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1 data/colourize.frag

uniform sampler2D de ;
uniform sampler2D i t ;
uniform sampler2D t t ;

5 uniform f l o a t h s h i f t ;
uniform f l o a t h s ca l e ;

f l o a t l i n i n t e r p ( f l o a t x , f l o a t domain low , f l o a t domain hi , f l o a t range low , ⤦
Ç f l o a t range h i ) {

i f ( ( x >= domain low ) && (x <= domain hi ) ) {
10 x = (x − domain low ) / ( domain hi − domain low ) ;

x = range low + x ∗ ( r ange h i − range low ) ;
}
re turn x ;

}
15

f l o a t pvp ad jus t 3 ( f l o a t x ) {
// red
x = l i n i n t e r p (x , 0 . 00 , 0 . 125 , −0.050 , 0 . 090 ) ;
// orange

20 x = l i n i n t e r p (x , 0 . 125 , 0 . 25 , 0 . 090 , 0 . 167 ) ;
// ye l low
x = l i n i n t e r p (x , 0 . 25 , 0 . 375 , 0 . 167 , 0 . 253 ) ;
// cha r t r eu s e
x = l i n i n t e r p (x , 0 . 375 , 0 . 50 , 0 . 253 , 0 . 383 ) ;

25 // green
x = l i n i n t e r p (x , 0 . 50 , 0 . 625 , 0 . 383 , 0 . 500 ) ;
// t e a l
x = l i n i n t e r p (x , 0 . 625 , 0 . 75 , 0 . 500 , 0 . 667 ) ;
// blue

30 x = l i n i n t e r p (x , 0 . 75 , 0 . 875 , 0 . 667 , 0 . 800 ) ;
// purple
x = l i n i n t e r p (x , 0 . 875 , 1 . 00 , 0 . 800 , 0 . 950 ) ;
r e turn (x ) ;

}
35

vec3 hsv2rgb ( f l o a t h , f l o a t s , f l o a t v )
{

f l o a t i , f , p , q , t , r , g , b ;
i f ( s == 0 . 0 ) {

40 // Ignore hue
r = v ;
g = v ;
b = v ;

} e l s e {
45 /∗ Apply phy s i o l o g i c a l mapping : red , yel low , green and blue should

be equ i d i s t an t . ∗/
h = pvp adjus t 3 (h) ;
h = h − f l o o r (h) ;
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h = h ∗ 6 . 0 ;
50 i = f l o o r (h) ;

f = h − i ;
p = v ∗ ( 1 . 0 − s ) ; // The ”low− f l a t ” curve
q = v ∗ ( 1 . 0 − ( s ∗ f ) ) ; // The ” f a l l i n g ” curve
t = v ∗ ( 1 . 0 − ( s ∗ ( 1 . 0 − f ) ) ) ; // The ” r i s i n g ” curve

55 i f ( i < 1 . 0 ) { r = v ; g = t ; b = p ; } e l s e
i f ( i < 2 . 0 ) { r = q ; g = v ; b = p ; } e l s e
i f ( i < 3 . 0 ) { r = p ; g = v ; b = t ; } e l s e
i f ( i < 4 . 0 ) { r = p ; g = q ; b = v ; } e l s e
i f ( i < 5 . 0 ) { r = t ; g = p ; b = v ; } e l s e

60 { r = v ; g = p ; b = q ; }
}
re turn vec3 ( r , g , b ) ;

}

65 void main ( void ) {
f l o a t d = texture2D (de , gl TexCoord [ 0 ] . s t ) . x ;
f l o a t i = texture2D ( i t , gl TexCoord [ 0 ] . s t ) . x ;
f l o a t t = texture2D ( tt , gl TexCoord [ 0 ] . s t ) . x ;
vec4 c = vec4 ( 1 . 0 , 0 . 0 , 0 . 0 , 1 . 0 ) ;

70 i f ( i > 0 . 0 ) {
/∗

f l o a t h = hsca l e ∗ l og ( i ) + h s h i f t ;
h −= f l o o r (h) ;
f l o a t s ;

75 f l o a t v ;
i f ( t > 0 . 0 ) { s = 0 . 2 5 ; } e l s e { s = 0 . 1 5 ; }
i /= 2 . 0 ;
i f ( i − f l o o r ( i ) < 0 . 5 ) { v = 0 . 9 5 ; } e l s e { v = 1 . 0 0 ; }
c . rgb = hsv2rgb (h , s , v ) ;

80 c . rgb ∗= clamp (0 . 5 + 0.25 ∗ l og (d) , 0 . 0 , 1 . 0 ) ;
∗/

c . rgb = vec3 ( clamp (0 . 5 + 0.25 ∗ l og (d) , 0 . 0 , 1 . 0 ) ) ;
}
g l FragCo lor = c ;

85 }
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2 data/icon.png

3 data/merge.frag

uniform sampler2D sheet0 ;
uniform sampler2D sheet1 ;
uniform f l o a t blend ;

5 void main ( ) {
vec2 p = gl TexCoord [ 0 ] . xy ;
g l FragCo lor = mix ( texture2D ( sheet1 , p) , texture2D ( sheet0 , p) , blend ) ;

}

4 data/minimal.frag

uniform sampler2D de ;

uniform vec3 i n t e r i o r ;
uniform vec3 border ;

5 uniform vec3 e x t e r i o r ;

void main ( void ) {
f l o a t d = texture2D (de , gl TexCoord [ 0 ] . s t ) . x ;
vec4 c = vec4 ( i n t e r i o r , 1 . 0 ) ;

10 i f (d > 0 . 0 ) {
f l o a t k = pow( clamp (0 . 5 + 0.25 ∗ l og2 ( 4 . 0 ∗ d) , 0 . 0 , 1 . 0 ) , 2 . 0 ) ;
c . rgb = mix ( border , e x t e r i o r , k ) ;

}
g l FragCo lor = c ;

15 }

5 extra/cache.frag
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uniform sampler2D tex ;

f l o a t l i n i n t e r p ( f l o a t x , f l o a t domain low , f l o a t domain hi , f l o a t range low , ⤦
Ç f l o a t range h i ) {

i f ( ( x >= domain low ) && (x <= domain hi ) ) {
5 x = (x − domain low ) / ( domain hi − domain low ) ;

x = range low + x ∗ ( r ange h i − range low ) ;
}
re turn x ;

}
10

f l o a t pvp ad jus t 3 ( f l o a t x ) {
// red
x = l i n i n t e r p (x , 0 . 00 , 0 . 125 , −0.050 , 0 . 090 ) ;
// orange

15 x = l i n i n t e r p (x , 0 . 125 , 0 . 25 , 0 . 090 , 0 . 167 ) ;
// ye l low
x = l i n i n t e r p (x , 0 . 25 , 0 . 375 , 0 . 167 , 0 . 253 ) ;
// cha r t r eu s e
x = l i n i n t e r p (x , 0 . 375 , 0 . 50 , 0 . 253 , 0 . 383 ) ;

20 // green
x = l i n i n t e r p (x , 0 . 50 , 0 . 625 , 0 . 383 , 0 . 500 ) ;
// t e a l
x = l i n i n t e r p (x , 0 . 625 , 0 . 75 , 0 . 500 , 0 . 667 ) ;
// blue

25 x = l i n i n t e r p (x , 0 . 75 , 0 . 875 , 0 . 667 , 0 . 800 ) ;
// purple
x = l i n i n t e r p (x , 0 . 875 , 1 . 00 , 0 . 800 , 0 . 950 ) ;
r e turn (x ) ;

}
30

vec3 hsv2rgb ( f l o a t h , f l o a t s , f l o a t v )
{

f l o a t i , f , p , q , t , r , g , b ;
i f ( s == 0 . 0 ) {

35 // Ignore hue
r = v ;
g = v ;
b = v ;

} e l s e {
40 /∗ Apply phy s i o l o g i c a l mapping : red , yel low , green and blue should

be equ i d i s t an t . ∗/
h = pvp adjus t 3 (h) ;
h = h − f l o o r (h) ;
h = h ∗ 6 . 0 ;

45 i = f l o o r (h) ;
f = h − i ;
p = v ∗ ( 1 . 0 − s ) ; // The ”low− f l a t ” curve
q = v ∗ ( 1 . 0 − ( s ∗ f ) ) ; // The ” f a l l i n g ” curve
t = v ∗ ( 1 . 0 − ( s ∗ ( 1 . 0 − f ) ) ) ; // The ” r i s i n g ” curve

50 i f ( i < 1 . 0 ) { r = v ; g = t ; b = p ; } e l s e
i f ( i < 2 . 0 ) { r = q ; g = v ; b = p ; } e l s e
i f ( i < 3 . 0 ) { r = p ; g = v ; b = t ; } e l s e
i f ( i < 4 . 0 ) { r = p ; g = q ; b = v ; } e l s e
i f ( i < 5 . 0 ) { r = t ; g = p ; b = v ; } e l s e

55 { r = v ; g = p ; b = q ; }
}
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re turn vec3 ( r , g , b ) ;
}

60 void main ( void ) {
f l o a t n = texture2D ( tex , gl TexCoord [ 0 ] . s t ) . x ;
f l o a t h = n ;
f l o a t s = 1 . 0 ;
f l o a t v = clamp ( 0 . 0 , 1 . 0 , 0 .25 + log (h + 1 . 0 ) ) ;

65 g l FragCo lor = vec4 ( hsv2rgb (h , s , v ) , 1 . 0 ) ;
}

6 extra/CacheView.hs

module CacheView ( c I n i t i a l i z e ) where

import Control . Concurrent ( forkIO )
import Control .Monad ( forM , l i f tM2 , when)

5 import Data . IORef ( IORef , newIORef , readIORef , atomicModifyIORef )
import q u a l i f i e d Data .Map as M
import Data .Map (Map)
import Data .Maybe ( catMaybes , mapMaybe)
import System . Fi lePath ((</>) , dropExtension )

10

import Fore ign ( a l l o ca , peek , nu l lPt r )
import Graphics . Rendering .OpenGL hid ing ( Pos i t ion , S i z e )
import q u a l i f i e d Graphics . Rendering .OpenGL as GL
import Graphics . Rendering .OpenGL .Raw

15 ( glGenFramebuffers , glBindFramebuffer , glFramebufferTexture2D
, gl FRAMEBUFFER, gl COLOR ATTACHMENT0, gl TEXTURE 2D
, glTexImage2D , gl R32F , gl LUMINANCE, gl FLOAT
, gl FALSE , glClampColor , gl CLAMP VERTEX COLOR, gl CLAMP READ COLOR
, gl CLAMP FRAGMENT COLOR )

20 import Graphics . UI . Gtk h id ing ( Region , S i z e )

import Number
import GLUTGtk
import Shader ( shader )

25 import QuadTree ( Child ( . . ) , unsafeName , Quad , Square ( . . ) , square , ch i ld , root , ⤦
Ç outs ide , Region ( . . ) )

−− import T i l e ( rootSquare )
import U t i l s ( g e tF i l e sRe cu r s i v e )

import Pa th s g ru f f ( getDataFileName )
30

rootSquare : : Square
rootSquare = Square{ squareS i z e = 8 , squareWest = −4 , squareNorth = −4 }

names : : Map Char [ Child ]
35 names = M. fromList names1 ‘M. union ‘ M. f romList names2

where
names1 = [ ( unsafeName [ i ] , [ i ] ) | i <− [ minBound . . maxBound ] ]
names2 = [ ( unsafeName [ i , j ] , [ i , j ] ) | i <− [ minBound . . maxBound ] , j <− [⤦

