 not c on t r o l copyr ight . Those thus making or running the covered works
f o r you must do so e x c l u s i v e l y on your beha l f , under your d i r e c t i o n
and contro l , on terms that p r oh i b i t them from making any cop i e s o f
your copyr ighted mate r i a l ou t s id e t h e i r r e l a t i o n s h i p with you .

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

3 . Pro tec t ing Users ’ Legal Rights From Anti−Circumvention Law .
180

No covered work s h a l l be deemed part o f an e f f e c t i v e t e c hno l o g i c a l
measure under any app l i c ab l e law f u l f i l l i n g o b l i g a t i o n s under a r t i c l e
11 o f the WIPO copyr ight t r ea ty adopted on 20 December 1996 , or
s im i l a r laws p r oh i b i t i n g or r e s t r i c t i n g c ircumvent ion o f such

185 measures .

When you convey a covered work , you waive any l e g a l power to f o rb i d
c i rcumvent ion o f t e c hno l o g i c a l measures to the extent such c ircumvent ion
i s e f f e c t e d by e x e r c i s i n g r i g h t s under t h i s L i cense with r e sp e c t to

190 the covered work , and you d i s c l a im any i n t en t i on to l im i t opera t i on or
mod i f i c a t i on o f the work as a means o f en fo rc ing , aga in s t the work ’ s
users , your or th i rd pa r t i e s ’ l e g a l r i g h t s to f o rb i d c i rcumvent ion o f
t e c hno l o g i c a l measures .

195 4 . Conveying Verbatim Copies .

You may convey verbatim cop i e s o f the Program ’ s source code as you
r e c e i v e i t , in any medium , provided that you consp i cuous ly and
approp r i a t e l y pub l i sh on each copy an appropr ia t e copyr ight no t i c e ;

200 keep i n t a c t a l l n o t i c e s s t a t i n g that t h i s L i cense and any
non−permi s s i v e terms added in accord with s e c t i o n 7 apply to the code ;
keep i n t a c t a l l n o t i c e s o f the absence o f any warranty ; and g ive a l l
r e c i p i e n t s a copy o f t h i s L i cense along with the Program .

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

5 . Conveying Modif ied Source Vers ions .

210 You may convey a work based on the Program , or the mod i f i c a t i on s to
produce i t from the Program , in the form o f source code under the
terms o f s e c t i o n 4 , provided that you a l s o meet a l l o f the se c ond i t i on s :

a ) The work must car ry prominent no t i c e s s t a t i n g that you modi f i ed
215 i t , and g iv ing a r e l e van t date .
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b) The work must car ry prominent no t i c e s s t a t i n g that i t i s
r e l e a s e d under t h i s L i cense and any cond i t i on s added under s e c t i o n
7 . This requirement mod i f i e s the requirement in s e c t i o n 4 to

220 ”keep i n t a c t a l l n o t i c e s ” .

c ) You must l i c e n s e the e n t i r e work , as a whole , under t h i s
L i cense to anyone who comes in to po s s e s s i on o f a copy . This
L i cense w i l l t h e r e f o r e apply , a long with any app l i c ab l e s e c t i o n 7

225 add i t i o na l terms , to the whole o f the work , and a l l i t s parts ,
r e g a r d l e s s o f how they are packaged . This L i cense g i v e s no
permis s ion to l i c e n s e the work in any other way , but i t does not
i n v a l i d a t e such permis s ion i f you have s epa r a t e l y r e c e i v ed i t .

230 d) I f the work has i n t e r a c t i v e user i n t e r f a c e s , each must d i sp l ay
Appropriate Legal Not i ce s ; however , i f the Program has i n t e r a c t i v e
i n t e r f a c e s that do not d i sp l ay Appropriate Legal Not ices , your
work need not make them do so .

235 A compi la t ion o f a covered work with other s epara t e and independent
works , which are not by t h e i r nature ex t en s i on s o f the covered work ,
and which are not combined with i t such as to form a l a r g e r program ,
in or on a volume o f a s to rage or d i s t r i b u t i o n medium , i s c a l l e d an
” aggregate ” i f the compi la t ion and i t s r e s u l t i n g copyr ight are not

240 used to l im i t the a c c e s s or l e g a l r i g h t s o f the compi lat ion ’ s u s e r s
beyond what the i nd i v i dua l works permit . I n c l u s i o n o f a covered work
in an aggregate does not cause t h i s L i cense to apply to the other
par t s o f the aggregate .

245 6 . Conveying Non−Source Forms .

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

250 in one o f the se ways :

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

255 cus tomar i ly used f o r so f tware in te rchange .

b) Convey the ob j e c t code in , or embodied in , a phy s i c a l product
( i n c l ud ing a phy s i c a l d i s t r i b u t i o n medium) , accompanied by a
wr i t t en o f f e r , v a l i d f o r at l e a s t three years and va l i d f o r as

260 long as you o f f e r spare par t s or customer support f o r that product
model , to g ive anyone who po s s e s s e s the ob j e c t code e i t h e r (1 ) a
copy o f the Corresponding Source f o r a l l the so f tware in the
product that i s covered by t h i s License , on a durable phy s i c a l
medium customar i ly used f o r so f tware interchange , f o r a p r i c e no

265 more than your rea sonab l e co s t o f phy s i c a l l y per forming t h i s
conveying o f source , or (2 ) a c c e s s to copy the
Corresponding Source from a network s e r v e r at no charge .

c ) Convey i nd i v i dua l c op i e s o f the ob j e c t code with a copy o f the
270 wr i t t en o f f e r to prov ide the Corresponding Source . This

a l t e r n a t i v e i s a l lowed only o c c a s i o n a l l y and noncommercial ly , and
only i f you r e c e i v ed the ob j e c t code with such an o f f e r , in accord
with subs e c t i on 6b .
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275 d) Convey the ob j e c t code by o f f e r i n g ac c e s s from a des ignated
p lace ( g r a t i s or f o r a charge ) , and o f f e r equ iva l en t a c c e s s to the
Corresponding Source in the same way through the same p lace at no
f u r t h e r charge . You need not r e qu i r e r e c i p i e n t s to copy the
Corresponding Source along with the ob j e c t code . I f the p lace to

280 copy the ob j e c t code i s a network se rver , the Corresponding Source
may be on a d i f f e r e n t s e r v e r ( operated by you or a th i rd party )
that supports equ iva l en t copying f a c i l i t i e s , provided you maintain
c l e a r d i r e c t i o n s next to the ob j e c t code say ing where to f i nd the
Corresponding Source . Regard le s s o f what s e r v e r hos t s the

285 Corresponding Source , you remain ob l i g a t ed to ensure that i t i s
a v a i l a b l e f o r as long as needed to s a t i s f y these requ i rements .

e ) Convey the ob j e c t code us ing peer −to−peer t ransmis s ion , provided
you inform other pee r s where the ob j e c t code and Corresponding

290 Source o f the work are being o f f e r e d to the gene ra l pub l i c at no
charge under subse c t i on 6d .

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

295 i nc luded in conveying the ob j e c t code work .

A ”User Product” i s e i t h e r (1 ) a ”consumer product ” , which means any
t ang i b l e pe r sona l property which i s normally used f o r persona l , fami ly ,
or household purposes , or (2 ) anything des igned or so ld f o r i n co rpo ra t i on

300 i n to a dwe l l i ng . In determining whether a product i s a consumer product ,
doubt fu l c a s e s s h a l l be r e s o l v ed in favor o f coverage . For a p a r t i c u l a r
product r e c e i v ed by a p a r t i c u l a r user , ” normally used” r e f e r s to a
t yp i c a l or common use o f that c l a s s o f product , r e g a r d l e s s o f the s t a tu s
o f the p a r t i c u l a r user or o f the way in which the p a r t i c u l a r user

305 a c tua l l y uses , or expect s or i s expected to use , the product . A product
i s a consumer product r e g a r d l e s s o f whether the product has s ub s t an t i a l
commercial , i n d u s t r i a l or non−consumer uses , un l e s s such uses r ep r e s en t
the only s i g n i f i c a n t mode o f use o f the product .

310 ” I n s t a l l a t i o n In format ion ” f o r a User Product means any methods ,
procedures , au tho r i z a t i on keys , or other in fo rmat ion r equ i r ed to i n s t a l l
and execute modi f i ed v e r s i on s o f a covered work in that User Product from
a modi f i ed ve r s i on o f i t s Corresponding Source . The in fo rmat ion must
s u f f i c e to ensure that the cont inued func t i on ing o f the modi f i ed ob j e c t

315 code i s in no case prevented or i n t e r f e r e d with s o l e l y because
mod i f i c a t i on has been made .

I f you convey an ob j e c t code work under t h i s s e c t i o n in , or with , or
s p e c i f i c a l l y f o r use in , a User Product , and the conveying occurs as

320 part o f a t r an sa c t i on in which the r i g h t o f po s s e s s i on and use o f the
User Product i s t r a n s f e r r e d to the r e c i p i e n t in pe rpe tu i ty or f o r a
f i x ed term ( r e g a r d l e s s o f how the t r an sa c t i on i s cha r a c t e r i z ed ) , the
Corresponding Source conveyed under t h i s s e c t i o n must be accompanied
by the I n s t a l l a t i o n In format ion . But t h i s requirement does not apply

325 i f n e i t h e r you nor any th i rd party r e t a i n s the a b i l i t y to i n s t a l l
modi f i ed ob j e c t code on the User Product ( f o r example , the work has
been i n s t a l l e d in ROM) .

The requirement to prov ide I n s t a l l a t i o n In format ion does not in c lude a
330 requirement to cont inue to prov ide support s e r v i c e , warranty , or updates
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f o r a work that has been modi f i ed or i n s t a l l e d by the r e c i p i e n t , or f o r
the User Product in which i t has been modi f i ed or i n s t a l l e d . Access to a
network may be denied when the mod i f i c a t i on i t s e l f ma t e r i a l l y and
adve r s e l y a f f e c t s the opera t i on o f the network or v i o l a t e s the r u l e s and

335 p ro t o c o l s f o r communication ac ro s s the network .

Corresponding Source conveyed , and I n s t a l l a t i o n In format ion provided ,
in accord with t h i s s e c t i o n must be in a format that i s pub l i c l y
documented ( and with an implementation a v a i l a b l e to the pub l i c in

340 source code form ) , and must r e qu i r e no s p e c i a l password or key f o r
unpacking , read ing or copying .

7 . Addi t iona l Terms .

345 ”Addi t iona l pe rmi s s i ons ” are terms that supplement the terms o f t h i s
L i cense by making except i ons from one or more o f i t s c ond i t i on s .
Addi t iona l pe rmi s s i ons that are app l i c ab l e to the e n t i r e Program s h a l l
be t r ea t ed as though they were inc luded in t h i s License , to the extent
that they are va l i d under app l i c ab l e law . I f add i t i o na l pe rmi s s i ons

350 apply only to part o f the Program , that part may be used s epa r a t e l y
under those permiss ions , but the e n t i r e Program remains governed by
t h i s L i cense without regard to the add i t i o na l pe rmi s s i ons .

When you convey a copy o f a covered work , you may at your opt ion
355 remove any add i t i o na l pe rmi s s i ons from that copy , or from any part o f

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

360

Notwithstanding any other p r ov i s i on o f t h i s License , f o r mate r i a l you
add to a covered work , you may ( i f author i zed by the copyr ight ho lde r s o f
that mate r i a l ) supplement the terms o f t h i s L i cense with terms :

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

b) Requir ing p r e s e r va t i on o f s p e c i f i e d rea sonab l e l e g a l n o t i c e s or
author a t t r i b u t i o n s in that mate r i a l or in the Appropriate Legal

370 Not ice s d i sp l ayed by works conta in ing i t ; or

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

375

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

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

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

385 any l i a b i l i t y that these con t r a c tua l assumptions d i r e c t l y impose on
those l i c e n s o r s and authors .
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Al l other non−permi s s i v e add i t i ona l terms are cons ide r ed ” f u r t h e r
r e s t r i c t i o n s ” with in the meaning o f s e c t i o n 10 . I f the Program as you

390 r e c e i v ed i t , or any part o f i t , conta in s a no t i c e s t a t i n g that i t i s
governed by t h i s L i cense along with a term that i s a f u r t h e r
r e s t r i c t i o n , you may remove that term . I f a l i c e n s e document conta in s
a f u r t h e r r e s t r i c t i o n but permits r e l i c e n s i n g or conveying under t h i s
License , you may add to a covered work mate r i a l governed by the terms

395 o f that l i c e n s e document , provided that the f u r t h e r r e s t r i c t i o n does
not su rv iv e such r e l i c e n s i n g or conveying .

I f you add terms to a covered work in accord with t h i s s e c t i on , you
must place , in the r e l e van t source f i l e s , a statement o f the

400 add i t i o na l terms that apply to those f i l e s , or a no t i c e i nd i c a t i n g
where to f i nd the app l i c ab l e terms .

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

405 the above requ i rements apply e i t h e r way .

8 . Termination .

You may not propagate or modify a covered work except as exp r e s s l y
410 provided under t h i s L i cense . Any attempt otherwi se to propagate or

modify i t i s void , and w i l l automat i ca l l y terminate your r i g h t s under
t h i s L i cense ( i n c l ud ing any patent l i c e n s e s granted under the th i rd
paragraph o f s e c t i o n 11) .