Ç minBound . . maxBound ] ]

40 fromPath : : ( [ Fi lePath ] , Fi lePath ) −> Maybe [ Child ]
fromPath ( ps , f ) =

l e t s = concat ps ++ dropExtension f

7
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p = concat $ mapMaybe ( ‘M. lookup ‘ names ) s
in i f a l l ( ‘M.member ‘ names ) s then Just p e l s e Nothing

45

cDisp lay : : IORef GruffCache −> IO ( )
cDisp lay cR = do

c <− readIORef cR
l e t S i z e w h = cS i z e c

50 TextureObject tex = cTex c
when ( cRecalc c ) $ do

viewport $= (GL. Pos i t i on 0 0 , GL. S i z e ( f r omInteg ra l w) ( f r omInteg ra l h ) )
l o ad Id en t i t y
ortho2D 0 ( f r omInteg ra l w) ( f r omInteg ra l h) 0

55 withFBO (cFBO c ) tex $ do
c l e a rCo l o r $= Color4 0 0 0 1
c l e a r [ Co lorBuf f e r ]
l e t toPixe l ’ = toP ixe l c

qs = cQuads c
60 zm = fromInteg ra l . snd . head $ qs

withBlend (One , One) $ r ende rPr imi t i v e Quads $ forM qs $ \(q , z ) −> do
l e t sq = square rootSquare q

s = squareS i z e sq ‘max ‘ cSquareS ize c
( x0 , y0 ) = toPixe l ’ ( squareWest sq ) ( squareNorth sq )

65 ( x1 , y1 ) = toPixe l ’ ( squareWest sq + s ) ( squareNorth sq + s )
v x y = vertex $ Vertex2 ( fromRational x : : GLdouble ) ( fromRational ⤦

Ç y : : GLdouble )
k = f romInteg ra l z / zm : : GLdouble

c o l o r $ Color3 k k k
v x0 y1 >> v x0 y0 >> v x1 y0 >> v x1 y1

70 atomicModifyIORef cR $ \c ’ −> ( c ’{ cRecalc = Fal se } , ( ) )
−− draw texture
l o ad Id en t i t y
ortho2D 0 1 1 0
textureBind ing Texture2D $= Just ( cTex c )

75 currentProgram $= Just ( cProg c )
l t <− GL. get $ uni formLocat ion ( cProg c ) ” tex ”
uniform l t $= TexCoord1 (0 : : GLint )
r ende rPr imi t i v e Quads $ do

l e t S i z e tw th = cTexSize c
80 l e t tx = f romInteg ra l w / f romInteg ra l tw

ty = f romInteg ra l h / f r omInteg ra l th
v : : GLdouble −> GLdouble −> IO ( )
v x y = do

texCoord $ TexCoord2 ( tx ∗ x ) ( ty ∗ (1−y ) )
85 ver tex $ Vertex2 x y

v 0 1 >> v 0 0 >> v 1 0 >> v 1 1
currentProgram $= Nothing
textureBind ing Texture2D $= Nothing

90 withFBO : : GLuint −> GLuint −> IO ( ) −> IO ( )
withFBO fbo tex act = do

glBindFramebuffer gl FRAMEBUFFER fbo
glFramebufferTexture2D gl FRAMEBUFFER gl COLOR ATTACHMENT0 gl TEXTURE 2D tex 0
act

95 glFramebufferTexture2D gl FRAMEBUFFER gl COLOR ATTACHMENT0 gl TEXTURE 2D 0 0
glBindFramebuffer gl FRAMEBUFFER 0

withBlend : : ( BlendingFactor , BlendingFactor ) −> IO a −> IO a

8
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withBlend bf act = do
100 ob <− GL. get blend

obf <− GL. get blendFunc
blend $= Enabled
blendFunc $= bf
r <− act

105 blendFunc $= obf
blend $= ob
return r

data GruffCache = GruffCache
110 { cS i z e : : S i z e

, cCenter : : ( Rational , Rat iona l )
, cLeve l : : Int
, cCacheDir : : Fi lePath
, cGL : : GLUTGtk

115 , cProg : : Program
, cTex : : TextureObject
, cTexSize : : S i z e
, cFBO : : GLuint
, cRecalc : : Bool

120 , cQTree : : QTree In t eg e r
}

f romPixe l : : GruffCache −> Int −> Int −> ( Rational , Rat iona l )
f romPixe l c x y = (x ’ , y ’ )

125 where
S i z e w h = cS i z e c
a = f romInteg ra l w / f romInteg ra l h
( cx , cy ) = cCenter c
r = 8 / 2 ˆ cLeve l c ∗ f r omInteg ra l h / (2 ∗ f r omInteg ra l t i l e S i z e )

130 x ’ = cx + r ∗ ( f r omInteg ra l x / f r omInteg ra l w − 0 . 5 ) ∗ a
y ’ = cy + r ∗ ( f r omInteg ra l y / f r omInteg ra l h − 0 . 5 )

t oP ixe l : : GruffCache −> Rat iona l −> Rat iona l −> ( Rational , Rat iona l )
t oP ixe l c = f

135 where
f x y = {−# SCC ” toPixe l ’ ” #−} (x ’ , y ’ )

where
x ’ = ( ( x − cx ) / r ’ + 0 . 5 ) ∗ w’
y ’ = ( ( y − cy ) / r + 0 . 5 ) ∗ h ’

140 S i z e w h = cS i z e c
w’ = f romInteg ra l w
h ’ = f romInteg ra l h
a = w’ / h ’
( cx , cy ) = cCenter c

145 r = 8 / 2 ˆ cLeve l c ∗ h ’ / (2 ∗ f r omInteg ra l t i l e S i z e )
r ’ = a ∗ r

t i l e S i z e : : Int
t i l e S i z e = 256

150

cRea l i z e : : IORef GruffCache −> IO ( )
cRea l i z e cR = do

f <− getDataFileName ” cache . f r a g ”
prog <− shader Nothing ( Just f )

155 drawBuffer $= BackBuffers

9
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glClampColor gl CLAMP VERTEX COLOR gl FALSE
glClampColor gl CLAMP READ COLOR gl FALSE
glClampColor gl CLAMP FRAGMENT COLOR gl FALSE
[ tex ] <− genObjectNames 1

160 t ex ture Texture2D $= Enabled
textureBind ing Texture2D $= Just tex
t e x t u r eF i l t e r Texture2D $= (( Nearest , Nothing ) , Nearest )
textureWrapMode Texture2D S $= (Repeated , ClampToEdge)
textureWrapMode Texture2D T $= (Repeated , ClampToEdge)

165 textureBind ing Texture2D $= Nothing
tex ture Texture2D $= Disabled
fbo <− a l l o c a $ \p −> glGenFramebuffers 1 p >> peek p
atomicModifyIORef cR $ \c −> ( c{ cProg = prog , cFBO = fbo , cTex = tex } , ( ) )
c <− readIORef cR

170 cReshape cR ( cS i z e c )

cSquareS ize : : GruffCache −> Rat iona l
cSquareS ize c = squareS i z e rootSquare / 2 ˆ cLeve l c / (2 ∗ f r omInteg ra l ⤦

Ç t i l e S i z e )

175 c I n i t i a l i z e : : GLUTGtk −> Pixbuf −> Fi lePath
−> IO ( Window

, Maybe R −> Maybe R −> Maybe R −> IO ( )
, IO ( ) −> IO ( )
)

180 c I n i t i a l i z e gl ’ i con cacheDir ’ = do
−− image window
cw <− windowNew
l e t S i z e defW defH = de f S i z e
windowSetDefaultSize cw defW defH

185 s e t cw
[ containerBorderWidth := 0
, conta ine rCh i ld := widget gl ’
, windowIcon := Just i con
, windowTitle := ” g r u f f cache ”

190 ]
cR <− newIORef GruffCache

{ cCenter = (0 , 0)
, cLeve l = 0
, cS i z e = de f S i z e

195 , cQTree = QTree 0 Nothing Nothing Nothing Nothing
, cCacheDir = cacheDir ’
, cGL = gl ’
, cProg = undef ined
, cFBO = 0

200 , cTex = TextureObject 0
, cTexSize = roundUpSize d e f S i z e
, cRecalc = False
}

r e a l i z eCa l l b a c k gl ’ $= cRea l i z e cR
205 reshapeCal lback gl ’ $= cReshape cR

d i sp layCa l lback gl ’ $= cDisp lay cR
keyboardMouseCallback gl ’ $= cMouse cR
l e t cUpdateCoords mre mim mz = do

case mz o f
210 Just z | z > 0 −> atomicModifyIORef cR $ \ s −>

( s { cLeve l = max 0 . f l o o r . negate . logBase 2 $ z } , ( ) )

10
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−> re turn ( )
case l i f tM2 ( , ) mre mim of

Just ( r , i ) −> atomicModifyIORef cR $ \ s −>
215 ( s { cCenter = ( toRat ional ’ ( cLeve l s ) r , negate $ toRat ional ’ (⤦

Ç cLeve l s ) i ) } , ( ) )
Nothing −> re turn ( )

cUpdate cR True
c I n i t i a l i z e L a t e aExit = do

<− cw ‘ onDestroy ‘ aExit
220 <− forkIO $ cRescan cR

return ( )
re turn (cw , cUpdateCoords , c I n i t i a l i z e L a t e )

cRescan : : IORef GruffCache −> IO ( )
225 cRescan cR = do

c ’ <− readIORef cR
f s <− g e tF i l e sRe cu r s i v e ( cCacheDir c ’ </> ” . ” )
l e t q = depthQ . treeQ . mapMaybe fromPath $ f s
atomicModifyIORef cR $ \c −> ( c{ cQTree = q } , ( ) )

230 postGUISync ( cUpdate cR True )

d e f S i z e : : S i z e
d e f S i z e = S i z e 320 200

235 cUpdate : : IORef GruffCache −> Bool −> IO ( )
cUpdate cR rec = do

c ’ <− readIORef cR
atomicModifyIORef cR $ \c −> ( c{ cRecalc = cRecalc c | | r e c } , ( ) )
postRedi sp lay (cGL c ’ )

240

cReshape : : IORef GruffCache −> S i z e −> IO ( )
cReshape iR s i z e ’ = do

c <− readIORef iR
l e t t s i ze@ ( S i z e tw th ) = roundUpSize s i z e ’

245 textureBind ing Texture2D $= Just ( cTex c )
glTexImage2D gl TEXTURE 2D 0 ( f r omInteg ra l gl R32F )

( f r omInteg ra l tw) ( f r omInteg ra l th ) 0 gl LUMINANCE gl FLOAT nu l lPt r
textureBind ing Texture2D $= Nothing
atomicModifyIORef iR $ \ s −> ( s { cS i z e = s i z e ’ , cTexSize = t s i z e } , ( ) )

250 cUpdate iR True

cMouse : : IORef GruffCache −> Key −> KeyState −> [ Mod i f i e r ] −> Pos i t i on −> IO ( )
cMouse sR (MouseButton LeftButton ) Down ( Pos i t i on x y ) = do

atomicModifyIORef sR $ \ s −> l e t l e v e l ’ = ( cLeve l s + 1) in
255 ( s { cCenter = fromPixe l s ( round x ) ( round y ) , cLeve l = l e v e l ’ }

, ( ) )
cUpdate sR True

cMouse sR (MouseButton MiddleButton ) Down ( Pos i t i on x y ) = do
atomicModifyIORef sR $ \ s −>

260 ( s { cCenter = fromPixe l s ( round x ) ( round y ) }
, ( ) )

cUpdate sR True
cMouse sR (MouseButton RightButton ) Down ( Pos i t i on x y ) = do

atomicModifyIORef sR $ \ s −> l e t l e v e l ’ = ( cLeve l s − 1) ‘max ‘ 0 in
265 ( s { cCenter = fromPixe l s ( round x ) ( round y ) , cLeve l = l e v e l ’ }

, ( ) )
cUpdate sR True

11
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cMouse = return ( )

270 roundUpSize : : S i z e −> S i z e
roundUpSize ( S i z e w h) = S i z e ( roundUp w) ( roundUp h)

roundUp : : Int −> Int
roundUp x = head . f i l t e r (>= x) . i t e r a t e (2∗ ) $ 1

275

data QTree a = QTree a (Maybe (QTree a ) ) (Maybe (QTree a ) ) (Maybe (QTree a ) ) (⤦
Ç Maybe (QTree a ) )

payloadQ : : QTree a −> a
payloadQ (QTree w ) = w

280

chi ldQ : : Child −> QTree a −> Maybe (QTree a )
chi ldQ NorthWest (QTree a ) = a
childQ NorthEast (QTree b ) = b
childQ SouthWest (QTree c ) = c

285 chi ldQ SouthEast (QTree d) = d

emptyQ : : QTree Bool
emptyQ = QTree Fa l se Nothing Nothing Nothing Nothing

290 inser tQ : : [ Child ] −> QTree Bool −> QTree Bool
inser tQ [ ] (QTree a b c d) = QTree True a b c d
inser tQ (x : xs ) (QTree w a b c d) = case x o f

NorthWest −> case a o f
Nothing −> QTree w ( Just $ inser tQ xs emptyQ) b c d

295 Just a ’ −> QTree w ( Just $ inser tQ xs a ’ ) b c d
NorthEast −> case b o f

Nothing −> QTree w a ( Just $ inser tQ xs emptyQ) c d
Just b ’ −> QTree w a ( Just $ inser tQ xs b ’ ) c d

SouthWest −> case c o f
300 Nothing −> QTree w a b ( Just $ inser tQ xs emptyQ) d

Just c ’ −> QTree w a b ( Just $ inser tQ xs c ’ ) d
SouthEast −> case d o f

Nothing −> QTree w a b c ( Just $ inser tQ xs emptyQ)
Just d ’ −> QTree w a b c ( Just $ inser tQ xs d ’ )

305

treeQ : : [ [ Child ] ] −> QTree Bool
treeQ = f o l d r inser tQ emptyQ

{−
310 s izeQ : : QTree Bool −> QTree In t eg e r

s izeQ (QTree w a b c d) = QTree n a ’ b ’ c ’ d ’
where

s@ [ a ’ , b ’ , c ’ , d ’ ] = fmap sizeQ ‘map‘ [ a , b , c , d ]
n = ( i f w then 1 e l s e 0) + (sum . map payloadQ . catMaybes ) s

315 −}

depthQ : : QTree a −> QTree In t eg e r
depthQ = depthQ ’ 0

where
320 depthQ ’ n (QTree Nothing Nothing Nothing Nothing ) = QTree n Nothing ⤦

Ç Nothing Nothing Nothing
depthQ ’ n (QTree a b c d) = QTree m a ’ b ’ c ’ d ’

where

12
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s@ [ a ’ , b ’ , c ’ , d ’ ] = fmap (depthQ ’ (n + 1) ) ‘map ‘ [ a , b , c , d ]
m = maximum . map payloadQ . catMaybes $ s

325

pruneQ : : Int −> QTree a −> QTree a
pruneQ 0 (QTree w ) = QTree w Nothing Nothing Nothing Nothing
pruneQ n (QTree w a b c d) = QTree w a ’ b ’ c ’ d ’

where
330 [ a ’ , b ’ , c ’ , d ’ ] = fmap (pruneQ (n − 1) ) ‘map ‘ [ a , b , c , d ]

cQuads : : GruffCache −> [ ( Quad , In t eg e r ) ]
cQuads c = map ( fmap payloadQ ) . concat . quadsQ view . pruneQ ( cLeve l c + 12) .⤦

Ç cQTree $ c
where

335 S i z e w h = cS i z e c
( (bw, bn) , ( be , bs ) ) =

( fromPixe l c 0 0
, f romPixe l c ( f r omInteg ra l w) ( f r omInteg ra l h) )

view = Region
340 { regionWest = bw, reg ionNorth = bn

, reg ionEast = be , reg ionSouth = bs }

quadsQ : : Region −> QTree a −> [ [ ( Quad , QTree a ) ] ]
quadsQ view q = takeWhile ( not . nu l l ) . i t e r a t e ( f i l t e r keep . ch i ld r en ’ ) $ [ (⤦

Ç root , q ) ]
345 where

keep = not . ou t s id e view . square rootSquare . f s t
ch i ld r en ’ = catMaybes . l i f tM2 ch i ld ’ [ minBound . . maxBound ]
ch i ld ’ c ( quad , q t r e e ) = ( , ) ( c h i l d c quad ) ‘ fmap ‘ chi ldQ c qt r e e

7 extra/combine.frag

uniform sampler2D red ;
uniform sampler2D green ;
uniform sampler2D blue ;

5 void main ( void ) {
f l o a t r = texture2D ( red , gl TexCoord [ 0 ] . s t ) . x ;
f l o a t g = texture2D ( green , gl TexCoord [ 0 ] . s t ) . x ;
f l o a t b = texture2D ( blue , gl TexCoord [ 0 ] . s t ) . x ;
g l FragCo lor = vec4 ( r , g , b , 1 . 0 ) ;

10 }

8 extra/compute.cc

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

5 #inc lude <qd/ fpu . h>
#inc lude <qd/ dd r ea l . h>
#inc lude <qd/ dd i n l i n e . h>
#inc lude <qd/ qd r ea l . h>
#inc lude <qd/ qd i n l i n e . h>

10

#inc lude <new>
us ing namespace std ;

13
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#i f d e f HAVEMPFR
15 #inc lude ”mp real . h”

#end i f

#de f i n e l i k e l y (x ) b u i l t i n e x p e c t ( ( x ) ,1 )
#de f i n e un l i k e l y ( x ) b u i l t i n e x p e c t ( ( x ) ,0 )

20

s t a t i c i n l i n e f l o a t t o f l o a t ( f l o a t x ) { re turn x ; }
s t a t i c i n l i n e f l o a t t o f l o a t ( double x ) { re turn x ; }
s t a t i c i n l i n e f l o a t t o f l o a t ( dd r ea l x ) { re turn to doub le ( x ) ; }
s t a t i c i n l i n e f l o a t t o f l o a t ( qd r e a l x ) { re turn to doub le ( x ) ; }

25

s t a t i c i n l i n e f l o a t sqr ( f l o a t x ) { re turn x ∗ x ; }
s t a t i c i n l i n e double sqr ( double x ) { re turn x ∗ x ; }

template <typename T>
30 s t r u c t i t e r {

T zx , zy , dx , dy ; i n t 3 2 t n ; i n t 1 6 t i , j ;
} ;

template <typename T>
35 s t a t i c i n t compute ( i n t ∗ stop , f l o a t ∗out n , f l o a t ∗out d , f l o a t ∗out a , T in cx ,⤦

Ç T in cy , i n t i n l e v e l , i n t i n i t e r s ) {
unsigned i n t fpu ;
f p u f i x s t a r t (&fpu ) ;
s t r u c t i t e r<T> ∗ i t e r s [ 2 ] ;
i t e r s [ 0 ] = new ( nothrow ) i t e r<T>[256 ∗ 2 5 6 ] ;

40 i t e r s [ 1 ] = new ( nothrow ) i t e r<T>[256 ∗ 2 5 6 ] ;
i n t a c t i v e [ 2 ] ;
a c t i v e [ 0 ] = 0 ;
a c t i v e [ 1 ] = 0 ;
i n t from = 0 ;

45 i n t to = 1 ;
i n t max i t e r s = −1;
{ /∗ i n i t i a l i z e border ∗/

s t r u c t i t e r<T> ∗ i t = i t e r s [ from ] ;
i n t n = ac t i v e [ from ] ;

50 { /∗ co rne r s ∗/
i t −>zx = i t −>zy = i t −>dx = i t −>dy = i t −>n = 0 ; i t −> i = 0 ; i t −> j = 0 ; ⤦

Ç out n [256 ∗ ( ( i n t ) i t −> j ) + i t −> i ] = −1; i t++; n++;
i t −>zx = i t −>zy = i t −>dx = i t −>dy = i t −>n = 0 ; i t −> i = 255 ; i t −> j = 0 ; ⤦

Ç out n [256 ∗ ( ( i n t ) i t −> j ) + i t −> i ] = −1; i t++; n++;
i t −>zx = i t −>zy = i t −>dx = i t −>dy = i t −>n = 0 ; i t −> i = 0 ; i t −> j = 255 ; ⤦

Ç out n [256 ∗ ( ( i n t ) i t −> j ) + i t −> i ] = −1; i t++; n++;
i t −>zx = i t −>zy = i t −>dx = i t −>dy = i t −>n = 0 ; i t −> i = 255 ; i t −> j = 255 ; ⤦

Ç out n [256 ∗ ( ( i n t ) i t −> j ) + i t −> i ] = −1; i t++; n++;
55 }

f o r ( i n t i = 1 ; i < 255 ; ++i ) { /∗ edges ∗/
i t −>zx = i t −>zy = i t −>dx = i t −>dy = i t −>n = 0 ; i t −> i = 0 ; i t −> j = i ; ⤦

Ç out n [256 ∗ ( ( i n t ) i t −> j ) + i t −> i ] = −1; i t++; n++;
i t −>zx = i t −>zy = i t −>dx = i t −>dy = i t −>n = 0 ; i t −> i = 255 ; i t −> j = i ; ⤦

Ç out n [256 ∗ ( ( i n t ) i t −> j ) + i t −> i ] = −1; i t++; n++;
i t −>zx = i t −>zy = i t −>dx = i t −>dy = i t −>n = 0 ; i t −> i = i ; i t −> j = 0 ; ⤦

Ç out n [256 ∗ ( ( i n t ) i t −> j ) + i t −> i ] = −1; i t++; n++;
60 i t −>zx = i t −>zy = i t −>dx = i t −>dy = i t −>n = 0 ; i t −> i = i ; i t −> j = 255 ; ⤦

Ç out n [256 ∗ ( ( i n t ) i t −> j ) + i t −> i ] = −1; i t++; n++;

14
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}
a c t i v e [ from ] = n ;

}
const T s c a l e = T( 1 . 0 ) / (T( 3 2 . 0 ) ∗ pow(T( 2 . 0 ) , T( i n l e v e l ) ) ) ;

65 i n t p rog r e s s = 1 ;
i n t p rog re s s2 = 1 ;
i n t progre s s ed = 0 ;
i n t m in i t e r s = 0 ;
i n t s t e p i t e r s = 64 ;

70 i n t r e t v a l = 0 ;
whi l e ( a c t i v e [ from ] && ( progre s s ed ? prog re s s2 : 1) && s t e p i t e r s < i n i t e r s ) ⤦