415 However , i f you cease a l l v i o l a t i o n o f t h i s License , then your
l i c e n s e from a pa r t i c u l a r copyr ight ho lder i s r e i n s t a t e d ( a )
p r ov i s i o n a l l y , un l e s s and un t i l the copyr ight ho lder e x p l i c i t l y and
f i n a l l y te rminates your l i c e n s e , and (b) permanently , i f the copyr ight
ho lder f a i l s to no t i f y you o f the v i o l a t i o n by some reasonab l e means

420 p r i o r to 60 days a f t e r the c e s s a t i o n .

Moreover , your l i c e n s e from a pa r t i c u l a r copyr ight ho lder i s
r e i n s t a t e d permanently i f the copyr ight ho lder n o t i f i e s you o f the
v i o l a t i o n by some reasonab l e means , t h i s i s the f i r s t time you have

425 r e c e i v ed no t i c e o f v i o l a t i o n o f t h i s L i cense ( f o r any work ) from that
copyr ight holder , and you cure the v i o l a t i o n p r i o r to 30 days a f t e r
your r e c e i p t o f the no t i c e .

Termination o f your r i g h t s under t h i s s e c t i o n does not terminate the
430 l i c e n s e s o f p a r t i e s who have r e c e i v ed cop i e s or r i g h t s from you under

t h i s L i cense . I f your r i g h t s have been terminated and not permanently
r e i n s t a t ed , you do not qu a l i f y to r e c e i v e new l i c e n s e s f o r the same
mate r i a l under s e c t i o n 10 .

435 9 . Acceptance Not Required f o r Having Copies .

You are not r equ i r ed to accept t h i s L i cense in order to r e c e i v e or
run a copy o f the Program . Anc i l l a r y propagat ion o f a covered work
occur r ing s o l e l y as a consequence o f us ing peer −to−peer t ransmi s s i on

440 to r e c e i v e a copy l i k ew i s e does not r e qu i r e acceptance . However ,
nothing other than t h i s L i cense grants you permis s ion to propagate or
modify any covered work . These a c t i on s i n f r i n g e copyr ight i f you do
not accept t h i s L i cense . Therefore , by modifying or propagat ing a
covered work , you i nd i c a t e your acceptance o f t h i s L i cense to do so .
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445

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

Each time you convey a covered work , the r e c i p i e n t automat i ca l l y
r e c e i v e s a l i c e n s e from the o r i g i n a l l i c e n s o r s , to run , modify and

450 propagate that work , sub j e c t to t h i s L i cense . You are not r e s p on s i b l e
f o r en f o r c i ng compliance by th i rd p a r t i e s with t h i s L i cense .

An ” en t i t y t r an sa c t i on ” i s a t r an sa c t i on t r a n s f e r r i n g con t r o l o f an
organ i za t i on , or s u b s t a n t i a l l y a l l a s s e t s o f one , or subd iv id ing an

455 organ i za t i on , or merging o r gan i z a t i on s . I f propagat ion o f a covered
work r e s u l t s from an en t i t y t ransac t i on , each party to that
t r an sa c t i on who r e c e i v e s a copy o f the work a l s o r e c e i v e s whatever
l i c e n s e s to the work the party ’ s p r edec e s s o r in i n t e r e s t had or could
g ive under the prev ious paragraph , p lus a r i g h t to po s s e s s i on o f the

460 Corresponding Source o f the work from the pr edec e s so r in i n t e r e s t , i f
the p r edec e s s o r has i t or can get i t with rea sonab l e e f f o r t s .

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

465 not impose a l i c e n s e fee , roya l ty , or other charge f o r e x e r c i s e o f
r i g h t s granted under t h i s License , and you may not i n i t i a t e l i t i g a t i o n
( i n c l ud ing a cros s −c la im or counterc la im in a l awsu i t ) a l l e g i n g that
any patent c la im i s i n f r i n g e d by making , using , s e l l i n g , o f f e r i n g f o r
sa l e , or import ing the Program or any por t i on o f i t .

470

11 . Patents .

A ” con t r i bu to r ” i s a copyr ight ho lder who au tho r i z e s use under t h i s
L i cense o f the Program or a work on which the Program i s based . The

475 work thus l i c e n s e d i s c a l l e d the contr ibutor ’ s ” con t r i bu to r v e r s i on ” .

A contr ibutor ’ s ” e s s e n t i a l patent c la ims ” are a l l patent c la ims
owned or c on t r o l l e d by the cont r ibutor , whether a l r eady acqu i red or
h e r e a f t e r acquired , that would be i n f r i n g e d by some manner , permitted

480 by t h i s License , o f making , using , or s e l l i n g i t s con t r i bu to r ver s ion ,
but do not in c lude c la ims that would be i n f r i n g e d only as a
consequence o f f u r t h e r mod i f i c a t i on o f the con t r i bu to r ve r s i on . For
purposes o f t h i s d e f i n i t i o n , ” c on t r o l ” i n c l ud e s the r i g h t to grant
patent s ub l i c e n s e s in a manner c on s i s t e n t with the requi rements o f

485 t h i s L i cense .

Each con t r i bu to r grants you a non− exc lu s i v e , worldwide , roya l ty − f r e e
patent l i c e n s e under the cont r ibutor ’ s e s s e n t i a l patent c la ims , to
make , use , s e l l , o f f e r f o r sa l e , import and otherw i s e run , modify and

490 propagate the contents o f i t s c on t r i bu to r ve r s i on .

In the f o l l ow i n g three paragraphs , a ” patent l i c e n s e ” i s any expre s s
agreement or commitment , however denominated , not to en f o r c e a patent
( such as an expre s s permis s ion to p r a c t i c e a patent or covenant not to

495 sue f o r patent in f r ingement ) . To ” grant ” such a patent l i c e n s e to a
party means to make such an agreement or commitment not to en f o r c e a
patent aga in s t the party .

I f you convey a covered work , knowingly r e l y i n g on a patent l i c e n s e ,
500 and the Corresponding Source o f the work i s not a v a i l a b l e f o r anyone

to copy , f r e e o f charge and under the terms o f t h i s License , through a
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pub l i c l y a v a i l a b l e network s e r v e r or other r e a d i l y a c c e s s i b l e means ,
then you must e i t h e r (1 ) cause the Corresponding Source to be so
ava i l ab l e , or (2 ) arrange to depr ive y ou r s e l f o f the b en e f i t o f the

505 patent l i c e n s e f o r t h i s p a r t i c u l a r work , or (3 ) arrange , in a manner
c on s i s t e n t with the requi rements o f t h i s License , to extend the patent
l i c e n s e to downstream r e c i p i e n t s . ”Knowingly r e l y i n g ” means you have
ac tua l knowledge that , but f o r the patent l i c e n s e , your conveying the
covered work in a country , or your r e c i p i e n t ’ s use o f the covered work

510 in a country , would i n f r i n g e one or more i d e n t i f i a b l e patents in that
country that you have reason to b e l i e v e are va l i d .

I f , pursuant to or in connect ion with a s i n g l e t r an sa c t i on or
arrangement , you convey , or propagate by procur ing conveyance of , a

515 covered work , and grant a patent l i c e n s e to some o f the p a r t i e s
r e c e i v i n g the covered work autho r i z i ng them to use , propagate , modify
or convey a s p e c i f i c copy o f the covered work , then the patent l i c e n s e
you grant i s automat i ca l l y extended to a l l r e c i p i e n t s o f the covered
work and works based on i t .

520

A patent l i c e n s e i s ” d i s c r im ina to ry ” i f i t does not in c lude with in
the scope o f i t s coverage , p r oh i b i t s the e x e r c i s e of , or i s
cond i t i oned on the non− e x e r c i s e o f one or more o f the r i g h t s that are
s p e c i f i c a l l y granted under t h i s L i cense . You may not convey a covered

525 work i f you are a party to an arrangement with a th i rd party that i s
in the bus in e s s o f d i s t r i b u t i n g software , under which you make payment
to the th i rd party based on the extent o f your a c t i v i t y o f conveying
the work , and under which the th i rd party grants , to any o f the
p a r t i e s who would r e c e i v e the covered work from you , a d i s c r im ina to ry

530 patent l i c e n s e ( a ) in connect ion with cop i e s o f the covered work
conveyed by you ( or cop i e s made from those cop i e s ) , or (b) p r imar i l y
f o r and in connect ion with s p e c i f i c products or compi l a t i ons that
conta in the covered work , un l e s s you entered in to that arrangement ,
or that patent l i c e n s e was granted , p r i o r to 28 March 2007 .

535

Nothing in t h i s L i cense s h a l l be construed as exc lud ing or l im i t i n g
any impl i ed l i c e n s e or other de f en s e s to in f r ingement that may
otherwi s e be a v a i l a b l e to you under app l i c ab l e patent law .

540 12 . No Surrender o f Others ’ Freedom .

I f c ond i t i on s are imposed on you ( whether by court order , agreement or
otherwi s e ) that con t r ad i c t the cond i t i on s o f t h i s License , they do not
excuse you from the cond i t i on s o f t h i s L i cense . I f you cannot convey a

545 covered work so as to s a t i s f y s imul taneous ly your o b l i g a t i o n s under t h i s
L i cense and any other pe r t i n en t ob l i g a t i on s , then as a consequence you may
not convey i t at a l l . For example , i f you agree to terms that ob l i g a t e you
to c o l l e c t a roya l ty f o r f u r t h e r conveying from those to whom you convey
the Program , the only way you could s a t i s f y both those terms and t h i s

550 License would be to r e f r a i n e n t i r e l y from conveying the Program .

13 . Use with the GNU Af fe ro General Publ ic L i cense .

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

under ve r s i on 3 o f the GNU Af f e ro General Publ ic L i cense in to a s i n g l e
combined work , and to convey the r e s u l t i n g work . The terms o f t h i s
L i cense w i l l cont inue to apply to the part which i s the covered work ,
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but the s p e c i a l requ i rements o f the GNU Af fe ro General Publ ic License ,
560 s e c t i o n 13 , concern ing i n t e r a c t i o n through a network w i l l apply to the

combination as such .

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

565 The Free Software Foundation may pub l i sh r e v i s ed and/or new ve r s i on s o f
the GNU General Publ ic L i cense from time to time . Such new ve r s i on s w i l l
be s im i l a r in s p i r i t to the pre sent ver s ion , but may d i f f e r in d e t a i l to
address new problems or concerns .

570 Each ve r s i on i s g iven a d i s t i n g u i s h i n g ve r s i on number . I f the
Program s p e c i f i e s that a c e r t a i n numbered ve r s i on o f the GNU General
Publ ic L i cense ” or any l a t e r v e r s i on ” app l i e s to i t , you have the
opt ion o f f o l l ow i ng the terms and cond i t i on s e i t h e r o f that numbered
ve r s i on or o f any l a t e r v e r s i on publ i shed by the Free Software

575 Foundation . I f the Program does not s p e c i f y a ve r s i on number o f the
GNU General Publ ic License , you may choose any ve r s i on ever publ i shed
by the Free Software Foundation .

I f the Program s p e c i f i e s that a proxy can dec ide which fu tu r e
580 v e r s i on s o f the GNU General Publ ic L i cense can be used , that proxy ’ s

pub l i c statement o f acceptance o f a ve r s i on permanently au tho r i z e s you
to choose that ve r s i on f o r the Program .

Later l i c e n s e v e r s i on s may g ive you add i t i ona l or d i f f e r e n t
585 permi s s i ons . However , no add i t i o na l o b l i g a t i o n s are imposed on any

author or copyr ight ho lder as a r e s u l t o f your choos ing to f o l l ow a
l a t e r v e r s i on .

15 . D i sc la imer o f Warranty .
590

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT
HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM ”AS IS” WITHOUT WARRANTY
OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO,

595 THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM
IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF
ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

600 16 . L imi tat ion o f L i a b i l i t y .

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS
THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY

605 GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE
USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF
DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD
PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS) ,
EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF

610 SUCH DAMAGES.

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

I f the d i s c l a ime r o f warranty and l im i t a t i o n o f l i a b i l i t y provided
615 above cannot be g iven l o c a l l e g a l e f f e c t accord ing to t h e i r terms ,
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r ev i ewing cour t s s h a l l apply l o c a l law that most c l o s e l y approximates
an abso lu t e waiver o f a l l c i v i l l i a b i l i t y in connect ion with the
Program , un l e s s a warranty or assumption o f l i a b i l i t y accompanies a
copy o f the Program in return f o r a f e e .

620

END OF TERMS AND CONDITIONS

How to Apply These Terms to Your New Programs

625 I f you develop a new program , and you want i t to be o f the g r e a t e s t
p o s s i b l e use to the publ ic , the bes t way to ach ieve t h i s i s to make i t
f r e e so f tware which everyone can r e d i s t r i b u t e and change under these terms .

To do so , attach the f o l l ow i ng no t i c e s to the program . I t i s s a f e s t
630 to attach them to the s t a r t o f each source f i l e to most e f f e c t i v e l y

s t a t e the ex c l u s i on o f warranty ; and each f i l e should have at l e a s t
the ” copyr ight ” l i n e and a po in t e r to where the f u l l no t i c e i s found .

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

This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or

640 ( at your opt ion ) any l a t e r v e r s i on .