Ç {
progr e s s2 = 0 ;
p rog r e s s = 1 ;
whi l e ( p rog r e s s ) {

75 prog r e s s = 0 ;
i n t o = 0 ;
f o r ( i n t i = 0 ; i < a c t i v e [ from ] ; ++i ) {

i f (∗ stop ) { goto cleanup ; }
T zx = i t e r s [ from ] [ i ] . zx ;

80 T zy = i t e r s [ from ] [ i ] . zy ;
T dx = i t e r s [ from ] [ i ] . dx ;
T dy = i t e r s [ from ] [ i ] . dy ;
T cx = in cx + s c a l e ∗ i t e r s [ from ] [ i ] . i ;
T cy = in cy + s c a l e ∗ i t e r s [ from ] [ i ] . j ;

85 i n t 3 2 t n = i t e r s [ from ] [ i ] . n ;
{ /∗ i t e r a t e ∗/

const T er2 = 65536;
T zx2 = sqr ( zx ) ;
T zy2 = sqr ( zy ) ;

90 T z2 = zx2 + zy2 ;
T z2xy = 2 ∗ zx ∗ zy ;
whi l e ( l i k e l y (n < s t e p i t e r s && z2 < er2 ) ) {

T zdzx = zx ∗ dx − zy ∗ dy ;
T zdzy = zx ∗ dy + zy ∗ dx ;

95 dx = 2 ∗ zdzx + 1 ;
dy = 2 ∗ zdzy ;
zx = zx2 − zy2 + cx ;
zy = z2xy + cy ;
zx2 = sqr ( zx ) ;

100 zy2 = sqr ( zy ) ;
z2xy = 2 ∗ zx ∗ zy ;
z2 = zx2 + zy2 ;
++n ;

}
105 i f ( ! ( z2 < er2 ) ) {

i n t k = ( ( i n t ) i t e r s [ from ] [ i ] . j ) ∗ 256 + i t e r s [ from ] [ i ] . i ;
out n [ k ] = t o f l o a t (1 + n − l og ( l og ( z2 ) / log ( er2 ) ) / l og ( 2 . 0 ) ) ;
out d [ k ] = t o f l o a t ( ( l og ( z2 ) ∗ s q r t ( z2 / ( sqr ( dx ) + sqr (dy ) ) ) ) / ⤦

Ç s c a l e ) ;
out a [ k ] = t o f l o a t ( atan2 ( zy , zx ) ) ;

110 f o r ( i n t x = i t e r s [ from ] [ i ] . i − 1 ; x <= i t e r s [ from ] [ i ] . i + 1 ; ++x) {
i f ( x < 0 | | 255 < x ) cont inue ;
f o r ( i n t y = i t e r s [ from ] [ i ] . j − 1 ; y <= i t e r s [ from ] [ i ] . j + 1 ; ++y)⤦

Ç {
i f ( y < 0 | | 255 < y ) cont inue ;
k = y ∗ 256 + x ;

15
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115 i f ( out n [ k ] == 0) {
i t e r s [ to ] [ o ] . zx = T(0) ;
i t e r s [ to ] [ o ] . zy = T(0) ;
i t e r s [ to ] [ o ] . dx = T(0) ;
i t e r s [ to ] [ o ] . dy = T(0) ;

120 i t e r s [ to ] [ o ] . n = 0 ;
i t e r s [ to ] [ o ] . i = x ;
i t e r s [ to ] [ o ] . j = y ;
out n [ k ] = −1;
++o ;

125 }
}

}
i f ( m in i t e r s < n) m in i t e r s = n ;
i f ( max i t e r s < n) max i t e r s = n ;

130 ++prog r e s s ;
} e l s e {

i t e r s [ to ] [ o ] . zx = zx ;
i t e r s [ to ] [ o ] . zy = zy ;
i t e r s [ to ] [ o ] . dx = dx ;

135 i t e r s [ to ] [ o ] . dy = dy ;
i t e r s [ to ] [ o ] . n = n ;
i t e r s [ to ] [ o ] . i = i t e r s [ from ] [ i ] . i ;
i t e r s [ to ] [ o ] . j = i t e r s [ from ] [ i ] . j ;
++o ;

140 }
}

}
a c t i v e [ to ] = o ;
i n t temp = from ; from = to ; to = temp ;

145 progr e s s2 = progre s s2 | | prog r e s s ;
}
s t e p i t e r s ∗= 2 ;
progre s s ed = progre s s ed | | progr e s s2 ;

}
150 { /∗ d e i n i t i a l i z e border ∗/

i n t k ;
f o r ( i n t i = 0 ; i < 256 ; ++i ) { /∗ edges ∗/

k = 256 ∗ i + 0 ; i f ( out n [ k ] < 0) out n [ k ] = 0 ;
k = 256 ∗ i + 255 ; i f ( out n [ k ] < 0) out n [ k ] = 0 ;

155 k = 256 ∗ 0 + i ; i f ( out n [ k ] < 0) out n [ k ] = 0 ;
k = 256 ∗ 255 + i ; i f ( out n [ k ] < 0) out n [ k ] = 0 ;

}
}
r e t v a l = max i te r s ;

160 cleanup :
d e l e t e [ ] i t e r s [ 0 ] ;
d e l e t e [ ] i t e r s [ 1 ] ;
f p u f i x e nd (&fpu ) ;
r e turn r e t v a l ;

165 }

extern ”C” {
i n t compute f32 ( i n t ∗ stop , f l o a t ∗out n , f l o a t ∗out d , f l o a t ∗out a , f l o a t ⤦

Ç in cx , f l o a t in cy , i n t i n l e v e l , i n t i n i t e r s ) {
re turn compute ( stop , out n , out d , out a , in cx , in cy , i n l e v e l , i n i t e r s ) ;

170 }

16
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i n t compute f64 ( i n t ∗ stop , f l o a t ∗out n , f l o a t ∗out d , f l o a t ∗out a , double ⤦
Ç in cx , double in cy , i n t i n l e v e l , i n t i n i t e r s ) {

re turn compute ( stop , out n , out d , out a , in cx , in cy , i n l e v e l , i n i t e r s ) ;
}
i n t compute f128 ( i n t ∗ stop , f l o a t ∗out n , f l o a t ∗out d , f l o a t ∗out a , double ∗⤦

Ç in cx , double ∗ in cy , i n t i n l e v e l , i n t i n i t e r s ) {
175 re turn compute ( stop , out n , out d , out a , dd r ea l ( i n cx ) , dd r ea l ( i n cy ) , ⤦

Ç i n l e v e l , i n i t e r s ) ;
}
i n t compute f256 ( i n t ∗ stop , f l o a t ∗out n , f l o a t ∗out d , f l o a t ∗out a , double ∗⤦

Ç in cx , double ∗ in cy , i n t i n l e v e l , i n t i n i t e r s ) {
re turn compute ( stop , out n , out d , out a , qd r e a l ( i n cx ) , qd r e a l ( i n cy ) , ⤦

Ç i n l e v e l , i n i t e r s ) ;
}

180 #i f d e f HAVEMPFR
in t compute mpfr ( i n t ∗ stop , f l o a t ∗out n , f l o a t ∗out d , f l o a t ∗out a , const ⤦

Ç char ∗ in cx , const char ∗ in cy , i n t i n l e v e l , i n t i n i t e r s ) {
mpfr prec t p( i n l e v e l + 20) ;
r e turn compute ( stop , out n , out d , out a , mp real ( in cx , p) , mp real ( in cy , ⤦

Ç p) , i n l e v e l , i n i t e r s ) ;
}

185 #end i f
}

9 extra/expblend.frag

uniform sampler2D outer ;
uniform sampler2D inner ;

void main ( void ) {
5 vec2 p = gl TexCoord [ 0 ] . s t ;

vec2 q = 0 .5 ∗ pow (0 . 5 , p . y ) ∗ vec2 ( cos (p . x ) , s i n (p . x ) ) ;
vec4 o = texture2D ( outer , vec2 ( 0 . 5 ) + 0 .5 ∗ q ) ;
vec4 i = texture2D ( inner , vec2 ( 0 . 5 ) + q) ;
g l FragCo lor = mix (o , i , p . y ) ;

10 }

10 extra/Exponential2.hs

module Main (main ) where

import System . Fi lePath ((</>) )
import System . Di rec to ry ( getAppUserDataDirectory )

5 import System . IO
import Control .Monad ( forM , when)
import Data . IORef
import Data . Ratio ((%) )
import Fore ign ( malloc , nu l lPtr , a l l ocaBytes , peek , with , s i zeOf , a l l o ca , Ptr )

10 import Fore ign .C ( CFloat )
import Numeric ( readSigned , readFloat )
import QuadTree
import Shader
import T i l e ( T i l e ( . . ) , ge tT i l e , f r e eT i l e , rootSquare )

15 import Graphics . Rendering .OpenGL hid ing ( Pos i t ion , S i z e )
import q u a l i f i e d Graphics . Rendering .OpenGL as GL
import Graphics . Rendering .OpenGL .Raw

17
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( glGenFramebuffers , glBindFramebuffer , glFramebufferTexture2D , ⤦
Ç glGenerateMipmap

, gl FRAMEBUFFER, gl COLOR ATTACHMENT0, gl TEXTURE 2D
20 , glTexImage2D , gl R32F , gl RGBA32F , gl LUMINANCE, gl FLOAT , gl RGBA , ⤦

Ç gl UNSIGNED BYTE
, gl FALSE , glClampColor , gl CLAMP VERTEX COLOR, gl CLAMP READ COLOR
, gl CLAMP FRAGMENT COLOR )

import q u a l i f i e d Graphics . UI .GLUT as GLUT

25 data E = E{ outer , inne r {− , r e s u l t −} : : TextureObject , qss : : [ [ Quad ] ] , ⤦
Ç f i r s t P a s s : : Bool , combine , b l ender : : Program , fbo : : GLuint , cache : : ⤦
Ç St r ing

, c en t e r : : ( Rational , Rat iona l ) , l e v e l : : Int , outh : : Handle }

t e x t u r e f s = do
[ tex ] <− genObjectNames 1

30 t ex ture Texture2D $= Enabled
textureBind ing Texture2D $= Just tex
glTexImage2D gl TEXTURE 2D 0 ( f r omInteg ra l gl RGBA) s s 0 gl RGBA ⤦

Ç gl UNSIGNED BYTE nu l lPt r
t e x t u r eF i l t e r Texture2D $= (( Linear ’ , Just Linear ’ ) , Linear ’ )
textureWrapMode Texture2D S $= (Repeated , ClampToEdge)

35 textureWrapMode Texture2D T $= (Repeated , ClampToEdge)
textureBind ing Texture2D $= Nothing
tex ture Texture2D $= Disabled
return tex

40 main : : IO ( )
main = do

GLUT. in i t i a lWindowSize $= GL. S i z e 600 66
GLUT. in i t i a lD i sp l ayMode $= [GLUT.RGBAMode, GLUT. DoubleBuffered ]
( , [ s re , sim ] ) <− GLUT. ge tArg sAnd In i t i a l i z e

45 <− GLUT. createWindow ”expo”
glClampColor gl CLAMP VERTEX COLOR gl FALSE
glClampColor gl CLAMP READ COLOR gl FALSE
glClampColor gl CLAMP FRAGMENT COLOR gl FALSE
drawBuffer $= BackBuffers