This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the

645 GNU General Publ ic L i cense f o r more d e t a i l s .

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

650 Also add in fo rmat ion on how to contact you by e l e c t r o n i c and paper mail .

I f the program does te rmina l i n t e r a c t i on , make i t output a shor t
no t i c e l i k e t h i s when i t s t a r t s in an i n t e r a c t i v e mode :

655 <program> Copyright (C) <year> <name o f author>
This program comes with ABSOLUTELY NO WARRANTY; f o r d e t a i l s type ‘ show w’ .
This i s f r e e so f tware , and you are welcome to r e d i s t r i b u t e i t
under c e r t a i n cond i t i on s ; type ‘ show c ’ f o r d e t a i l s .

660 The hypo the t i c a l commands ‘ show w’ and ‘ show c ’ should show the appropr ia t e
par t s o f the General Publ ic L i cense . Of course , your program ’ s commands
might be d i f f e r e n t ; f o r a GUI i n t e r f a c e , you would use an ”about box ” .

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

For more in fo rmat ion on th i s , and how to apply and f o l l ow the GNU GPL, see
<http ://www. gnu . org / l i c e n s e s />.

The GNU General Publ ic L i cense does not permit i n co rpo ra t i ng your program
670 i n to p rop r i e t a ry programs . I f your program i s a subrout ine l i b r a ry , you

may cons id e r i t more u s e f u l to permit l i n k i n g p rop r i e t a ry app l i c a t i o n s with
the l i b r a r y . I f t h i s i s what you want to do , use the GNU Lesse r General
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Publ ic L i cense in s t ead o f t h i s L i cense . But f i r s t , p l e a s e read
<http ://www. gnu . org / phi losophy /why−not− l g p l . html>.

14 extra/Setup.hs

import D i s t r i bu t i on . Simple
main = defaultMain

15 Genetics.hs

{−# LANGUAGE ScopedTypeVariables , F l e x i b l e I n s t anc e s , Rank2Types ,
Undec idable Instances , DeriveDataTypeable #−}

−− Based on :
5

−− Module : GenProg . GenExpr . Data
−− Copyright : ( c ) 2010 Jan Snajder
−− License : BSD−3 ( see the LICENSE f i l e )
−−

10 −− Maintainer : Jan Snajder <jan . sna jder@fe r . hr>
−− S t a b i l i t y : exper imenta l
−− Po r t ab i l i t y : non−por tab l e
−−

−− Implementation o f the @GenProg .GenExpr@ i n t e r f a c e f o r members o f
15 −− the ’Data ’ t yp e c l a s s . The implementation i s based on SYB and SYZ

−− g ene r i c programming frameworks ( s ee
−− <http :// hackage . h a s k e l l . org /package/syb> and
−− <http :// hackage . h a s k e l l . org /package/ syz> f o r d e t a i l s ) .
−−

20 −− NB: Subexpres s ions that are cand idate s f o r c r o s s ov e r po in t s or
−− mutation must be o f the same type as the expr e s s i on i t s e l f , and
−− must be reachab l e from the root node by type−pr e s e rv ing t r a v e r s a l .
−− See below f o r an example .
−−

25 −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

module Genet ics where

import Data . Gener ics
30 import Data . Gener ics . Zipper

import Data .Maybe
import Control .Monad

35 −− | This t yp e c l a s s d e f i n e s an i n t e r f a c e to exp r e s s i on s
−− that can be g e n e t i c a l l y programmed . The ope ra t i on s that must be
−− provided by i n s t an c e s o f t h i s c l a s s are used f o r the gene ra t i on
−− o f random ind i v i d u a l s as we l l as c r o s s ov e r and mutation ope ra t i on s .
−− (An in s t ance f o r members o f the @Data@ type c l a s s i s provided in

40 −− ”GenProg . GenExpr . Data ” . )
−−

−− Minimal complete d e f i n i t i o n : ’ exchange ’ , ’nodeMapM’ , ’nodeMapQ ’ ,
−− and ’ nodeIndices ’ .
c l a s s GenExpr e where

45 −− | Exchanges sub t r e e s o f two exp r e s s i on s :
−− @exchange e1 n1 e2 n2@ r ep l a c e s the subexpre s s i on o f @e1@ rooted in node
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−− @n1@ with the subexpre s s i on o f @e2@ rooted in @n2@, and v i c e ver sa .
exchange : : e −> Int −> e −> Int −> ( e , e )
−− | Maps a monadic t rans fo rmat ion func t i on over the immediate

50 −− ch i l d r en o f the g iven node .
nodeMapM : : Monad m => ( e −> m e ) −> e −> m e
−− | Maps a query func t i on over the immediate ch i l d r en o f the g iven
−− node and re tu rn s a l i s t o f r e s u l t s .
nodeMapQ : : ( e −> a ) −> e −> [ a ]

55 −− | A l i s t o f i n d i c e s o f i n t e r n a l ( f un c t i o n a l ) and ex t e rna l
−− ( t e rmina l ) nodes o f an exp r e s s i on .
nodeInd ice s : : e −> ( [ Int ] , [ Int ] )
−− | Adjusts a subexpre s s i on rooted at the g iven node by apply ing a
−− monadic t rans fo rmat ion func t i on .

60 adjustM : : (Monad m) => ( e −> m e ) −> e −> Int −> m e
−− | Number o f nodes an expr e s s i on has .
nodes : : e −> Int
−− | The depth o f an expr e s s i on . Equals 1 f o r s i n g l e −node exp r e s s i on s .
depth : : e −> Int

65

{−
−− | Defau l t method ( expens ive because i t c a l l s exchange twice ) .
adjustM f e n = rep l a c e e n ‘ l i f tM ‘ f ( get e n)

where get e n = f s t $ exchange e 0 e n
70 r ep l a c e e1 n1 e2 = f s t $ exchange e1 n1 e2 0

−}
nodes = (+1) . f o l d r (+) 0 . nodeMapQ nodes

depth = (+1) . f o l d r max 0 . nodeMapQ depth
75

i n s t ance (Data a ) => GenExpr a where

−− | Exchanges two expr e s s i on nodes . Works by us ing two gene r i c
80 −− z i ppe r s and exchanging t h e i r ho l e s .

exchange e1 n1 e2 n2 = ( fromZipper y1 , fromZipper y2 )
where z1 = typeMoveForUnsafe n1 $ toZipper e1

z2 = typeMoveForUnsafe n2 $ toZipper e2
( y1 , y2 ) = exchangeHoles z1 z2

85

−− | Adjust an expr e s s i on node . Works by apply ing a monadic
−− t ran format ion on a z ippe r ho le .
adjustM f e n = fromZipper ‘ l i f tM ‘ transM (mkM f ) z

where z = typeMoveForUnsafe n ( toZipper e )
90

nodeMapM f = gmapM (mkM f )

nodeMapQ q (x : : a ) = concat $ gmapQ ( [ ] ‘mkQ‘ (\ ( y : : a ) −> [ q y ] ) ) x

95 nodeInd ice s = index 0 [ ] [ ] . toZ ipper

−− Zipper moves

type Move a = Zipper a −> Maybe ( Zipper a )
100

backtrack : : ( Typeable a ) => Move a
backtrack z = do

z2 <− up z
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r i g h t z2 ‘mplus ‘ backtrack z2
105

repeatM : : (Monad m) => Int −> ( a −> m a) −> a −> m a
repeatM 0 x = return x
repeatM n f x = f x >>= repeatM (n − 1) f

110 −− Moves z ippe r to next node in DFS order , but does not move down the
−− z ippe r i f node s a t i s f i e s query ’q ’ .
nextDfsQ : : Typeable a => GenericQ Bool −> Move a
nextDfsQ q z = ( i f query q z then Nothing e l s e down ’ z )

‘mplus ‘ r i g h t z ‘mplus ‘ backtrack z
115

−− Moves the z ippe r to node ’n ’ from current po s i t i o n in DFS order ,
−− sk ipp ing nodes not s a t i s f y i n g query ’ q2 ’ and descending only down
−− the nodes s a t i s f y i n g query ’ q1 ’ .
moveForQ : : ( Typeable a ) => GenericQ Bool −> GenericQ Bool −> Int −> Move a

120 moveForQ 0 z = Just z
moveForQ q1 q2 n z = do

z2 <− nextDfsQ q1 z
moveForQ q1 q2 ( i f query q2 z2 then n − 1 e l s e n) z2

125 −− Moves the z ippe r to node ’n ’ from current po s i t i o n in DFS order ,
−− count ing only nodes o f type ’ a ’ , and not descending down the nodes
−− o f other type .
typeMoveFor : : ( Typeable a ) => Int −> Move a
typeMoveFor n ( z : : Zipper a ) =

130 moveForQ (True ‘mkQ‘ (\ ( : : a ) −> False ) ) ( Fa l se ‘mkQ‘ (\ ( : : a ) −> True ) ) n z

−− | Same as typeMoveFor , but throws an e r r o r i f node index i s out o f
−− bound .
typeMoveForUnsafe : : ( Typeable a ) => Int −> Zipper a −> Zipper a

135 typeMoveForUnsafe n z = fromMaybe
( e r r o r $ ”Genet ics . typeMoveForUnsafe : Nonex i s t ing node . ” )
( typeMoveFor n z )

−− | Exchanges two z ippe r ho l e s .
140 exchangeHoles : : (Data a ) => Zipper a −> Zipper a −> ( Zipper a , Zipper a )

exchangeHoles ( z1 : : Zipper a ) ( z2 : : Zipper a ) = (y1 , y2 )
where Just h1 = getHole z1 : : Maybe a

Just h2 = getHole z2 : : Maybe a
y1 = setHo le h2 z1

145 y2 = setHo le h1 z2

index : : (Data a ) => Int −> [ Int ] −> [ Int ] −> Zipper a −> ( [ Int ] , [ Int ] )
index i i s e s ( z : : Zipper a ) =

maybe ( i s2 , es2 ) ( index ( i + 1) i s 2 es2 ) ( typeMoveFor 1 z )
150 where Just h = getHole z : : Maybe a

( i s2 , es2 ) = i f terminalQ h then ( i s , i : e s ) e l s e ( i : i s , e s )

terminalQ : : (Data a ) => a −> Bool
terminalQ = nu l l . nodeMapQ id

155

{− $Example

Suppose you have a datatype de f ined as

160 @
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data E = A E E
| B Str ing [E ]
| C

de r i v i ng (Eq , Show , Typeable , Data )
165 @

and an expr e s s i on de f ined as

@
170 e = A (A C C) (B \”abc\” [C,C] )

@

The subexpre s s i on s o f a @e@ are cons ide r ed to be only the subva lues o f
@e@ that are o f the same type as @e@. Thus , the number o f nodes o f

175 exp r e s s i on @e@ i s

>>> nodes e
5

180 because subva lues o f node @B@ are o f d i f f e r e n t type than expr e s s i on
@e@ and th e r e f o r e not cons ide r ed as subexpre s s i on s .

Consequently , during a g ene t i c programming run , subexpre s s i on s that
are o f a d i f f e r e n t type than the expr e s s i on i t s e l f , or subexpre s s i on

185 that cannot be reached from the root node by a type−pre s e rv ing
t r av e r s a l , cannot be chosen as c r o s s ov e r po in t s nor can they be
mutated .

−}

16 .gitignore

∗ . h i
∗ . o
b i tb r e ede r
b i t b r e ed e r v i d e o

5 b i tb r e ede r aud i o
b i t b r e ed e r j udge
glyphs .ppm
glyphs . raw
a

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

15 d i s t −newsty le
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17 glyphs.png

18 go.c

#inc lude < l im i t s . h>

s t a t i c i n l i n e i n t s a f e d i v ( i n t a , i n t b) { i f ( ( b == 0) | | ( a == INT MIN && b ==⤦
Ç −1) ) { re turn 0 ; } e l s e { re turn a / b ; } }

s t a t i c i n l i n e i n t safe mod ( i n t a , i n t b) { i f ( ( b == 0) | | ( a == INT MIN && b ==⤦
Ç −1) ) { re turn 0 ; } e l s e { re turn a % b ; } }

5

const char code [ ] = CODE;
f l o a t F( i n t t ) { re turn ( ( (T)&255) −128) /256 .0 f ; }

typede f s t r u c t {
10 i n t t ;

i n t k ;
f l o a t a [ 4 ] ;
f l o a t dc ;

} S ;
15

f l o a t go (S ∗ s ) {
s−>k += 1 ;
i f ( s−>k == 6) {

s−>k = 0 ;
20 s−>t += 1 ;

s−>a [ 0 ] = s−>a [ 1 ] ;
s−>a [ 1 ] = s−>a [ 2 ] ;
s−>a [ 2 ] = s−>a [ 3 ] ;
s−>a [ 3 ] = F( s−>t ) ;

25 }
/∗
−− http :// 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
putStr . un l i n e s . map ( show . map (/2) ) $ [

[ −xˆ3 + 2∗xˆ2 − x
30 , 3 ∗ xˆ3 − 5 ∗ xˆ2 + 2

, −3 ∗ xˆ3 + 4 ∗ xˆ2 + x
, xˆ3 − xˆ2
] | i <− [ 0 . . 5 ] , l e t x = i / 6 ]

∗/
35 const f l o a t c [ 6 ] [ 4 ] =

{ { 0 . 0 , 1 . 0 , 0 . 0 , 0 . 0 }
, { −5.7870370370370364 e −2 ,0 .9375 ,0 .13194444444444442 , −1.1574074074074073 e−2}
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, { −7.407407407407407 e⤦
Ç −2 ,0 .7777777777777778 ,0 .3333333333333333 , −3.7037037037037035 e−2}

, { −6.25 e −2 ,0 .5625 ,0 .5625 , −6 .25 e−2}
40 , { −3.7037037037037035 e⤦

Ç −2 ,0 .33333333333333326 ,0 .7777777777777777 , −7.407407407407407 e−2}
, { −1.157407407407407 e −2 ,0 .13194444444444442 ,0 .9375 , −5.787037037037035 e−2}
} ;

f l o a t a = c [ s−>k ] [ 0 ] ∗ s−>a [ 0 ] + c [ s−>k ] [ 1 ] ∗ s−>a [ 1 ] + c [ s−>k ] [ 2 ] ∗ s−>a [ 2 ] +⤦
Ç c [ s−>k ] [ 3 ] ∗ s−>a [ 3 ] ;

s−>dc = s−>dc ∗ 0 .99 + 0.01 ∗ a ;
45 re turn a − s−>dc ;

}

19 gradient.ppm

20 judge.c

#de f i n e POSIX C SOURCE 1
#inc lude <s i g n a l . h>

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

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

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

#i f d e f JUDGE SOUNDFILE
#inc lude <s n d f i l e . h>
#e l s e

15 #inc lude <d l f c n . h>
#end i f

#inc lude <f f tw3 . h>
#de f i n e wi sdomf i l e ”/ run/shm/ b i tb r e ede r . f f tw ”

20

s t a t i c const double p i = 3.141592653589793 ;
s t a t i c const double s r = 8192 . 0 ;
#de f i n e b l o c k s i z e 2048
#de f i n e over lap 4

25 #de f i n e BINS ( b l o c k s i z e / 2 + 1)
#de f i n e PARAMS 6
#de f i n e LEVELS 11

#de f i n e N ( ( ( 1 << LEVELS) + over lap − 1) ∗ b l o c k s i z e / over lap )
30

s t r u c t audio {
i n t l ength ;
f l o a t ∗data ;

} ;
35

typede f f l o a t F t ( i n t ) ;
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s t r u c t audio ∗ audio ( const char ∗name) {
s t r u c t audio ∗a = c a l l o c (1 , s i z e o f (∗ a ) ) ;

40 a−>l ength = N;
a−>data = c a l l o c ( a−>l ength , s i z e o f (∗a−>data ) ) ;

#i f d e f JUDGE SOUNDFILE
SF INFO in f o ; memset(& in fo , 0 , s i z e o f ( i n f o ) ) ;
SNDFILE ∗ in = s f open (name , SFM READ, &in f o ) ;

45 s f r e a d f f l o a t ( in , a−>data , a−>l ength ) ;
s f c l o s e ( in ) ;

#e l s e
void ∗ dl = dlopen (name , RTLDNOW) ;
F t ∗cb ;

50 ∗( void ∗∗) (&cb ) = dlsym ( dl , ”F”) ;
f l o a t dc = cb (0) ;
f o r ( i n t t = 0 ; t < a−>l ength ; ++t ) {

f l o a t x = cb ( t ) ;
dc = dc ∗ 0 .99 + 0.01 ∗ x ;

55 a−>data [ t ] = x − dc ;
}
d l c l o s e ( d l ) ;

#end i f
r e turn a ;

60 }

s t r u c t frame {
f l o a t loudness ;
f l o a t spectrum [BINS ] ;

65 } ;

s t r u c t frames {
i n t cur rent ;
s t r u c t frame ∗ frame ;

70 } ;

s t r u c t frames ∗ frames ( s t r u c t audio ∗a ) {
s t r u c t frames ∗ f = c a l l o c (1 , s i z e o f (∗ f ) ) ;
f−>cur rent = 0 ;

75 f−>frame = c a l l o c (1 << LEVELS, s i z e o f (∗ f−>frame ) ) ;
f l o a t ∗ i bu f = f f t w f a l l o c r e a l ( b l o c k s i z e ) ;
f l o a t ∗obuf = f f t w f a l l o c r e a l ( b l o c k s i z e ) ;
f f tw f impor t w i sdom from f i l ename ( wi sdomf i l e ) ;
f f tw f p l a n plan = f f tw f p l a n r 2 r 1 d ( b l o ck s i z e , ibuf , obuf , FFTWR2HC, ⤦

Ç FFTWDESTROY INPUT | FFTWEXHAUSTIVE) ;
80 f f tw f expo r t w i sdom to f i l e name ( wi sdomf i l e ) ;

f l o a t ∗window = c a l l o c ( b l o ck s i z e , s i z e o f (∗window) ) ;
f o r ( i n t t = 0 ; t < b l o c k s i z e ; ++t ) {

window [ t ] = 0 .5 − 0 .5 ∗ cos ( t ∗ 2 ∗ pi / b l o c k s i z e ) ;
}

85 f l o a t r s q r t b l o c k s i z e = 1 / s q r t f ( b l o c k s i z e ) ;
f o r ( i n t i = 0 ; i < 1 << LEVELS; ++i ) {

i n t b = i ∗ b l o c k s i z e / over lap ;
double l = 0 ;
f o r ( i n t t = 0 ; t < b l o c k s i z e ; ++t ) {

90 f l o a t x = a−>data [ b + t ] ;
i bu f [ t ] = window [ t ] ∗ x ;
l += window [ t ] ∗ x ∗ x ;

}
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f−>frame [ i ] . l oudness = sq r t ( l ) ∗ r s q r t b l o c k s i z e ;
95 f f tw f e x e c u t e ( plan ) ;

f−>frame [ i ] . spectrum [0 ] = f a b s f ( obuf [ 0 ] ) ∗ r s q r t b l o c k s i z e ;
f−>frame [ i ] . spectrum [BINS−1] = f a b s f ( obuf [ b l o c k s i z e / 2 ] ) ∗ r s q r t b l o c k s i z e ;
f o r ( i n t k = 1 ; k < BINS−1; ++k) {

f l o a t re = obuf [ k ] ;
100 f l o a t im = obuf [ b l o c k s i z e − k ] ;

f−>frame [ i ] . spectrum [ k ] = s q r t f ( re ∗ re + im ∗ im) ∗ r s q r t b l o c k s i z e ;
}

}
re turn f ;

105 }

enum {
p loudnes s = 0 ,
p tona l i t y , // min (1 , ( log10 m1 − 10 sum ( log10 a k ) / sum 1) /60)

110 p cent ro id , // m1 = sum a k f k / sum a k
p dev ia t i on , // m2 = sum ( f k − m1) ˆ2 a k / sum a k ; s ˆ2 = m2
p skewness , // m3 = sum ( f k − m1) ˆ3 a k / sum a k ; g1 = m3 / s ˆ3
p kur to s i s , // m4 = sum ( f k − m1) ˆ4 a k / sum a k ; g2 = m4 / s ˆ4

} ;
115

s t r u c t s t a t i s t i c {
double s0 , s1 , s2 ;

} ;

120 void s t a t i s t i c ( double x , s t r u c t s t a t i s t i c ∗ s ) {
s−>s0 = 1 ;
s−>s1 = x ;
s−>s2 = x∗x ;

}
125

void w s t a t i s t i c ( double w, double x , s t r u c t s t a t i s t i c ∗ s ) {
i f ( i snan (w) ) { w = 0 ; }
i f ( i snan (x ) ) { x = 0 ; }
s−>s0 = w;

130 s−>s1 = w∗x ;
s−>s2 = w∗x∗x ;

}

void combine ( s t r u c t s t a t i s t i c ∗x , s t r u c t s t a t i s t i c ∗y , s t r u c t s t a t i s t i c ∗ r ) {
135 r−>s0 = x−>s0 + y−>s0 ;

r−>s1 = x−>s1 + y−>s1 ;
r−>s2 = x−>s2 + y−>s2 ;

}

140 double mean( s t r u c t s t a t i s t i c ∗ s ) {
i f ( ! i snan ( s−>s1 ) && s−>s0 > 0) {

re turn s−>s1 / s−>s0 ;
}
re turn 0 ;

145 }

double stddev ( s t r u c t s t a t i s t i c ∗ s ) {
double d = sq r t ( s−>s0 ∗ s−>s2 − s−>s1 ∗ s−>s1 ) / s−>s0 ;
i f ( ! (d >= 0) ) { d = 0 ; }

150 re turn d ;
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}

s t r u c t an a l y s i s {
s t r u c t s t a t i s t i c base ;

155 s t r u c t s t a t i s t i c l e v e l s [LEVELS+1] ;
} ;

void combines ( i n t depth , s t r u c t a n a l y s i s ∗x , s t r u c t a n a l y s i s ∗y , s t r u c t a n a l y s i s⤦
Ç ∗ r ) {

combine(&x−>base , &y−>base , &r−>base ) ;
160 f o r ( i n t l e v e l = 0 ; l e v e l < depth ; ++l e v e l ) {

combine(&x−> l e v e l s [ l e v e l ] , &y−> l e v e l s [ l e v e l ] , &r−> l e v e l s [ l e v e l ] ) ;
}
s t a t i s t i c ( stddev(&r−>base ) , &r−> l e v e l s [ depth ] ) ;

}
165

s t r u c t ana ly s e s {
s t r u c t an a l y s i s param [PARAMS] ;

} ;

170 void ana lyse ( s t r u c t frames ∗ f , s t r u c t ana ly s e s ∗a ) {
s t r u c t frame ∗ s = &f−>frame [ f−>cur rent ++];
s t a t i s t i c ( s−>loudness , &a−>param [ p loudnes s ] . base ) ;
{

double s0 = 0 , s1 = 0 , s2 = 0 , s3 = 0 , s4 = 0 ;
175 f o r ( i n t k = 0 ; k < BINS ; ++k) {

double x = s−>spectrum [ k ] ;
double f = k ∗ 2 .0 / b l o c k s i z e ;
s0 += x ;
s1 += x ∗ f ;

180 }
i f ( ! ( s0 > 0) ) { s0 = 1 ; }
double m1 = s1 / s0 ;
f o r ( i n t k = 0 ; k < BINS ; ++k) {

double x = s−>spectrum [ k ] ;
185 double f = k ∗ 2 .0 / b l o c k s i z e ;

double y = f − m1;
s2 += x ∗ y ∗ y ;
s3 += x ∗ y ∗ y ∗ y ;
s4 += x ∗ y ∗ y ∗ y ∗ y ;

190 }
double m2 = s2 / s0 ;
double m3 = s3 / s0 ;
double m4 = s4 / s0 ;

/∗
195 s t a t i s t i c (m1, &a−>param [ p c en t r o id ] . base ) ;

s t a t i s t i c ( s q r t (m2) , &a−>param [ p dev i a t i on ] . base ) ;
s t a t i s t i c (m3 / pow(m2, 1 . 5 ) , &a−>param [ p skewness ] . base ) ;
s t a t i s t i c (m4 / pow(m2, 2) , &a−>param [ p ku r t o s i s ] . base ) ;

∗/
200 double l = s−>l oudness ;

w s t a t i s t i c ( l , m1, &a−>param [ p c en t r o id ] . base ) ;
w s t a t i s t i c ( l , s q r t (m2) , &a−>param [ p dev i a t i on ] . base ) ;
w s t a t i s t i c ( l , m3 / pow(m2, 1 . 5 ) , &a−>param [ p skewness ] . base ) ;
w s t a t i s t i c ( l , m4 / pow(m2, 2) , &a−>param [ p ku r t o s i s ] . base ) ;

205 }
{
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double s0 = 0 , s1 = 0 , sL = 0 ;
f o r ( i n t k = 0 ; k < BINS ; ++k) {

double x = s−>spectrum [ k ] + 1e −6;
210 s0 += 1 ;

s1 += x ∗ x ;
sL += log (x ∗ x ) ;

}
double t o n a l i t y = 1 − exp ( sL / s0 ) / ( s1 / s0 ) ;

215 i f ( ! (0 < t o n a l i t y ) ) { t o n a l i t y = 0 ; }
i f ( ! (1 > t o n a l i t y ) ) { t o n a l i t y = 1 ; }

/∗
s t a t i s t i c ( t ona l i t y , &a−>param [ p t ona l i t y ] . base ) ;

∗/
220 ws t a t i s t i c ( s−>loudness , t ona l i t y , &a−>param [ p t ona l i t y ] . base ) ;

}
}

void combiness ( i n t depth , s t r u c t ana ly s e s ∗x , s t r u c t ana ly s e s ∗y , s t r u c t ⤦
Ç ana ly s e s ∗ r ) {

225 f o r ( i n t param = 0 ; param < PARAMS; ++param) {
combines ( depth , &x−>param [ param ] , &y−>param [ param ] , &r−>param [ param ] ) ;

}
}

230 void r e cu r s e ( s t r u c t frames ∗ f , i n t depth , s t r u c t ana ly s e s ∗a ) {
i f ( depth ) {

s t r u c t ana ly s e s x , y ;
r e cu r s e ( f , depth − 1 , &x) ;
r e cu r s e ( f , depth − 1 , &y) ;