50 fbo ’ <− a l l o c a $ \p −> glGenFramebuffers 1 p >> peek p
outer ’ <− t e x t u r e f 1024
inner ’ <− t e x t u r e f 1024
−− r e su l t ’ <− t e x t u r e f 1024
combine ’ <− shader Nothing ( Just ” c o l o u r i z e . f r a g ”)

55 blender ’ <− shader Nothing ( Just ” expblend . f r a g ”)
appDir <− getAppUserDataDirectory ” g r u f f ”
l e t cacheDir = appDir </> ” cache ”

rootRegion x y = Region{ regionWest = x − 2 , reg ionEast = x + 2 , ⤦
Ç reg ionNorth = y − 2 , reg ionSouth = y + 2 }

{−
60 [ ( cx0 , ””) ] = readSigned readFloat s r e

[ ( cy0 , ””) ] = readSigned readFloat sim
−}

cx0 = ⤦
Ç ( −32364601166001103844564365902079637747392182522570931442409246143187088808381234723462895856287053192240213)⤦
Ç % ⤦
Ç 18347988927920572092886567162416695526372519913346248989900710715095383008707878464560148424881005492436992⤦
Ç

cy0 = ⤦

18
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Ç 16133655142616935754541850251669053667680644979978590956487946345932070567979398899110977285800633765579⤦
Ç % ⤦
Ç 573374653997517877902705223825521735199141247292070280934397209846730719022121202017504638277531421638656⤦
Ç

65 cente r0 = ( cx0 , cy0 )
t a r g e t = rootRegion cx0 cy0
l e v e l 0 = 3
eqs = equads rootSquare t a r g e t l e v e l 0

outh ’ <− openBinaryFi le ”out . raw” WriteMode
70 eR <− newIORef E{ outer = outer ’ , i nner = inner ’ , {− r e s u l t = r e su l t ’ , −} qss ⤦

Ç = t a i l eqs , f i r s t P a s s = True , combine = combine ’ , b l ender = blender ’ , ⤦
Ç fbo = fbo ’ , c en t e r = center0 , l e v e l = l ev e l 0 , cache = cacheDir , outh = ⤦
Ç outh ’ }

GLUT. d i sp l ayCa l lback $= eRender eR
GLUT. mainLoop

equads sq reg l = quads sq reg l : equads sq ( shr ink reg ) ( l + 1)
75 shr ink r =

l e t x = ( reg ionEast r + regionWest r ) / 2
w = ( reg ionEast r − regionWest r ) / 2
y = ( reg ionSouth r + regionNorth r ) / 2
h = ( reg ionSouth r − reg ionNorth r ) / 2

80 in Region{ regionWest = x − w / 2 , reg ionEast = x + w / 2 , reg ionNorth = y − ⤦
Ç h / 2 , reg ionSouth = y + h / 2 }

eRender eR = do
e <− readIORef eR
l e t qs = head ( qss e )

85 viewport $= (GL. Pos i t i on 0 0 , GL. S i z e 1024 1024)
l o ad Id en t i t y
ortho2D 0 1024 1024 0
withFBO ( fbo e ) ( inner e ) $ do
forM qs $ \q −> do

90 Just t@( T i l e ns ds t s ) <− with 0 $ \p −> g e tT i l e putStrLn ( cache e ) p q
t i t <− upload ns
tde <− upload ds
t t t <− upload t s
f r e eT i l e t

95 currentProgram $= Just ( combine e )
l i t <− get $ uni formLocat ion ( combine e ) ” i t ”
lde <− get $ uni formLocat ion ( combine e ) ”de”
l t t <− get $ uni formLocat ion ( combine e ) ” t t ”
l s h <− get $ uni formLocat ion ( combine e ) ” h s h i f t ”

100 l s c <− get $ uni formLocat ion ( combine e ) ” h s ca l e ”
uniform l i t $= TexCoord1 (0 : : GLint )
uniform lde $= TexCoord1 (1 : : GLint )
uniform l t t $= TexCoord1 (2 : : GLint )
uniform l sh $= TexCoord1 (0 : : GLfloat )

105 uniform l s c $= TexCoord1 ( 0 . 5 : : GLfloat )
act iveTexture $= TextureUnit 0
textureBind ing Texture2D $= Just t i t
ac t iveTexture $= TextureUnit 1
textureBind ing Texture2D $= Just tde

110 act iveTexture $= TextureUnit 2
textureBind ing Texture2D $= Just t t t
r ende rPr imi t i v e Quads $ do

l e t sq = square rootSquare q
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t x y = texCoord $ TexCoord2 (x : : GLdouble ) ( y : : GLdouble )
115 v x y = l e t (x ’ , y ’ ) = toP ixe l e x y

in ver tex $ Vertex2
( fromRational x ’ : : GLdouble )
( fromRational y ’ : : GLdouble )

x0 = squareWest sq
120 x1 = squareWest sq + squareS i z e sq

y0 = squareNorth sq
y1 = squareNorth sq + squareS i z e sq

c o l o r $ Color3 1 1 ( 1 : : GLdouble )
t 0 1 >> v x0 y1

125 t 0 0 >> v x0 y0
t 1 0 >> v x1 y0
t 1 1 >> v x1 y1

textureBind ing Texture2D $= Nothing
act iveTexture $= TextureUnit 1

130 textureBind ing Texture2D $= Nothing
act iveTexture $= TextureUnit 0
textureBind ing Texture2D $= Nothing
currentProgram $= Nothing
deleteObjectNames [ t i t , tde , t t t ]

135 textureBind ing Texture2D $= Just ( inner e )
glGenerateMipmap gl TEXTURE 2D
textureBind ing Texture2D $= Nothing
when ( not ( f i r s t P a s s e ) ) $ do

viewport $= (GL. Pos i t i on 0 0 , GL. S i z e 600 66)
140 l o ad Id en t i t y

ortho2D 0 1 0 1
do

currentProgram $= Just ( b lender e )
l o <− get $ uni formLocat ion ( b lender e ) ” outer ”

145 l i <− get $ uni formLocat ion ( b lender e ) ” inner ”
uniform lo $= TexCoord1 (0 : : GLint )
uniform l i $= TexCoord1 (1 : : GLint )
act iveTexture $= TextureUnit 0
textureBind ing Texture2D $= Just ( outer e )

150 act iveTexture $= TextureUnit 1
textureBind ing Texture2D $= Just ( inner e )
l e t t x y = texCoord $ TexCoord2 (x : : GLdouble ) ( y : : GLdouble )

v x y = vertex $ Vertex2 (x : : GLdouble ) ( y : : GLdouble )
r ende rPr imi t i v e Quads $ do

155 c o l o r $ Color3 1 1 ( 1 : : GLdouble )
t 0 1 >> v 0 1
t 0 0 >> v 0 0
t (2 ∗ pi ) 0 >> v 1 0
t (2 ∗ pi ) 1 >> v 1 1

160 textureBind ing Texture2D $= Nothing
act iveTexture $= TextureUnit 0
textureBind ing Texture2D $= Nothing
currentProgram $= Nothing
l e t bytes = 600 ∗ 66 ∗ 3

165 a l l o caByte s bytes $ \ptr −> do
r eadP ixe l s (GL. Pos i t i on 0 0) (GL. S i z e 600 66) $ PixelData RGB ⤦

Ç UnsignedByte ptr
hPutBuf ( outh e ) ptr bytes
hFlush ( outh e )

atomicModifyIORef eR $ \e ’ −> ( e ’ { outer = inner e ’ , i nne r = outer e ’ , qs s = ⤦
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Ç t a i l ( qss e ’ ) , f i r s t P a s s = False , l e v e l = l e v e l e + 1 } , ( ) )
170 GLUT. swapBuffers

GLUT. r epo r tEr ro r s
GLUT. postRedi sp lay Nothing

withFBO : : GLuint −> TextureObject −> IO a −> IO a
175 withFBO fbo ( TextureObject tex ) act = do

glBindFramebuffer gl FRAMEBUFFER fbo
glFramebufferTexture2D gl FRAMEBUFFER gl COLOR ATTACHMENT0 gl TEXTURE 2D tex 0
r <− act
glFramebufferTexture2D gl FRAMEBUFFER gl COLOR ATTACHMENT0 gl TEXTURE 2D 0 0

180 glBindFramebuffer gl FRAMEBUFFER 0
return r

t oP ixe l : : E −> Rat iona l −> Rat iona l −> ( Rational , Rat iona l )
t oP ixe l e = f

185 where
f x y = (x ’ , y ’ )

where
x ’ = ( ( x − cx ) / r ’ + 0 . 5 ) ∗ w’
y ’ = ( ( y − cy ) / r + 0 . 5 ) ∗ h ’

190 w’ = 1024
h ’ = 1024
a = w’ / h ’
( cx , cy ) = cente r e
r = 8 / 2 ˆ l e v e l e ∗ h ’ / (2 ∗ 256)

195 r ’ = a ∗ r

upload : : Ptr CFloat −> IO TextureObject
upload p = do

[ tex ] <− genObjectNames 1
200 t ex ture Texture2D $= Enabled

textureBind ing Texture2D $= Just tex
glTexImage2D gl TEXTURE 2D 0 ( f r omInteg ra l gl R32F ) 256 256 0 gl LUMINANCE ⤦

Ç gl FLOAT p
t e x t u r eF i l t e r Texture2D $= (( Nearest , Nothing ) , Nearest )
textureWrapMode Texture2D S $= (Repeated , ClampToEdge)

205 textureWrapMode Texture2D T $= (Repeated , ClampToEdge)
textureBind ing Texture2D $= Nothing
tex ture Texture2D $= Disabled
return tex

11 extra/Exponential.hs

module Main (main ) where

import System . Fi lePath ((</>) )
import System . Di rec to ry ( getAppUserDataDirectory )

5 import System . IO
import Control .Monad ( forM , when)
import Data . IORef
import Fore ign ( malloc , nu l lPtr , a l l ocaBytes , peek , with , s i zeOf , a l l o ca , Ptr )
import Fore ign .C ( CFloat )

10 import Numeric ( readSigned , readFloat )
import QuadTree
import Shader
import T i l e ( T i l e ( . . ) , ge tT i l e , f r e eT i l e , rootSquare )
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import Graphics . Rendering .OpenGL hid ing ( Pos i t ion , S i z e )
15 import q u a l i f i e d Graphics . Rendering .OpenGL as GL

import Graphics . Rendering .OpenGL .Raw
( glGenFramebuffers , glBindFramebuffer , glFramebufferTexture2D , ⤦

Ç glGenerateMipmap
, gl FRAMEBUFFER, gl COLOR ATTACHMENT0, gl TEXTURE 2D
, glTexImage2D , gl R32F , gl RGBA32F , gl LUMINANCE, gl FLOAT , gl RGBA , ⤦

Ç gl UNSIGNED BYTE
20 , gl FALSE , glClampColor , gl CLAMP VERTEX COLOR, gl CLAMP READ COLOR

, gl CLAMP FRAGMENT COLOR )
import q u a l i f i e d Graphics . UI .GLUT as GLUT

data E = E{ outer , inner , r e s u l t : : TextureObject , qss : : [ [ Quad ] ] , f i r s t P a s s : :⤦
Ç Bool , combine , b l ender : : Program , fbo : : GLuint , cache : : S t r ing