235 combiness ( depth − 1 , &x , &y , a ) ;
} e l s e {

ana lyse ( f , a ) ;
}

}
240

s t r u c t r e s u l t {
double average , v a r i a b i l i t y , g r anu l a r i t y ;

} ;

245 s t r u c t r e s u l t s {
s t r u c t r e s u l t r e s u l t [PARAMS] ;
double nove l ty ;

} ;

250 void judge ( s t r u c t frames ∗ f , s t r u c t r e s u l t s ∗ r ) {
s t r u c t ana ly s e s a ;
r e cu r s e ( f , LEVELS, &a ) ;
f o r ( i n t param = 0 ; param < PARAMS; ++param) {

r−> r e s u l t [ param ] . average = mean(&a . param [ param ] . base ) ;
255 r−> r e s u l t [ param ] . v a r i a b i l i t y = mean(&a . param [ param ] . l e v e l s [ 0 ] ) ;

s t r u c t s t a t i s t i c s , t ;
w s t a t i s t i c (0 , 0 , &t ) ;
f o r ( i n t l e v e l = 1 ; l e v e l < LEVELS; ++l e v e l ) {

ws t a t i s t i c ( l e v e l , mean(&a . param [ param ] . l e v e l s [ l e v e l ] ) , &s ) ;
260 combine(&s , &t , &t ) ;

}
r−> r e s u l t [ param ] . g r anu l a r i t y = mean(&t ) ;
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}
}

265

const char ∗name = 0 ;

void fp e hand l e r ( i n t s ) {
( void ) s ;

270 f p r i n t f ( s tde r r , ”SIGFPE %s \n” , name) ;
e x i t (1 ) ;

}

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

name = argv [ 1 ] ;
s t r u c t s i g a c t i o n act , o ld ;
act . s a hand l e r = fpe hand l e r ;
s igemptyset (&act . sa mask ) ;

280 s i g a c t i o n (SIGFPE, &act , &old ) ;
s t r u c t r e s u l t s r ;
judge ( frames ( audio ( argv [ 1 ] ) ) , &r ) ;
r . nove l ty = a t o i ( argv [ 2 ] ) ;
fw r i t e (&r , s i z e o f ( r ) , 1 , s tdout ) ;

285 s i g a c t i o n (SIGFPE, &old , 0) ;
r e turn 0 ;

}

21 live.c

#de f i n e GNU SOURCE
#inc lude <s t d i o . h>
#inc lude <s t d l i b . h>

5 #inc lude <sys / types . h>
#inc lude <sys / s t a t . h>
#inc lude <uni s td . h>

#inc lude <d l f c n . h>
10

#inc lude <j ack / jack . h>

// per−sample c a l l b a ck implemented in go . so
typede f f l o a t c a l l b a ck ( void ∗) ;

15

// d e f au l t s i l e n t c a l l b a ck
s t a t i c f l o a t de f func ( void ∗data ) {

re turn 0 ;
}

20

s t a t i c s t r u c t {
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 ∗out ;
void ∗data ;

25 ca l l ba ck ∗ v o l a t i l e func ;
} s t a t e ;

// race mi t i ga t i on
v o l a t i l e i n t i np roc e s s cb = 0 ;
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30

s t a t i c i n t proce s scb ( j a ck n f r ames t nframes , void ∗ arg ) {
i np ro c e s s cb = 1 ; // race mi t i ga t i on
j a c k d e f au l t aud i o s amp l e t ∗out = ( j a c k d e f au l t aud i o s amp l e t ∗) ⤦

Ç j a c k p o r t g e t b u f f e r ( s t a t e . out , nframes ) ;
c a l l b a ck ∗ f = s t a t e . func ;

35 f o r ( j a ck n f r ames t i = 0 ; i < nframes ; ++i ) {
out [ i ] = f ( s t a t e . data ) ;

}
i np ro c e s s cb = 0 ; // race mi t i ga t i on
return 0 ;

40 }

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 ) ;

}
45

s t a t i c void shutdowncb ( void ∗ arg ) {
e x i t (1 ) ;

}

50 s t a t i c void a t ex i t cb ( void ) {
j a c k c l i e n t c l o s e ( s t a t e . c l i e n t ) ;

}

i n t main ( i n t argc , char ∗∗ argv ) {
55 srand ( time (0 ) ) ;

s t a t e . func = de f func ;
s t a t e . data = c a l l o c (1 , 1024 ∗ 1024) ;
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 ( ! ( s t a t e . c l i e n t = j a c k c l i e n t o p e n (” l i v e ” , JackNoStartServer , 0) ) ) {

60 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 ( a 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 ( s t a t e . c l i e n t , processcb , 0) ;

65 jack on shutdown ( s t a t e . c l i e n t , shutdowncb , 0) ;
// mono pro c e s s i ng
s t a t e . out = j a c k p o r t r e g i s t e r ( s t a t e . c l i e n t , ” output 1 ” , ⤦

Ç JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0) ;
i f ( j a c k a c t i v a t e ( s t 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 ”) ;
70 re turn 1 ;

}
// mono reco rd ing
i f ( j a ck connec t ( s t a t e . c l i e n t , ” l i v e : output 1 ” , ” record : i n 1 ”) ) {

f p r i n t f ( s tde r r , ” cannot connect to r e co rde r \n”) ;
75 }

// s t e r e o output
const char ∗∗ por t s ;
i f ( ( por t s = j a c k g e t p o r t s ( s t a t e . c l i e n t , NULL, NULL, JackPort I sPhys i ca l | ⤦

Ç JackPortIs Input ) ) ) {
i n t i = 0 ;

80 whi le ( por t s [ i ] && i < 2) {
i f ( j a ck connec t ( s t a t e . c l i e n t , jack port name ( s t a t e . out ) , 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++;
85 }

f r e e ( por t s ) ;
}
void ∗ o l d d l = 0 ;
void ∗new dl = 0 ;

90 char ∗soname = 0 ;
whi l e (1 == scan f (”%ms” , &soname ) ) {

i f ( ( new dl = dlopen ( soname , RTLDNOW) ) ) {
ca l l ba ck ∗new cb ;
∗( void ∗∗) (&new cb ) = dlsym ( new dl , ”go ”) ;

95 i f ( new cb ) {
// race mi t i ga t i on : d l c l o s e with jack running in . so −> boom
whi le ( i np roc e s s cb ) ;
s t a t e . func = new cb ;
i f ( o l d d l ) {

100 d l c l o s e ( o l d d l ) ;
}
o l d d l = new dl ;

} e l s e {
d l c l o s e ( new dl ) ;

105 new dl = 0 ;
}

} e l s e {
}
f r e e ( soname ) ;

110 soname = 0 ;
}
re turn 0 ;

}

22 Makefile

a l l : b i t b r e ede r b i t b r e ed e r v i d e o b i tb r e ede r aud i o b i t b r e ed e r j udg e glyphs . raw

c l ean :
rm − f b i t b r e ede r b i tb r e ede r . o b i t b r e ed e r v i d e o b i t b r e ed e r v i d e o . o ⤦

Ç b i t b r e ed e r v i d e o . h i b i t b r e ede r aud i o b i t b r e ed e r j udge b i tb r e ede r .⤦
Ç hi Database . o Database . h i Populat ion . o Populat ion . h i Express ion . h i⤦
Ç Express ion . o Evolve . h i Evolve . o Compile . h i Compile . o Video . h i ⤦
Ç Video . o Genet ics . o Genet ics . h i Metric . o Metric . h i Conf ig . o Config .⤦
Ç hi j u d g e s f debug glyphs . raw glyphs .ppm

5

b i tb r e ede r : b i t b r e ede r . hs Database . hs Populat ion . hs Express ion . hs Evolve . hs ⤦
Ç Compile . hs Genet ics . hs Metric . hs Conf ig . hs . cabal −sandbox

caba l v1−exec −− ghc −Wall −threaded −O2 b i tb r e ede r . hs

b i t b r e ed e r v i d e o : b i t b r e ed e r v i d e o . hs Express ion . hs Video . hs Config . hs . cabal −⤦
Ç sandbox

10 caba l v1−exec −− ghc −Wall −threaded −O2 b i t b r e ed e r v i d e o . hs

b i tb r e ede r aud i o : l i v e . c
gcc −std=c99 −Wall −pedant ic −Wextra −Wno−unused−parameter −O3 −o ⤦

Ç b i tb r e ede r aud i o l i v e . c ‘ pkg− c on f i g −− c f l a g s −− l i b s jack ‘ − l d l −lm

15 b i tb r e ed e r j udge : judge . c
gcc −std=c99 −Wall −pedant ic −Wextra −O3 −ggdb −o b i t b r e ed e r j udg e judge⤦
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Ç . c −lm − l f f t w 3 f − l d l

j u d g e s f : judge . c
gcc −std=c99 −Wall −pedant ic −Wextra −O3 −ggdb −o j ud g e s f judge . c −lm −⤦

Ç l f f t w 3 f − l s n d f i l e −DJUDGE SOUNDFILE
20

debug : debug . c
gcc −std=c99 −Wall −pedant ic −Wextra −Wno−unused−parameter −O3 −o debug ⤦

Ç debug . c − l d l

g lyphs . raw : g lyphs . png
25 convert g lyphs . png glyphs .ppm && t a i l −c 1572864 < glyphs .ppm > glyphs .⤦

Ç raw

. cabal −sandbox :
caba l v1−sandbox i n i t
caba l v1− i n s t a l l c a i r o MonadRandom GLFW−b gtk OpenGLRaw proce s s stm syb ⤦

Ç syz time vec to r −− reorder −goa l s

23 Metric.hs

{−# LANGUAGE Fore i gnFunct i on In te r f a ce #−}
module Metric where

import Prelude h id ing ( read , r e p l i c a t e , sum , zip , z ip3 , zipWith , zipWith3 )
5

import Control .Monad (when)
import Data . Vector . Unboxed
import q u a l i f i e d Data . Vector . S to rab l e as S ( thaw , unsa feFreeze )
import q u a l i f i e d Data . Vector . S to rab l e . Mutable as S ( unsafeWith )

10

import Fore ign ( a l l ocaBytes , copyBytes )
import System . IO (Handle , hGetBuf )
import System . IO . Error (mkIOError , eofErrorType )

15 newtype Metric = M ( Vector (Double , Double ) )
newtype Stat s = S ( Vector (Double , Double , Double ) )
newtype Ana lys i s = A ( Vector Double )
newtype Weight = W (Vector Double )
newtype Target = T ( Vector Double )

20 type Score = Double

emptyMetric : : Metric
emptyMetric = M $ z ip zero zero

25 emptyStats : : S ta t s
emptyStats = S $ z ip3 zero zero zero

emptyAnalysis : : Ana lys i s
emptyAnalysis = A zero

30

emptyWeight : : Weight
emptyWeight = W zero

emptyTarget : : Target
35 emptyTarget = T zero
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zero : : Vector Double
zero = r e p l i c a t e e lements 0

40 i n s e r t : : Ana lys i s −> Stat s −> Stat s
i n s e r t (A as ) (S s s ) = S $ zipWith f as s s

where
f a ( s0 , s1 , s2 ) = ( s0 + 1 , s1 + a , s2 + a ∗ a )

45 de l e t e : : Ana lys i s −> Stat s −> Stat s
d e l e t e (A as ) (S s s ) = S $ zipWith f as s s

where
f a ( s0 , s1 , s2 ) = ( s0 − 1 , s1 − a , s2 − a ∗ a )

50 t a r g e t : : Target −> Weight −> Stat s −> Metric
t a r g e t (T t s ) (W ws) (S s s ) = M $ zipWith3 f ws t s s s

where
f w t ( s0 , s1 , s2 )

| i s I n f i n i t e t t = (0 , 0)
55 | isNaN t t = (0 , 0)

| i s I n f i n i t e ww = (0 , 0)
| isNaN ww = (0 , 0)
| otherwi s e = ( tt , ww)
where

60 mean = s1 / s0
stddev = sq r t ( s0 ∗ s2 − s1 ∗ s1 ) / s0
t t = mean + stddev ∗ t
ww = w / stddev

65 s c o r e : : Metric −> Analys i s −> Score
s co r e (M ms) = \(A as ) −> sum $ zipWith f ms as

where
f ( t , w) = \a −> l e t d = w ∗ ( a − t ) in d ∗ d

70 read : : Handle −> IO Analys i s
read h = a l l o caByte s bytes $ \ptr −> do

bytes ’ <− hGetBuf h ptr bytes
when ( bytes /= bytes ’ ) $ i oEr ro r (mkIOError eofErrorType ”” Nothing Nothing )
m <− S . thaw ( convert ze ro )

75 S . unsafeWith m $ \q −> copyBytes q ptr bytes
(A . convert ) ‘ fmap ‘ S . unsa feFreeze m

bytes , elements , measurements , parameters : : Int
bytes = elements ∗ 8

80 e lements = measurements ∗ parameters + 1
measurements = 6
parameters = 3

24 Population.hs

module Populat ion ( Item ( . . ) , Population , empty , update , target , toAscLi s t ) where

import Database (DB)
import q u a l i f i e d Database as D

5 import Metric ( Stats , Analys i s , Target , Weight )
import q u a l i f i e d Metric as S
import Express ion (E( ) )
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data Item = Item{ itemID : : ! Int , itemExpr : : E, itemMetric : : Ana lys i s }
10

type Populat ion = (DB Item , Stats , Target , Weight )

empty : : Populat ion
empty = (D. empty , S . emptyStats , S . emptyTarget , S . emptyWeight )

15

i n s e r t : : Item −> Populat ion −> Populat ion
i n s e r t i t (d , s , t , w) = (D. i n s e r t i t d , S . i n s e r t ( i temMetric i t ) s , t , w)

toAscLi s t : : Populat ion −> [ Item ]
20 toAscLi s t (d , , , ) = D. toAscLi s t d

prune : : Int −> Populat ion −> Populat ion
prune n p@(d , s , t , w) = case fmap D. toAscLi s t $ D. sp l i tA t n d o f

( , [ ] ) −> p
25 ( keep , d i s ca rd ) −> ( keep , f o l d r S . d e l e t e s $ map itemMetric d i scard , t , w)

{−
f o l d r S . i n s e r t S . emptyStats . map itemMetric . D. toAscLi s t $ k , t , w)

l e t ( keep , d i s ca rd ) = D. sp l i tA t n d
in ( keep , . D. toAscLi s t $ discard , t , w)

30 −}

s o r t : : Populat ion −> Populat ion
s o r t (d , s , t , w) = (D. sortOn (S . s co r e (S . t a r g e t t w s ) . i temMetr ic ) d , s , t , w⤦

Ç )

35 update : : Item −> Populat ion −> Populat ion
update i t = prune maxPopCount . i n s e r t i t

t a r g e t : : Target −> Weight −> Populat ion −> Populat ion
t a r g e t t w (d , s , , ) = so r t (d , s , t , w)

40

maxPopCount : : Int
maxPopCount = 1024

25 README

BitBreeder
==========

BitBreeder evo lv e s no i sy exp r e s s i on s .
5

Build Requirements
−−−−−−−−−−−−−−−−−−

10 BitBreeder i s wr i t t en in Haske l l and C. You need GHC ( t e s t ed with ghc −7 . 6 . 2 )
and ( at l e a s t ) the se l i b r a r i e s from Hackage ( or e l s ewhere ) :

c a i r o gtk g tkg l ex t MonadRandom OpenGLRaw proce s s stm syb syz time vec to r

15 You need GCC ( t e s t ed with gcc −4 . 7 . 2 ) and ( at l e a s t ) the se l i b r a r i e s :

m dl jack f f tw3 f

You need ImageMagick f o r PNG to PPM conver s i on .
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20

You need Make to bu i ld i t a l l .

Runtime Requirements
25 −−−−−−−−−−−−−−−−−−−−

You need JACK ( running at 48000Hz) , GCC ( BitBreeder gene ra t e s source code and
compi le s i t ) and ecasound ( f o r r e co rd ing ) . After running you can encode a
video , which needs r e cent v e r s i on s o f avprobe and avconv ( t e s t ed with 1 . 0 . 5

30 f o r Debian Wheezy from deb−multimedia r epo s i t o ry , o l d e r v e r s i on s l i k e s tock
Wheezy w i l l cause problems ) .

Usage
35 −−−−−

q j a c k c t l & # se t up JACK and s t a r t jackd ; stop the t ranspor t and rewind i t
f o r CPU in 0 1 2 3 . . . ; do sudo cpufreq − s e t −c ${CPU} −g performance ; done
. / s t a r t . sh

40 . / encode . sh a/SESSION
mplayer a/SESSION .mkv

The main BitBreeder window has a bunch o f s l i d e r s . Each row corresponds to
an audio de s c r i p t o r , the l e f t s l i d e r i s the normal ized t a r g e t va lue and the

45 r i g h t s l i d e r i s the weight ing . The other window d i s p l a y s the cu r r en t l y
sounding expres s ion , which i s the f i t t e s t exp r e s s i on matching the cur rent
tab . You can c r ea t e more tabs , each with t h e i r own f i t n e s s t a r g e t /weights .
BitBreeder c ros s −breeds and mutates the exp r e s s i on popu la t ions from each tab .

50 Targets are normal ized : the cente r o f the s l i d e r range i s the mean o f the
populat ion , and the extremes o f the s l i d e r range are +/− a few standard
dev i a t i on s o f the populat ion . Weighting i s from 0 at the l e f t i n c r e a s i n g
to the r ight , changing a ta r g e t w i l l have no e f f e c t when i t s weight i s 0 .
When a l l weights are zero each newly generated expr e s s i on i s deemed the

55 f i t t e s t .

Implementation
−−−−−−−−−−−−−−

60

BitBreeder c o n s i s t s o f a few programs : user i n t e r f a c e and con t r o l l o g i c
( b i t b r e ede r ) , the v i s u a l i s a t i o n o f the exp r e s s i on ( b i t b r e ed e r v i d e o ) ,
l i v e audio gene ra t i on ( b i tb r e ed e r aud i o ) , and expr e s s i on audio ana l y s i s
( b i t b r e ed e r j udg e ) .

65

b i tb r e ede r
−−−−−−−−−−

70 FIXME cross −breeding , mutation , populat ions , compi la t ion

b i tb r e ed e r j udge
−−−−−−−−−−−−−−−−

75

The judge loads an . so conta in ing the compiled expres s ion , and gene ra t e s
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a couple o f minutes o f audio with i t . The main loop i s a t r e e s t r u c tu r e :

r e cu r s i on depth
80 : /

2 /\
/ \

1 /\ /\
0/\/\/\/\/

85 01234567 . . audio frames

Each audio frame i s an FFT spectrum and RMS volume f o r that block ( which
are windowed and over lapped ) .

90 At the lowest l e v e l o f the t r e e the ba s i c in s tantaneous d e s c r i p t o r s are
c a l c u l a t ed ( t ona l i t y , s p e c t r a l centro id , e t c . . . ) , each s to r ed as a
s t a t i s t i c ( weight , weight ∗ value , weight ∗ value ˆ2) with the weight
u sua l l y based on the RMS volume .

95 Each subsequent l e v e l combines s t a t i s t i c s from a l l the prev ious l e v e l s −
each node ( f o r each ba s i c d e s c r i p t o r ) combines pa i rw i s e two l i s t s o f
s t a t i s t i c s ( ordered by l e v e l ) and adds a new s t a t i s t i c as the mean o f
the l e v e l below i t .

100 Example ( assuming weight i s 1) :

−> input d e s c r i p t o r sequence
7
4

105 5
1

−> base l e v e l
1 7 49
1 4 16

110 1 5 25
1 1 1

−> next l e v e l
2 11 98 1 5 .5 30 .25
2 6 36 1 3 9

115 −> top l e v e l
4 17 134 2 8 39 .25 1 4 16

−> f i n a l r e s u l t s
mean (0) = 17/4 = 4.25
stddev (0 ) = sq r t (4 ∗ 134 − 17ˆ2) / 4 = 3.929

120 stddev (1 ) = sq r t (2 ∗ 39 .25 − 8ˆ2) / 2 = 1.936
stddev (2 ) = sq r t (1 ∗ 16 − 4ˆ2) / 1 = 0
g ranu l a r i t y = cen t ro id o f stddev ( l e v e l )
= (0 ∗ 3 .929 + 1 ∗ 1 .936 + 2 ∗ 0) / (0 + 1 + 2)
= 0.64549

125 −> output
mean (0) , stddev (0 ) , g r anu l a r i t y

b i tb r e ede r aud i o
130 −−−−−−−−−−−−−−−−

The main loop watches s td in f o r names o f an . so conta in ing a compiled
expr e s s i on . For each l i n e , i t l oads the . so and swaps the JACK proce s s
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ca l l ba ck to the new expr e s s i on ( tak ing care not to unload code that i s
135 cu r r en t l y running ) .

FIXME sample ra t e convers ion , DC o f f s e t removal

140 b i t b r e ed e r v i d e o
−−−−−−−−−−−−−−−−

The main loop watches s td in f o r exp r e s s i on s in Haske l l ’ s Show syntax .
For each l i n e , i t pa r s e s the expres s i on , l ay s i t out as a tree , and

145 d i s p l a y s i t .

FIXME glyph map, textureQueryLod

150 Legal
−−−−−

Copyright (C) 2013 Claude Heiland −Allen <claude@mathr . co . uk>
License : GPLv3+

155 Warranty : NONE

−−

https : //mathr . co . uk

26 spectrogram.c

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

5 #inc lude <s t r i n g . h>
#inc lude <s n d f i l e . h>
#inc lude <f f tw3 . h>

#de f i n e wi sdomf i l e ”/ run/shm/ b i tb r e ede r . f f tw ”
10

s t a t i c const double p i = 3.141592653589793 ;
s t a t i c const double s r = 8192 . 0 ;
s t a t i c const i n t bs = 2048 ;
s t a t i c const i n t o l = 4 ;

15

s t r u c t audio {
i n t channe l s ;
i n t frames ;
f l o a t ∗data ;

20 } ;

s t a t i c s t r u c t audio ∗ aud io load ( const char ∗ f i l ename ) {
s t r u c t audio ∗ audio = c a l l o c (1 , s i z e o f (∗ audio ) ) ;
i f ( ! audio ) {

25 re turn 0 ;
}
SF INFO in f o ; memset(& in fo , 0 , s i z e o f ( i n f o ) ) ;
SNDFILE ∗ in = s f open ( f i l ename , SFM READ, &i n f o ) ;
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i f ( ! in ) {
30 f r e e ( audio ) ;

r e turn 0 ;
}
audio−>channe l s = i n f o . channe l s ;
audio−>frames = i n f o . frames ;

35 audio−>data = c a l l o c ( audio−>channe l s ∗ audio−>frames , s i z e o f (∗ audio−>data ) ) ;
i f ( ! audio−>data ) {

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

40 }
s f r e a d f f l o a t ( in , audio−>data , audio−>frames ) ;
s f c l o s e ( in ) ;
r e turn audio ;

}
45

s t r u c t f f t {
f l o a t ∗window ;
f l o a t ∗ in ;
f l o a t ∗out ;

50 f l o a t ∗ i bu f ;
f l o a t ∗obuf ;
f f tw f p l a n plan ;

} ;

55 s t a t i c s t r u c t f f t ∗ f f t i n i t ( ) {
s t r u c t f f t ∗ f f t = c a l l o c (1 , s i z e o f (∗ f f t ) ) ;
i f ( ! f f t ) {

re turn 0 ;
}

60 f f t −>window = c a l l o c ( bs , s i z e o f (∗ f f t −>window) ) ;
f f t −>in = c a l l o c ( bs , s i z e o f (∗ f f t −>in ) ) ;
f f t −>out = c a l l o c ( bs , s i z e o f (∗ f f t −>out ) ) ;
f f t −> i bu f = f f t w f a l l o c r e a l ( bs ) ;
f f t −>obuf = f f t w f a l l o c r e a l ( bs ) ;

65 f o r ( i n t t = 0 ; t < bs ; ++t ) {
f f t −>window [ t ] = 0 .5 − 0 .5 ∗ cos ( t ∗ 2 ∗ pi / bs ) ;

}
f f tw f impor t w i sdom from f i l ename ( wi sdomf i l e ) ;
f f t −>plan = f f tw f p l a n r 2 r 1 d ( bs , f f t −>ibuf , f f t −>obuf , FFTWR2HC, ⤦

Ç FFTWDESTROY INPUT | FFTWEXHAUSTIVE) ;
70 f f tw f expo r t w i sdom to f i l e name ( wi sdomf i l e ) ;

r e turn f f t ;
}

s t a t i c void f f t compute ( s t r u c t f f t ∗ f f t ) {
75 f o r ( i n t k = 0 ; k < bs ; ++k) {

f f t −> i bu f [ k ] = f f t −>window [ k ] ∗ f f t −>in [ k ] ;
}
f f tw f e x e c u t e ( f f t −>plan ) ;
f f t −>out [ 0 ] = f f t −>obuf [ 0 ] ∗ f f t −>obuf [ 0 ] / s q r t f ( bs ) ;

80 f f t −>out [ bs /2 ] = f f t −>obuf [ bs /2 ] ∗ f f t −>obuf [ bs /2 ] / s q r t f ( bs ) ;
f o r ( i n t k = 1 ; k < bs /2 ; ++k) {

f l o a t re = f f t −>obuf [ k ] ;
f l o a t im = f f t −>obuf [ bs − k ] ;
f f t −>out [ k ] = s q r t f ( re ∗ re + im ∗ im) / s q r t f ( bs ) ;
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85 }
}

s t r u c t plane {
i n t width ;

90 i n t he ight ;
f l o a t ∗data ;

} ;

s t r u c t p lanes {
95 i n t count ;

s t r u c t plane ∗plane ;
} ;

s t a t i c void p lanes copy ( f l o a t ∗ src , i n t count , s t r u c t p lanes ∗planes , i n t p , i n t⤦
Ç x ) {

100 f o r ( i n t i = 0 ; i < count ; ++i ) {
planes−>plane [ p ] . data [ planes−>plane [ p ] . width ∗ i + x ] = s r c [ i ] ;

}
}

105 s t a t i c void audio copy ( f l o a t ∗dst , i n t count , s t r u c t audio ∗audio , i n t t0 , i n t c⤦
Ç ) {

i n t t = t0 ;
f o r ( i n t i = 0 ; i < count ; ++i ) {

i f (0 <= t && t < audio−>frames ) {
dst [ i ] = audio−>data [ t ∗ audio−>channe l s + c ] ;