25 , c en t e r : : ( Rational , Rat iona l ) , l e v e l : : Int , outh : : Handle }

t e x t u r e f s = do
[ tex ] <− genObjectNames 1
tex ture Texture2D $= Enabled

30 textureBind ing Texture2D $= Just tex
glTexImage2D gl TEXTURE 2D 0 ( f r omInteg ra l gl RGBA) s s 0 gl RGBA ⤦

Ç gl UNSIGNED BYTE nu l lPt r
t e x t u r eF i l t e r Texture2D $= (( Linear ’ , Just Linear ’ ) , Linear ’ )
textureWrapMode Texture2D S $= (Repeated , ClampToEdge)
textureWrapMode Texture2D T $= (Repeated , ClampToEdge)

35 textureBind ing Texture2D $= Nothing
tex ture Texture2D $= Disabled
return tex

main : : IO ( )
40 main = do

GLUT. in i t i a lWindowSize $= GL. S i z e 400 44
GLUT. in i t i a lD i sp l ayMode $= [GLUT.RGBAMode, GLUT. DoubleBuffered ]
( , [ s re , sim ] ) <− GLUT. ge tArg sAnd In i t i a l i z e

<− GLUT. createWindow ”expo”
45 glClampColor gl CLAMP VERTEX COLOR gl FALSE

glClampColor gl CLAMP READ COLOR gl FALSE
glClampColor gl CLAMP FRAGMENT COLOR gl FALSE
drawBuffer $= BackBuffers
fbo ’ <− a l l o c a $ \p −> glGenFramebuffers 1 p >> peek p

50 outer ’ <− t e x t u r e f 256
inner ’ <− t e x t u r e f 256
r e su l t ’ <− t e x t u r e f 512
combine ’ <− shader Nothing ( Just ” c o l o u r i z e . f r a g ”)
blender ’ <− shader Nothing ( Just ” expblend . f r a g ”)

55 appDir <− getAppUserDataDirectory ” g r u f f ”
l e t cacheDir = appDir </> ” cache ”

rootRegion x y = Region{ regionWest = x − 2 , reg ionEast = x + 2 , ⤦
Ç reg ionNorth = y − 2 , reg ionSouth = y + 2 }

[ ( cx0 , ””) ] = readSigned readFloat s r e
[ ( cy0 , ””) ] = readSigned readFloat sim

60 cente r0 = ( cx0 , cy0 )
t a r g e t = rootRegion cx0 cy0
eqs = equads rootSquare t a r g e t

outh ’ <− openBinaryFi le ”out . raw” WriteMode
eR <− newIORef E{ outer = outer ’ , i nner = inner ’ , r e s u l t = r e su l t ’ , qs s = t a i l⤦

Ç eqs , f i r s t P a s s = True , combine = combine ’ , b l ender = blender ’ , fbo = ⤦
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Ç fbo ’ , c en t e r = center0 , l e v e l = 0 , cache = cacheDir , outh = outh ’ }
65 GLUT. d i sp l ayCa l lback $= eRender eR

GLUT. mainLoop

eRender eR = do
e <− readIORef eR

70 l e t qs = head ( qss e )
viewport $= (GL. Pos i t i on 0 0 , GL. S i z e 256 256)
l o ad Id en t i t y
ortho2D 0 256 256 0
withFBO ( fbo e ) ( inner e ) $ do

75 forM qs $ \q −> do
Just t@( T i l e ns ds t s ) <− with 0 $ \p −> g e tT i l e putStrLn ( cache e ) p q
t i t <− upload ns
tde <− upload ds
t t t <− upload t s

80 f r e eT i l e t
currentProgram $= Just ( combine e )
l i t <− get $ uni formLocat ion ( combine e ) ” i t ”
lde <− get $ uni formLocat ion ( combine e ) ”de”
l t t <− get $ uni formLocat ion ( combine e ) ” t t ”

85 l s h <− get $ uni formLocat ion ( combine e ) ” h s h i f t ”
l s c <− get $ uni formLocat ion ( combine e ) ” h s ca l e ”
uniform l i t $= TexCoord1 (0 : : GLint )
uniform lde $= TexCoord1 (1 : : GLint )
uniform l t t $= TexCoord1 (2 : : GLint )

90 uniform l sh $= TexCoord1 (0 : : GLfloat )
uniform l s c $= TexCoord1 ( 0 . 5 : : GLfloat )
act iveTexture $= TextureUnit 0
textureBind ing Texture2D $= Just t i t
ac t iveTexture $= TextureUnit 1

95 textureBind ing Texture2D $= Just tde
act iveTexture $= TextureUnit 2
textureBind ing Texture2D $= Just t t t
r ende rPr imi t i v e Quads $ do

l e t sq = square rootSquare q
100 t x y = texCoord $ TexCoord2 (x : : GLdouble ) ( y : : GLdouble )

v x y = l e t (x ’ , y ’ ) = toP ixe l e x y
in ver tex $ Vertex2

( fromRational x ’ : : GLdouble )
( fromRational y ’ : : GLdouble )

105 x0 = squareWest sq
x1 = squareWest sq + squareS i z e sq
y0 = squareNorth sq
y1 = squareNorth sq + squareS i z e sq

c o l o r $ Color3 1 1 ( 1 : : GLdouble )
110 t 0 1 >> v x0 y1

t 0 0 >> v x0 y0
t 1 0 >> v x1 y0
t 1 1 >> v x1 y1

textureBind ing Texture2D $= Nothing
115 act iveTexture $= TextureUnit 1

textureBind ing Texture2D $= Nothing
act iveTexture $= TextureUnit 0
textureBind ing Texture2D $= Nothing
currentProgram $= Nothing

120 deleteObjectNames [ t i t , tde , t t t ]
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textureBind ing Texture2D $= Just ( inner e )
glGenerateMipmap gl TEXTURE 2D
textureBind ing Texture2D $= Nothing
when ( not ( f i r s t P a s s e ) ) $ do

125 viewport $= (GL. Pos i t i on 0 0 , GL. S i z e 400 44)
l o ad Id en t i t y
ortho2D 0 1 0 1
do

currentProgram $= Just ( b lender e )
130 l o <− get $ uni formLocat ion ( b lender e ) ” outer ”

l i <− get $ uni formLocat ion ( b lender e ) ” inner ”
uniform lo $= TexCoord1 (0 : : GLint )
uniform l i $= TexCoord1 (1 : : GLint )
act iveTexture $= TextureUnit 0

135 textureBind ing Texture2D $= Just ( outer e )
act iveTexture $= TextureUnit 1
textureBind ing Texture2D $= Just ( inner e )
l e t t x y = texCoord $ TexCoord2 (x : : GLdouble ) ( y : : GLdouble )

v x y = vertex $ Vertex2 (x : : GLdouble ) ( y : : GLdouble )
140 r ende rPr imi t i v e Quads $ do

co l o r $ Color3 1 1 ( 1 : : GLdouble )
t 0 1 >> v 0 1
t 0 0 >> v 0 0
t (2 ∗ pi ) 0 >> v 1 0

145 t (2 ∗ pi ) 1 >> v 1 1
textureBind ing Texture2D $= Nothing
act iveTexture $= TextureUnit 0
textureBind ing Texture2D $= Nothing
currentProgram $= Nothing

150 l e t bytes = 400 ∗ 44 ∗ 3
a l l o caByte s bytes $ \ptr −> do

r eadP ixe l s (GL. Pos i t i on 0 0) (GL. S i z e 400 44) $ PixelData RGB ⤦
Ç UnsignedByte ptr

hPutBuf ( outh e ) ptr bytes
hFlush ( outh e )

155 atomicModifyIORef eR $ \e ’ −> ( e ’ { outer = inner e ’ , i nne r = outer e ’ , qs s = ⤦
Ç t a i l ( qss e ’ ) , f i r s t P a s s = False , l e v e l = l e v e l e + 1 } , ( ) )

GLUT. swapBuffers
GLUT. r epo r tEr ro r s
GLUT. postRedi sp lay Nothing

160 withFBO : : GLuint −> TextureObject −> IO a −> IO a
withFBO fbo ( TextureObject tex ) act = do

glBindFramebuffer gl FRAMEBUFFER fbo
glFramebufferTexture2D gl FRAMEBUFFER gl COLOR ATTACHMENT0 gl TEXTURE 2D tex 0
r <− act

165 glFramebufferTexture2D gl FRAMEBUFFER gl COLOR ATTACHMENT0 gl TEXTURE 2D 0 0
glBindFramebuffer gl FRAMEBUFFER 0
return r

t oP ixe l : : E −> Rat iona l −> Rat iona l −> ( Rational , Rat iona l )
170 t oP ixe l e = f

where
f x y = (x ’ , y ’ )

where
x ’ = ( ( x − cx ) / r ’ + 0 . 5 ) ∗ w’

175 y ’ = ( ( y − cy ) / r + 0 . 5 ) ∗ h ’
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w’ = 256
h ’ = 256
a = w’ / h ’
( cx , cy ) = cente r e

180 r = 8 / 2 ˆ l e v e l e ∗ h ’ / (2 ∗ 256)
r ’ = a ∗ r

upload : : Ptr CFloat −> IO TextureObject
upload p = do

185 [ tex ] <− genObjectNames 1
tex ture Texture2D $= Enabled
textureBind ing Texture2D $= Just tex
glTexImage2D gl TEXTURE 2D 0 ( f r omInteg ra l gl R32F ) 256 256 0 gl LUMINANCE ⤦

Ç gl FLOAT p
t e x t u r eF i l t e r Texture2D $= (( Nearest , Nothing ) , Nearest )

190 textureWrapMode Texture2D S $= (Repeated , ClampToEdge)
textureWrapMode Texture2D T $= (Repeated , ClampToEdge)
textureBind ing Texture2D $= Nothing
tex ture Texture2D $= Disabled
return tex

12 extra/feature-database.hs

{−# LANGUAGE General izedNewtypeDeriving #−}
import Data . L i s t ( i n t e r c a l a t e )
import Data . Ratio ((%) , numerator , denominator )

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

import Data . Vec ( NearZero ( nearZero ) )
import Data . Number .MPFR (MPFR, RoundMode(Near , Up) , Prec i s i on , getPrec , int2w , ⤦

Ç fromIntegerA , t oS t r i ng )
import Data . Number .MPFR. In s tance s . Near ( )

10

import Frac ta l .RUFF. Types . Complex ( rea lPart , imagPart )
import Frac ta l .RUFF. Mandelbrot . Address

( Angle , per iod , kneading
, AngledInterna lAddress ( . . ) , ang l ed Inte rna lAddres s

15 , addressPer iod , pret tyAng ledInterna lAddress
)

import Frac ta l .RUFF. Mandelbrot .Atom (MuAtom ( . . ) , findAtom )

in s t ance NearZero MPFR where
20 nearZero x = l e t p = getPrec x in not ( abs x > int2w Up p 1 (4 − f r omInteg ra l ⤦

Ç p) )

newtype R = R{ unR : : MPFR }
de r i v i ng (Eq , Ord , Float ing , Real , RealFrac , NearZero )

25 i n s t ance Num R where
R a + R b = R (a + b)
R a ∗ R b = R (a ∗ b)
R a − R b = R (a − b)
negate (R a ) = R ( negate a )

30 abs (R a ) = R ( abs a )
signum (R a ) = R ( signum a )
f romInteger i = R ( fromIntegerA Near b i t s i )
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i n s t ance Frac t i ona l R where
35 R a / R b = R (a / b)

r e c i p (R a ) = R ( r e c i p a )
fromRational r = R ( fromIntegerA Near b i t s ( numerator r ) / fromIntegerA Near ⤦