110 } e l s e {
dst [ i ] = 0 ;

}
++t ;

}
115 }

s t a t i c s t r u c t p lanes ∗ p l a n e s i n i t ( s t r u c t audio ∗audio , s t r u c t f f t ∗ f f t , i n t ⤦
Ç count ) {

s t r u c t p lanes ∗ planes = c a l l o c (1 , s i z e o f (∗ planes ) ) ; // FIXME cleanup
planes−>count = count ;

120 planes−>plane = c a l l o c ( planes−>count , s i z e o f (∗ planes−>plane ) ) ; // FIXME ⤦
Ç cleanup

in t i = 0 ;
// f o r ( i n t i = 0 ; i < planes−>count ; ++i ) {
// f p r i n t f ( s tde r r , ”%d\n” , i ) ;

double frames = 2 ∗ bs + audio−>frames ;
125 planes−>plane [ i ] . width = c e i l ( frames ∗ o l / bs ) ;

planes−>plane [ i ] . he ight = bs ;
planes−>plane [ i ] . data = c a l l o c ( planes−>plane [ i ] . width ∗ planes−>plane [ i ] .⤦

Ç height , s i z e o f (∗ planes−>plane [ i ] . data ) ) ; // FIXME cleanup
in t x = 0 ;
f o r ( i n t t = −bs ; t < bs + audio−>frames ; t += bs / o l ) {

130 f o r ( i n t c = 0 ; c < audio−>channe l s ; ++c ) {
audio copy ( f f t −>in , bs , audio , t , c ) ;
f f t compute ( f f t ) ;
p lanes copy ( f f t −>out , bs , planes , i , x ) ;

}
135 ++x ;

}
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// s t r u c t audio ∗ audio2 = audio downsample ( audio ) ;
// f r e e ( audio ) ;
// audio = audio2 ;

140 // }
re turn p lanes ;

}

s t r u c t image {
145 i n t width ;

i n t he ight ;
unsigned char ∗data ;

} ;

150 s t a t i c s t r u c t image ∗ imag e i n i t ( i n t frames ) {
s t r u c t image ∗ image = c a l l o c (1 , s i z e o f (∗ image ) ) ;
i f ( ! image ) {

re turn 0 ;
}

155 image−>he ight = 128 ;
double dframes = frames ;
image−>width = c e i l ( dframes ∗ o l / bs ) ;
image−>data = c a l l o c (1 , image−>width ∗ image−>he ight ) ;
i f ( ! image−>data ) {

160 f r e e ( image ) ;
r e turn 0 ;

}
re turn image ;

}
165

s t a t i c void image wr i te ( s t r u c t image ∗ image , const char ∗ f i l ename ) {
FILE ∗out = fopen ( f i l ename , ”wb”) ;
i f ( out ) {

f p r i n t f ( out , ”P5\n%d %d\n255\n” , image−>width , image−>he ight ) ;
170 fw r i t e ( image−>data , image−>width ∗ image−>height , 1 , out ) ;

f c l o s e ( out ) ;
}

}

175 s t a t i c double p lanes l ookup ( s t r u c t p lanes ∗planes , double f0 , double f1 , double ⤦
Ç t0 ) {

double y0 = f0 / s r ∗ planes−>plane [ 0 ] . he ight ;
double y1 = f1 / s r ∗ planes−>plane [ 0 ] . he ight ;
i n t v0 = f l o o r ( y0 ) ;
i n t v1 = c e i l ( y1 ) ;

180 double z = 0 ;
double t = t0 ;
double x = o l ∗ t / bs ;
i n t u = f l o o r ( x ) ;
i n t k = 0 ;

185 f o r ( i n t v = v0 ; v < v1 ; ++v) {
i f (0 <= u && u < planes−>plane [ 0 ] . width && 0 <= v && v < planes−>plane [ 0 ] .⤦

Ç he ight ) {
z += planes−>plane [ 0 ] . data [ planes−>plane [ 0 ] . width ∗ v + u ] ;
k += 1 ;

}
190 }

i f ( k == 0) { k = 1 ; }
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re turn z / k ;
}

195 s t a t i c void compute ( s t r u c t p lanes ∗planes , s t r u c t image ∗ image ) {
unsigned char ∗data = image−>data ;
f o r ( i n t y = 0 ; y < image−>he ight ; ++y) {

double f 0 = (pow(2 , ( y − image−>he ight ) ∗ 1 .0 / image−>he ight ) − 0 . 5 ) ∗ ⤦
Ç s r ;

double f 1 = (pow(2 , ( y + 1 − image−>he ight ) ∗ 1 .0 / image−>he ight ) − 0 . 5 ) ∗ ⤦
Ç s r ;

200 f o r ( i n t x = 0 ; x < image−>width ; ++x) {
double t = (x ∗ bs ) / o l + ( o l − 1) ∗ bs/ o l ;
double v = planes lookup ( planes , f0 , f1 , t ) ;
unsigned char g = fmin ( fmax (255 ∗ v , 0) , 255) ;
∗data++ = g ;

205 }
}

}

i n t main ( i n t argc , char ∗∗ argv ) {
210 i f ( argc < 3) {

re turn 1 ;
}
i n t r e t v a l = 1 ;
s t r u c t audio ∗ audio = aud io load ( argv [ 1 ] ) ;

215 i f ( audio ) {
s t r u c t f f t ∗ f f t = f f t i n i t ( ) ;
i f ( f f t ) {

i n t frames = audio−>frames ;
s t r u c t p lanes ∗ planes = p l a n e s i n i t ( audio , f f t , 1) ;

220 i f ( p lanes ) {
s t r u c t image ∗ image = image i n i t ( frames ) ;
i f ( image ) {

compute ( planes , image ) ;
image wr i te ( image , argv [ 2 ] ) ;

225 r e t v a l = 0 ;
// image f r e e ( image ) ;

}
// p l a n e s f r e e ( p lanes ) ;

}
230 // f f t f r e e ( f f t ) ;

}
}
re turn r e t v a l ;

}

27 start.sh

#!/bin /bash
# sudo cpufreq − s e t −c 0 −g performance
# sudo cpufreq − s e t −c 1 −g performance
u l im i t −s un l imited

5 rm − r f o
rm − f v
make
SESSION=”bi tbreeder −$ ( date −u +%F−%H%M%S)”
mkdir −p o a ”a/${SESSION}”
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10 ln −s ”a/${SESSION}/” v
ecasound −q −G: jack , record − f : f32 ,1 ,48000 − i : j ack −o ”a/${SESSION} . wav” &
s l e ep 5
time . / b i tb r e ede r +RTS −N 2>”a/${SESSION} . e r r ” >”a/${SESSION} . out”
s l e e p 5

15 k i l l %ecasound
echo ” ./ encode . sh \”a/${SESSION}\””

28 Statistics.hs

type R = Double

data Stat = Stat !R !R !R

5 Stat s0 s1 s2 <> Stat t0 t1 t2 = Stat ( s0 + t0 ) ( s1 + t1 ) ( s2 + t2 )

s t a t : : R −> Stat
s t a t x = Stat 1 x (x∗x )

10 mean : : Stat −> R
mean ( Stat s0 s1 ) = s1 / s0

stddev : : Stat −> R
stddev ( Stat s0 s1 s2 )

15 | t > 0 = t
| otherwi s e = 0
where t = sq r t ( s0 ∗ s2 − s1 ∗ s1 ) / s0

type Stat s = ( Stat , [ Stat ] )
20

merge : : S ta t s −> Stat s −> Stat s
merge ( s , s s ) ( t , t s ) = ( r , s t a t (mean r ) : zipWith (<>) s s t s )

where r = s <> t

25 pa i rw i s e f ( a : b : c s ) = f a b : pa i rw i s e f c s
pa i rw i s e = [ ]

g r anu l a r i t y : : [R] −> R
granu l a r i t y

30 = sum . zipWith (∗ ) [ 0 . . ] . map stddev
. r e v e r s e . snd . head . l a s t . takeWhile ( not . nu l l )
. i t e r a t e ( pa i rw i s e merge ) . map (\x −> ( s t a t x , [ ] ) )

go : : (R −> R) −> IO ( )
35 go f = pr in t $ g r anu l a r i t y [ f t | t <− [ 1 . . 2ˆ16 ] ]

main : : IO ( )
main = do

go (\ t −> s i n ( t / 10) )
40 go (\ t −> s i n ( t / 1000) )

go (\ t −> s i n ( t / 10) + 10 ∗ s i n ( t / 1000) )
go (\ t −> s i n (10 / ( t + 1) ) )

{−
45 6.305600061502868

43.442727416334165
434.64767794388223
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0.5956135757335486
−}

29 stroke.frag

void main ( ) {
g l FragCo lor = vec4 ( 1 . 0 , 0 . 7 , 0 . 7 , 1 . 0 ) ;

}

30 Video.hs

module Video ( setupGL , draw , pngFilename , captureToPNG) where

import Data .Maybe (mapMaybe)
import Data . L i s t ( i n t e r c a l a t e , t ranspose )

5 import Fore ign ( a l l ocaBytes , nu l lPtr , peek , peekArray , plusPtr , with , withArray )
import Fore ign .C ( peekCStringLen , withCString )
import System . IO ( hPutStrLn , s tde r r , hGetBuf , withBinaryFi le , IOMode(ReadMode) )
import Graphics . Rendering . Cairo (Format (FormatRGB24) , formatStrideForWidth , ⤦

Ç surfaceWriteToPNG , withImageSurfaceForData )
import Graphics .GL

10

import Conf ig (videoW , videoH )
import Express ion

type Glyph = Char
15

data Layout = Layout [ Glyph ] ( Int , Int ) [ Layout ]

layout : : E −> Layout
layout X = Layout ” t ” (1 , 1) [ ]

20 l ayout ( I i ) = Layout s ( l ength s , 1) [ ] where s = show i
layout (U u e ) = Layout s (w ‘max ‘ l ength s , h + 1) [ l ]

where
s = glyphsU u
l@ ( Layout (w, h) ) = layout e

25 l ayout (B b e f ) = Layout s (ew + fw + 1 , ( eh ‘max ‘ fh ) + 1) [ e l , f l ]
where

s = glyphsB b
el@ ( Layout (ew , eh ) ) = layout e
f l@ ( Layout ( fw , fh ) ) = layout f

30 l ayout (T e f g ) = Layout ”? :” (ew + fw + gw + 2 , ( eh ‘max ‘ fh ‘max ‘ gh ) + 1) [⤦
Ç e l , f l , g l ]

where
el@ ( Layout (ew , eh ) ) = layout e
f l@ ( Layout ( fw , fh ) ) = layout f
gl@ ( Layout (gw , gh ) ) = layout g

35

type Pos i t i on = ( Float , Float )
type Edge = ( Pos i t ion , Pos i t i on )

layoutEdges : : Layout −> ( Pos i t ion , [ Edge ] )
40 layoutEdges ( Layout (w, ) [ ] ) = ( ( f r omInteg ra l w / 2 , 0 . 5 ) , [ ] )

layoutEdges ( Layout gs [ l@ ( Layout ) ] ) = ( t , ( t , ( tx , ty + 1) ) : map ⤦
Ç t r a n s l a t e es )

where
t = ( f romInteg ra l ( l ength gs ) / 2 , 0 . 5 )
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( ( tx , ty ) , e s ) = layoutEdges l
45 t r a n s l a t e ( ( x0 , y0 ) , ( x1 , y1 ) ) = ( ( x0 , y0 + 1) , ( x1 , y1 + 1) )

layoutEdges ( Layout gs [ l@ ( Layout ( lw , ) ) , r ] ) = ( t , ( t , ( lx , l y + 1) ) : ⤦
Ç ( t , ( rx + f romInteg ra l lw + 1 , ry + 1) ) : map t r an s l a t eL l s ++ map ⤦
Ç t rans la t eR r s )

where
t = ( f romInteg ra l lw + f romInteg ra l ( l ength gs ) / 2 , 0 . 5 )
( ( lx , l y ) , l s ) = layoutEdges l

50 ( ( rx , ry ) , r s ) = layoutEdges r
t r an s l a t eL ( ( x0 , y0 ) , ( x1 , y1 ) ) = ( ( x0 , y0 + 1) , ( x1 , y1 + 1) )
t rans la t eR ( ( x0 , y0 ) , ( x1 , y1 ) ) = ( ( x0 + f romInteg ra l lw + 1 , y0 + 1) , ( x1 +⤦

Ç f r omInteg ra l lw + 1 , y1 + 1) )
layoutEdges ( Layout gs [ l@ ( Layout ( lw , ) ) , m@( Layout (mw, ) ) , r ] ) =

( t , ( t , ( lx , l y + 1) ) :
55 ( t , (mx + f romInteg ra l lw + 1 , my + 1) ) :

( t , ( rx + f romInteg ra l lw + 1 + f romInteg ra l mw + 1 , ry + 1) ) :
map t ran s l a t eL l s ++ map trans lateM ms ++ map trans la t eR r s )

where
t = ( f romInteg ra l lw + f romInteg ra l ( l ength gs ) / 2 , 0 . 5 )

60 ( ( lx , l y ) , l s ) = layoutEdges l
( (mx, my) , ms) = layoutEdges m
( ( rx , ry ) , r s ) = layoutEdges r
t r an s l a t eL ( ( x0 , y0 ) , ( x1 , y1 ) ) = ( ( x0 , y0 + 1) , ( x1 , y1 + 1) )
trans lateM ( ( x0 , y0 ) , ( x1 , y1 ) ) = ( ( x0 + f romInteg ra l lw + 1 , y0 + 1) , ( x1 +⤦

Ç f r omInteg ra l lw + 1 , y1 + 1) )
65 t rans la t eR ( ( x0 , y0 ) , ( x1 , y1 ) ) = ( ( x0 + f romInteg ra l lw + 1 + f romInteg ra l ⤦

Ç mw + 1 , y0 + 1) , ( x1 + f romInteg ra l lw + 1 + f romInteg ra l mw + 1 , y1 +⤦
Ç 1) )

glyphsU : : U −> [ Glyph ]
glyphsU Neg = ”−”
glyphsU LNot = ” !”

70 glyphsU BNot = ”˜”

glyphsB : : B −> [ Glyph ]
glyphsB Add = ”+”
glyphsB Sub = ”−”

75 glyphsB Mul = ”∗”
glyphsB Div = ”/”
glyphsB Mod = ”%”
glyphsB BAnd = ”&”
glyphsB LAnd = ”&&”

80 glyphsB BOr = ” |”
glyphsB LOr = ” | | ”
glyphsB XOr = ”ˆ”
glyphsB ShL = ”<<”
glyphsB ShR = ”>>”

85 glyphsB Lt = ”<”
glyphsB Gt = ”>”

pre t ty : : Layout −> [ [ ( Glyph , Float ) ] ]
p re t ty l@ ( Layout (w, h) ) = map ( ( [ space ] ++).(++ [ space ] ) ) $ [ r e p l i c a t e w ⤦

Ç space ] ++ f s t ( pretty ’ h l [ 0 . . ] ) ++ [ r e p l i c a t e w space ] where space = ( ’ ⤦
Ç ’ , −1)

90 pretty ’ : : Int −> Layout −> [ F loat ] −> ( [ [ ( Glyph , Float ) ] ] , [ F loat ] )
pretty ’ [ ] = e r r o r ” pretty ’ ”
pretty ’ h ( Layout s (w, ) l s ) ( c : c s ) = ( take h ( take w ( r e p l i c a t e x space ++ (⤦
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Ç z ip s ( repeat c ) ) ++ repeat space ) : combine [ space ] gs ++ repeat (⤦
Ç r e p l i c a t e w space ) ) , cs ’ )

where
( gs , cs ’ ) = maps ( pretty ’ (h − 1) ) cs l s

95 space = ( ’ ’ , c )
x = case l s o f

( Layout (w’ , ) ) : : −> w’
−> 0

100 maps : : ( Layout −> [ F loat ] −> ( [ [ ( Glyph , Float ) ] ] , [ F loat ] ) ) −> [ F loat ] −> [⤦
Ç Layout ] −> ( [ [ [ ( Glyph , Float ) ] ] ] , [ F loat ] )

maps cs [ ] = ( [ ] , c s )
maps p cs ( l : l s ) =

l e t ( g , cs ’ ) = p l cs
( gs , cs ’ ’ ) = maps p cs ’ l s

105 in ( g : gs , cs ’ ’ )

combine : : [ ( Glyph , Float ) ] −> [ [ [ ( Glyph , Float ) ] ] ] −> [ [ ( Glyph , Float ) ] ]
combine space = map ( i n t e r c a l a t e space ) . t ranspose

110 glyphMap : : [ ( Glyph , [ Float ] ) ]
glyphMap = [ (g , [ x /8 , y /4 ] ) | ( gs , y ) <− [ ”01234567” , ”89−˜!+∗/” , ”%ˆ&|<>?:”, ”⤦

Ç t ” ] ‘ z ip ‘ [ 0 . . ] , ( g , x ) <− gs ‘ z ip ‘ [ 0 . . ] ]

uploadGlyphs : : [ [ ( Glyph , Float ) ] ] −> IO ( Int , Int )
uploadGlyphs gss@ ( gs : ) = do

115 l e t w = length gs
h = length gs s
xyzs = concat . mapMaybe (\ ( g , z ) −> fmap (++[z ] ) $ g ‘ lookup ‘ glyphMap ) .⤦

Ç concat $ gs s
withArray xyzs $ glTexImage2D GLTEXTURERECTANGLE 0 ( f r omInteg ra l GL RGB32F) ⤦

Ç ( f r omInteg ra l w) ( f r omInteg ra l h ) 0 GL RGB GL FLOAT
return (w, h)

120 uploadGlyphs = return (0 , 0)

toTexture : : Layout −> IO ( Int , Int )
toTexture = uploadGlyphs . p re t ty

125 setupGL : : IO (GLuint , GLuint )
setupGL = do

[ t0 , t1 ] <− withArray [ 0 , 0 ] $ \p −> glGenTextures 2 p >> peekArray 2 p
g lAct iveTexture GL TEXTURE1
glBindTexture GL TEXTURE 2D t1

130 l e t width = 1024
he ight = 512
bytes = width ∗ he ight ∗ 3

withBinaryFi l e ” g lyphs . raw” ReadMode $ \h −> a l l o caByte s bytes $ \p −> do
<− hGetBuf h p bytes

135 glTexImage2D GL TEXTURE 2D 0 ( f r omInteg ra l GL RGB) ( f r omInteg ra l width ) (⤦
Ç f r omInteg ra l he ight ) 0 GL RGB GL UNSIGNED BYTE p

glGenerateMipmap GL TEXTURE 2D
glTexParameteri GL TEXTURE 2D GL TEXTURE MIN FILTER ( f romInteg ra l ⤦

Ç GL LINEAR MIPMAP LINEAR)
glTexParameteri GL TEXTURE 2D GL TEXTURE MAG FILTER ( f romInteg ra l GL LINEAR)
glTexParameteri GL TEXTURE 2D GL TEXTUREWRAP S ( f romInteg ra l GL CLAMP TO EDGE⤦

Ç )
140 glTexParameteri GL TEXTURE 2D GL TEXTUREWRAP T ( f romInteg ra l GL CLAMP TO EDGE⤦
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Ç )
g lAct iveTexture GL TEXTURE0
glBindTexture GL TEXTURERECTANGLE t0
glTexParameteri GL TEXTURERECTANGLE GL TEXTURE MIN FILTER ( f romInteg ra l ⤦

Ç GL NEAREST)
glTexParameteri GL TEXTURERECTANGLE GL TEXTURE MAG FILTER ( f romInteg ra l ⤦

Ç GL NEAREST)
145 glTexParameteri GL TEXTURERECTANGLE GL TEXTUREWRAP S ( f romInteg ra l ⤦

Ç GL CLAMP TO EDGE)
glTexParameteri GL TEXTURERECTANGLE GL TEXTUREWRAP T ( f romInteg ra l ⤦

Ç GL CLAMP TO EDGE)
prog <− glCreateProgram
f rag <− glCreateShader GL FRAGMENT SHADER
sr c <− r e adF i l e ” expr . f r a g ”

150 withCString s r c $ \p −> with p $ \pp −> glShaderSource f r ag 1 pp nu l lPt r
glCompileShader f r ag
hPutStrLn s t d e r r =<< shaderLog f r ag
glAttachShader prog f r ag
glLinkProgram prog

155 hPutStrLn s t d e r r =<< programLog prog
glUseProgram prog
withCString ” glyphs ” $ \ s −> glGetUniformLocation prog s >>= \ l −> g lUni form1i⤦

Ç l 1
withCString ” expr e s s i on ” $ \ s −> glGetUniformLocation prog s >>= \ l −> ⤦

Ç g lUni form1i l 0
prog2 <− glCreateProgram

160 f r ag2 <− glCreateShader GL FRAGMENT SHADER
src2 <− r e adF i l e ” s t r oke . f r a g ”
withCString s r c2 $ \p −> with p $ \pp −> glShaderSource f r ag2 1 pp nu l lPt r
glCompileShader f r ag2
hPutStrLn s t d e r r =<< shaderLog f rag2

165 glAttachShader prog2 f rag2
glLinkProgram prog2
hPutStrLn s t d e r r =<< programLog prog2
return ( prog , prog2 )

170 draw : : (GLuint , GLuint ) −> E −> IO ( )
draw ( prog , prog2 ) e = do

l e t l = layout e
( , e s ) = layoutEdges l

(w, h ’ ) <− toTexture l
175 l e t h = 1 .5 ∗ f r omInteg ra l h ’

w0 = 32 ∗ h / 9
h0 = 9 ∗ f r omInteg ra l w / 32
x0 = negate (w0 − f r omInteg ra l w) / 2
x1 = x0 + w0

180 y0 = negate ( h0 − h) / 2
y1 = y0 + h0

i f 9 ∗ f r omInteg ra l w > 32 ∗ h
then do

g lD i s ab l e GL BLEND
185 glUseProgram prog

quad (0 , f r omInteg ra l w) ( y1 , y0 )
g lEnable GL BLEND
glBlendFunc GL DST COLOR GL ZERO −− mu l t i p l i c a t i v e
glUseProgram prog2

190 g lBeg in GL QUADS
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mapM ( edge (0 , f r omInteg ra l w) ( y1 , y0 ) ) es
glEnd

e l s e do
g lD i s ab l e GL BLEND

195 glUseProgram prog
quad ( x0 , x1 ) (h ∗1 . 5 , 0)
g lEnable GL BLEND
glBlendFunc GL DST COLOR GL ZERO −− mu l t i p l i c a t i v e
glUseProgram prog2

200 g lBeg in GL QUADS
mapM ( edge ( x0 , x1 ) (h ∗1 . 5 , 0) ) es
glEnd

where
v vx vy tx ty = glTexCoord2f tx ty >> g lVer t ex2 f vx vy

205 quad ( x0 , x1 ) ( y0 , y1 ) = do
glBeg in GL QUADS
v (−1) (−1) x0 y0
v (−1) 1 x0 y1
v 1 1 x1 y1

210 v 1 (−1) x1 y0
glEnd

edge ( x0 , x1 ) ( y0 , y1 ) ( ( u0 , v0 ) , ( u1 , v1 ) ) = do
l e t p0 = ( u0+1 − x0 ) / ( x1 − x0 ) ∗ 2 − 1

q0 = ( ( v0+1) ∗1 .5 − y0 ) / ( y1 − y0 ) ∗ 2 − 1
215 p1 = ( u1+1 − x0 ) / ( x1 − x0 ) ∗ 2 − 1

q1 = ( ( v1+1) ∗1 .5 − y0 ) / ( y1 − y0 ) ∗ 2 − 1
dp ’ = p1 − p0
dq ’ = q1 − q0
d = sq r t (dp ’ ∗ dp ’ + dq ’ ∗ dq ’ ) ∗ ( x1 − x0 )

220 dp = 2 ∗ 0 .09 ∗ ( dq ’ ) / d
dq = 2 ∗ 0 .32 ∗ (−dp ’ ) / d

v ( p0 − dp) ( q0 − dq ) 0 0
v ( p0 + dp) ( q0 + dq ) 0 1
v ( p1 + dp) ( q1 + dq ) 1 1

225 v ( p1 − dp) ( q1 − dq ) 1 0

programLog : : GLuint −> IO St r ing
programLog prog = do

l <− with 0 $ \p −> glGetProgramiv prog GL INFO LOG LENGTH p >> peek p
230 a l l o caByte s ( f r omInteg ra l l ) $ \p −> with 0 $ \q −> do

glGetProgramInfoLog prog ( f r omInteg ra l l ) q p
m <− peek q
peekCStringLen (p , f r omInteg ra l m)

235 shaderLog : : GLuint −> IO St r ing
shaderLog prog = do

l <− with 0 $ \p −> glGetShader iv prog GL INFO LOG LENGTH p >> peek p
a l l o caByte s ( f r omInteg ra l l ) $ \p −> with 0 $ \q −> do

glGetShaderInfoLog prog ( f r omInteg ra l l ) q p
240 m <− peek q

peekCStringLen (p , f r omInteg ra l m)

pngFilename : : Int −> St r ing
pngFilename n = ” ./ v/” ++ ( r ev e r s e . take 8 . (++ repeat ’ 0 ’ ) . r e v e r s e . show ) ⤦

Ç n ++ ” . png”
245

captureToPNG : : S t r ing −> IO ( )
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captureToPNG f = do
l e t s t r i d e = formatStrideForWidth FormatRGB24 videoW
a l l o caByte s ( videoH ∗ s t r i d e ) $ \p −> do

250 g l P i x e l S t o r e i GL PACKROWLENGTH ( f romInteg ra l $ s t r i d e ‘ div ‘ 4)
g lReadPixe l s 0 0 ( f r omInteg ra l videoW) ( f r omInteg ra l videoH ) GL BGRA ⤦

Ç GL UNSIGNED BYTE p
g lP i x e l S t o r e i GL PACKROWLENGTH 0
l e t q = p ‘ plusPtr ‘ ( ( videoH − 1) ∗ s t r i d e )
withImageSurfaceForData q FormatRGB24 videoW videoH (− s t r i d e ) $ \ s −> do

255 surfaceWriteToPNG s f
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