Ç b i t s ( denominator r ) )

i n s t ance Show R where
40 show (R m) = toSt r i ng ( c e i l i n g $ ( 2 : : Double ) + log 2 / log 10 ∗ f r omInteg ra l (⤦

Ç getPrec m) ) m

b i t s : : P r e c i s i on
b i t s = 1000

45 i s I s l a n d : : AngledInterna lAddress −> Bool
i s I s l a n d (Unangled 1) = True
i s I s l a n d (Angled p r ( Unangled q ) ) = q /= p ∗ denominator r
i s I s l a n d (Angled a ) = i s I s l a n d a

50 ang l e s : : [ ( AngledInternalAddress , ( Angle , Angle ) ) ]
ang l e s = concat $

[ merge M. empty $
[ ( addr , a )
| n <− [ 0 . . d ]

55 , l e t a = n % d
, ( per iod . kneading ) a == Just p
, l e t Just addr = ang l edInte rna lAddres s a
]

| p <− [ 1 . . 16 ]
60 , l e t d = 2 ˆ p − 1

]

merge : : M.Map AngledInterna lAddress Angle −> [ ( AngledInternalAddress , Angle ) ] ⤦
Ç −> [ ( AngledInternalAddress , ( Angle , Angle ) ) ]

merge m [ ] | M. nu l l m = [ ]
65 merge m ( ( addr , a ) : r e s t ) = case M. lookup addr m of

Nothing −> merge (M. i n s e r t addr a m) r e s t
Just b −> ( addr , (b , a ) ) : merge (M. d e l e t e addr m) r e s t

pre t ty : : ( AngledInternalAddress , ( Angle , Angle ) ) −> St r ing
70 pre t ty ( addr , ( lo , h i ) ) = i n t e r c a l a t e ” ,” $

[ show ( addressPer iod addr )
, show ( i s I s l a n d addr )
, pre t tyAng ledInterna lAddres s addr
, show ( numerator l o )

75 , show ( denominator l o )
, show ( numerator h i )
, show ( denominator h i )
] ++ case ( i s I s l a n d addr && addressPer iod addr > 1 , findAtom addr ) o f

( False , ) −> [ ” ” , ” ” , ” ” , ” ” ]
80 (True , Just mu) −>

l e t d i g i t s = c e i l i n g $ 8 − logBase 10 (muSize mu)
showR = toSt r i ng d i g i t s . unR

in [ show . muOrient $ mu
, show . muSize $ mu

85 , showR . r ea lPa r t . muNucleus $ mu
, showR . imagPart . muNucleus $ mu
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]
−> [ ” ” , ” ” , ” ” , ” ” ]

90 main : : IO ( )
main = mapM ( putStrLn . pre t ty ) ang l e s

13 extra/FixedPrecision.hs

{−# LANGUAGE BangPatterns , EmptyDataDecls , Rank2Types #−}
module F ixedPrec i s i on where

import Data . B i t s ( b i t , sh i f tL , sh i f tR )
5 import Data . Ratio ((%) , numerator , denominator )

import TypeLevel . NaturalNumber −− type− l e v e l −natura l −number
import Text . FShow .Raw −− f l oat show

newtype Fixed p = F In t eg e r
10

g e tP r e c i s i o n : : Fixed p −> p
g e tP r e c i s i o n = undef ined

w i thPrec i s i on : : NaturalNumber p => Int −> p −> ( f o r a l l q . NaturalNumber q => q ⤦
Ç −> a ) −> a

15 wi thPrec i s i on 0 p f = f p
w i thPrec i s i on n p f = wi thPrec i s i on (n − 1) ( successorTo p) f

i n s t ance NaturalNumber p => BinDecode ( Fixed p) where
decode l@ (F x ) = (x , negate . naturalNumberAsInt . g e tP r e c i s i o n $ l )

20 showDigits l = 2 + f l o o r ( f r omInteg ra l (1 + naturalNumberAsInt ( g e tP r e c i s i o n l⤦
Ç ) ) ∗ logBase 10 2 : : Double )

showF : : NaturalNumber p => Fixed p −> St r ing
showF x = binDecFormat ( Generic ( Just ( −5 , 5) ) ) Nothing x

25 i n s t ance Eq ( Fixed p) where F x == F y = x == y
in s t ance Ord ( Fixed p) where F x ‘ compare ‘ F y = x ‘ compare ‘ y
in s t ance NaturalNumber p => Num ( Fixed p) where

F x + F y = F $ x + y
F x − F y = F $ x − y

30 l@ (F x ) ∗ F y = F $ ( x ∗ y ) ‘ sh i f tR ‘ naturalNumberAsInt ( g e tP r e c i s i o n l )
negate (F x ) = F ( negate x )
abs (F x ) = F ( abs x )
signum (F x) = F ( signum x)
f romInteger x = l e t r = F (x ‘ sh i f tL ‘ naturalNumberAsInt ( g e tP r e c i s i o n r ) ) in ⤦

Ç r
35 i n s t ance NaturalNumber p => Frac t i ona l ( Fixed p) where

l@ (F x ) / F y = F ( ( x ‘ sh i f tL ‘ naturalNumberAsInt ( g e tP r e c i s i o n l ) ) ‘ div ‘ y )
fromRational x =

l e t r = F ( ( numerator x ‘ sh i f tL ‘ naturalNumberAsInt ( g e tP r e c i s i o n r ) ) ‘ div ‘ ⤦
Ç denominator x ) in r

i n s t ance NaturalNumber p => Real ( Fixed p) where
40 toRat iona l l@ (F x ) = x % b i t ( naturalNumberAsInt $ g e tP r e c i s i o n l )

i n c rP r e c i s i o n : : NaturalNumber p => Fixed p −> Fixed ( SuccessorTo p)
i n c rP r e c i s i o n (F x ) = F (x ‘ sh i f tL ‘ 1)

45 de c rPr e c i s i on : : NaturalNumber p => Fixed ( SuccessorTo p) −> Fixed p
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de c rPr e c i s i on (F x ) = F (x ‘ sh i f tR ‘ 1)

14 extra/gruff-cache-stats.sh

#!/bin /bash
cached i r=”${HOME}/ . g r u f f / cache /”
f i nd ”${ cached i r }” −type f |
whi le read fname

5 do
s co r e=”$ ( . / g ru f f − t i l e − s c o r e < ”${ fname }”) ”
echo ”${ s c o r e } ${ fname}”

done

15 extra/gruff-tile-score.c

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

#de f i n e TSIZE 256
5

i n t main ( i n t argc , char ∗∗ argv ) {
char header [ 1 6 ] ;
const unsigned i n t count = TSIZE ∗ TSIZE ;
const unsigned i n t bytes = count ∗ s i z e o f ( f l o a t ) ;

10 f l o a t ∗ dwel l = mal loc ( bytes ) ;
i f ( ! dwe l l ) { re turn 1 ; }
i f (1 != f r ead ( header , 16 , 1 , s td in ) ) { f r e e ( dwel l ) ; r e turn 1 ; }
i f (1 != f r ead ( dwel l , bytes , 1 , s td in ) ) { f r e e ( dwe l l ) ; r e turn 1 ; }
double s co r e = 0 ;

15 f o r ( unsigned i n t i = 0 ; i < count ; ++i ) {
double d = dwel l [ i ] ;
i f (d > 0) { s c o r e += d ; }

}
p r i n t f (”%.16 e\n” , s co r e ) ;

20 f r e e ( dwe l l ) ;
r e turn 0 ;

}

16 extra/Makefile

g ru f f − t i l e − s c o r e : g ru f f − t i l e − s c o r e . c
gcc −std=c99 −Wall −pedant ic −Wextra −O3 −o g ru f f − t i l e − s c o r e g ru f f − t i l e −⤦

Ç s c o r e . c

17 extra/mp real.h

#i f n d e f MP REAL H
#de f i n e MP REAL H 1

#inc lude <mpfr . h>
5 #de f i n e MPFRRNDN GMPRNDN

c l a s s mp real {
pub l i c :

mpfr t m;
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10 mp real ( ) {
mpf r i n i t 2 (m, 53) ;
mpf r s e t d (m, 0 , MPFRRNDN) ;

}
mp real ( const double &s ) {

15 mpf r i n i t 2 (m, 53) ;
mpf r s e t d (m, s , MPFRRNDN) ;

}
mp real ( const i n t 3 2 t &s ) {

mpf r i n i t 2 (m, 53) ;
20 mp f r s e t s i (m, s , MPFRRNDN) ;

}
mp real ( const mp real &s ) {

mpf r i n i t 2 (m, mpf r ge t prec ( s .m) ) ;
mpf r se t (m, s .m, MPFRRNDN) ;

25 }
mp real ( mpf r prec t p) {

mpf r i n i t 2 (m, p) ;
}
mp real ( mpfr t s , mpf r prec t p) {

30 mpf r i n i t 2 (m, p) ;
mpf r se t (m, s , MPFRRNDN) ;

}
mp real ( const char ∗ s , mpf r prec t p) {

mpf r i n i t 2 (m, p) ;
35 mp f r s e t s t r (m, s , 10 , MPFRRNDN) ;

} ;
mp real ( double s , mpf r prec t p) {

mpf r i n i t 2 (m, p) ;
mpf r s e t d (m, s , MPFRRNDN) ;

40 } ;
˜mp real ( ) {

mpf r c l ea r (m) ;
}

#de f i n e maxprec (x , y ) max( mpf r ge t prec ( x .m) , mpf r ge t prec ( y .m) )
45 i n l i n e mp real& operator=(mp real const &y) {

mpf r s e t p r e c (m, maxprec ( (∗ t h i s ) , y ) ) ;
mpf r se t (m, y .m, MPFRRNDN) ;
re turn ∗ t h i s ;

}
50 } ;

i n l i n e bool operator <(mp real const &x , mp real const &y) {
re turn mp f r l e s s p (x .m, y .m) ;

}
55

i n l i n e mp real operator+(mp real const &x , mp real const &y) {
mp real r (maxprec (x , y ) ) ;
mpfr add ( r .m, x .m, y .m, MPFRRNDN) ;
re turn r ;

60 }

i n l i n e mp real operator −(mp real const &x , mp real const &y) {
mp real r (maxprec (x , y ) ) ;
mpfr sub ( r .m, x .m, y .m, MPFRRNDN) ;

65 re turn r ;
}
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i n l i n e mp real operator ∗( mp real const &x , mp real const &y) {
mp real r (maxprec (x , y ) ) ;

70 mpfr mul ( r .m, x .m, y .m, MPFRRNDN) ;
re turn r ;

}

i n l i n e mp real operator /( mp real const &x , mp real const &y) {
75 mp real r (maxprec (x , y ) ) ;

mpfr div ( r .m, x .m, y .m, MPFRRNDN) ;
re turn r ;

}

80 i n l i n e mp real sqr ( mp real const &x) {
mp real r ( mpf r ge t prec ( x .m) ) ;
mpfr sqr ( r .m, x .m, MPFRRNDN) ;
re turn r ;

}
85

i n l i n e mp real s q r t ( mp real const &x) {
mp real r ( mpf r ge t prec ( x .m) ) ;
mpf r sqr t ( r .m, x .m, MPFRRNDN) ;
re turn r ;

90 }

i n l i n e mp real l og ( mp real const &x) {
mp real r ( mpf r ge t prec ( x .m) ) ;
mpfr log ( r .m, x .m, MPFRRNDN) ;

95 re turn r ;
}

i n l i n e mp real atan2 ( mp real const &y , mp real const &x) {
mp real r (maxprec (x , y ) ) ;

100 mpfr atan2 ( r .m, y .m, x .m, MPFRRNDN) ;
re turn r ;

}

i n l i n e mp real pow( mp real const &y , mp real const &x) {
105 mp real r (maxprec (x , y ) ) ;

mpfr pow ( r .m, y .m, x .m, MPFRRNDN) ;
re turn r ;

}

110 i n l i n e f l o a t t o f l o a t ( mp real const &x) {
re turn mpfr get d (x .m, MPFRRNDN) ;

}

#undef maxprec
115

#end i f

18 extra/MuAtom.hs

{−# LANGUAGE BangPatterns #−}
module MuAtom(MuAtom ( . . ) , MuProgress ( . . ) , muFromAddress , MuProgress ’ ( . . ) , ⤦

Ç muToAddress , MuProgress ’ ’ ( . . ) , muLocate ) where
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import Control . Arrow ( (∗∗∗ ) )
5 import Data . Ratio ((%) )

import Data . Vec ( NearZero , nearZero )

import Frac ta l .RUFF. Mandelbrot . Address ( AngledInternalAddress , Angle , ⤦
Ç sp l i tAddre s s , addressPer iod , externa lAng les , ang l ed Inte rna lAddres s )

import Frac ta l .RUFF. Mandelbrot . Nucleus ( f indNucleus , findBond , f i ndPer i od )
10 import Frac ta l .RUFF. Mandelbrot . Ray ( externalRay , externalRayOut )

import Frac ta l .RUFF. Types . Complex (Complex , magnitude , magnitude2 , phase , ⤦
Ç mkPolar )

import Number (R)

15 data MuAtom = MuAtom
{ muNucleus : : ! ( Complex R)
, muSize : : ! Double
, muOrient : : ! Double
, muPeriod : : ! I n t eg e r

20 }
de r i v i ng (Read , Show , Eq)

data MuProgress
= MuSplitTodo

25 | MuSplitDone AngledInterna lAddress [ Angle ]
| MuAnglesTodo
| MuAnglesDone ! Rat iona l ! Rat iona l
| MuRayTodo
| MuRay ! In t eg e r

30 | MuRayDone ! ( Complex R)
| MuNucleusTodo
| MuNucleus ! I n t eg e r
| MuNucleusDone ! ( Complex R)
| MuBondTodo

35 | MuBond ! In t eg e r
| MuBondDone ! ( Complex R)
| MuSuccess !MuAtom
| MuFailed
de r i v i ng (Read , Show , Eq)

40

muFromAddress : : AngledInterna lAddress −> [ MuProgress ]
muFromAddress addr = MuSplitTodo :

l e t ( ! iaddr , ! caddr ) = sp l i tAddr e s s addr
! p = addressPer iod iaddr

45 in MuSplitDone iaddr caddr : MuAnglesTodo : case exte rna lAng l e s iaddr o f
Nothing −> [ MuFailed ]
Just ( ! lo , ! h i ) −> MuAnglesDone l o h i : MuRayTodo :

l e t sharpness = 8
er = 65536

50 accuracy = 1e−10
ok w = magnitude2 w < 2 ∗ er ˆ ( 2 : : Int ) −− NaN −> False
r ay l = externalRay accuracy sharpness er l o
rayh = externalRay accuracy sharpness er h i
ray ’ = takeWhile ( uncurry (&&) . ( ok ∗∗∗ ok ) . snd ) $ [ 1 . . ] ‘ z ip ‘ (⤦

Ç r ay l ‘ z ip ‘ rayh )
55 rgo [ ] = [ MuFailed ]

rgo [ ] = [ MuFailed ]
rgo ( ( i , ( xl , xh ) ) :m@( ( , ( yl , yh ) ) : ) ) f
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| i < f r omInteg ra l sharpness ∗ (p + 16) = MuRay i : rgo m f
| dl + dh > dx + dy = MuRay i : rgo m f

60 | otherwi s e = MuRayDone x : f x
where

x = 0 .5 ∗ ( x l + xh )
d l = magnitude2 ( x l − y l )
dh = magnitude2 (xh − yh )

65 dx = magnitude2 ( x l − xh )
dy = magnitude2 ( y l − yh )

in rgo ray ’ $ \ rayend −> MuNucleusTodo :
l e t nuc = f indNuc leus p rayend

nuc ’ = takeWhile ( ok . snd ) $ [ 1 . . ] ‘ z ip ‘ nuc
70 ngo [ ] = [ MuFailed ]

ngo [ ] = [ MuFailed ]
ngo ( ( i , x ) :m@( ( , y ) : ) ) f

| not ( nearZero (x − y ) ) = MuNucleus i : ngo m f
| otherwi s e = MuNucleusDone x : f x

75 in ngo nuc ’ $ \ nuc leus −> MuBondTodo :
l e t bnd = findBond p nuc leus 0 .5

bnd ’ = takeWhile ( ok . snd ) $ [ 1 . . ] ‘ z ip ‘ bnd
bgo [ ] = [ MuFailed ]
bgo [ ] = [ MuFailed ]

80 bgo ( ( i , x ) :m@( ( , y ) : ) ) f
| not ( nearZero (x − y ) ) = MuBond i : bgo m f
| otherwi s e = MuBondDone x : f x

in bgo bnd ’ $ \bond −>
l e t d e l t a = bond − nuc leus

85 s i z e = realToFrac $ magnitude de l t a / 0 .75
o r i e n t = realToFrac $ phase de l t a
atom = MuAtom{ muNucleus = nucleus , muSize = s i z e , muOrient = ⤦

Ç or i en t , muPeriod = p }
in i f 10 > s i z e && s i z e > 0 then [ MuSuccess atom ] e l s e [ MuFailed ]

90 data MuProgress ’
= MuCuspTodo
| MuCuspDone ! ( Complex R)
| MuDwellTodo
| MuDwell ! I n t eg e r

95 | MuDwellDone ! In t eg e r
| MuRayOutTodo
| MuRayOut ! Double
| MuRayOutDone ! ( Complex R)
| MuExternalTodo

100 | MuExternalDone ! Rat iona l
| MuAddressTodo
| MuSuccess ’ AngledInterna lAddress
| MuFailed ’
d e r i v i ng (Read , Show , Eq)

105

muToAddress : : MuAtom −> [ MuProgress ’ ]
muToAddress mu = MuCuspTodo :

l e t cusp = muNucleus mu − mkPolar ( realToFrac (muSize mu) ) ( realToFrac ( (⤦
Ç muOrient mu) ) )
er = 65536

110 er2 = er ∗ er
in MuCuspDone cusp : MuDwellTodo :

l e t dgo z n f = MuDwell n : i f magnitude2 z > er2 then f n e l s e dgo ( z ∗ z +⤦
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Ç cusp ) (n + 1) f
in dgo 0 0 $ \n −> MuDwellDone n : MuRayOutTodo :

l e t rgo ( ( i , ! ) : izs@ ( : ) ) f = MuRayOut ( f r omInteg ra l i / ( f r omInteg ra l ⤦
Ç sharpness ∗ f r omInteg ra l n ) ) : rgo i z s f

115 rgo [ ( , ! z ) ] f | magnitude2 z > er2 = MuRayOutDone z : f z
rgo = [ MuFailed ’ ]
accuracy = 1e−16
sharpness = 16
ep s i l on0 = realToFrac (muSize mu) ∗ accuracy

120 in rgo ( [ ( 1 : : I n t eg e r ) . . ] ‘ z ip ‘ externalRayOut ( f r omInteg ra l n + 100) ⤦
Ç ep s i l on0 accuracy sharpness er cusp ) $ \ rend −> MuExternalTodo :

l e t den = 2 ˆ muPeriod mu − 1
num’ = f romInteg ra l den ∗ warp ( phase rend / (2 ∗ pi ) )
num = round num’
warp t

125 | t > 0 = t
| otherwi s e = t + 1

ang le = num % den
in MuExternalDone ang le : MuAddressTodo : case ang l ed Inte rna lAddres s ⤦

Ç ang le o f
Nothing −> [ MuFailed ’ ]

130 Just addr −> i f addres sPer iod addr /= muPeriod mu then [ MuFailed ’ ]⤦
Ç e l s e [ MuSuccess ’ addr ]

data MuProgress ’ ’
= MuScanTodo
| MuScan

135 | MuScanDone ! In t eg e r
| MuNucleusTodo ’
| MuNucleus ’ ! I n t eg e r
| MuNucleusDone ’ ! ( Complex R)
| MuBondTodo ’

140 | MuBond’ ! I n t eg e r
| MuBondDone ’ ! ( Complex R)
| MuSuccess ’ ’ !MuAtom
| MuFailed ’ ’
d e r i v i ng (Read , Show , Eq)

145

muLocate : : Complex R −> Double −> [ MuProgress ’ ’ ]
muLocate c r = MuScanTodo : MuScan : case f i ndPer i od 10000000 ( realToFrac r ) c ⤦

Ç o f
Nothing −> [ MuFailed ’ ’ ]
Just p −> MuScanDone p : MuNucleusTodo ’ :

150 l e t ok w = magnitude2 w < 16 −− NaN −> False
nuc = f indNuc leus p c
nuc ’ = takeWhile ( ok . snd ) $ [ 1 . . ] ‘ z ip ‘ nuc
ngo [ ] = [ MuFailed ’ ’ ]
ngo [ ] = [ MuFailed ’ ’ ]

155 ngo ( ( i , x ) :m@( ( , y ) : ) ) f
| not ( nearZero (x − y ) ) = MuNucleus ’ i : ngo m f
| otherwi s e = MuNucleusDone ’ x : f x

in ngo nuc ’ $ \ nuc leus −> MuBondTodo ’ :
l e t bnd = findBond p nuc leus 0 .5

160 bnd ’ = takeWhile ( ok . snd ) $ [ 1 . . ] ‘ z ip ‘ bnd
bgo [ ] = [ MuFailed ’ ’ ]
bgo [ ] = [ MuFailed ’ ’ ]
bgo ( ( i , x ) :m@( ( , y ) : ) ) f
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| not ( nearZero (x − y ) ) = MuBond’ i : bgo m f
165 | otherwi s e = MuBondDone ’ x : f x

in bgo bnd ’ $ \bond −>
l e t d e l t a = bond − nuc leus

s i z e = realToFrac $ magnitude de l t a / 0 .75
o r i e n t = realToFrac $ phase de l t a

170 atom = MuAtom{ muNucleus = nucleus , muSize = s i z e , muOrient = ⤦
Ç or i en t , muPeriod = p }

in i f 10 > s i z e && s i z e > 0 then [ MuSuccess ’ ’ atom ] e l s e [ MuFailed ’ ’ ]

19 extra/Number.hs

{−# LANGUAGE CPP, General izedNewtypeDeriving #−}
module Number (R, toRat ional ’ ) where

import Data . B i t s ( b i t )
5 import Data . Ratio ((%) )

import Data . Vec ( NearZero )

import Numeric .QD (QuadDouble )
import Numeric .QD. Vec ( )

10

type R = QuadDouble

toRat ional ’ : : RealFrac a => Int −> a −> Rat iona l
toRat ional ’ l a = round ( a ∗ f romInteger b) % b

15 where b = b i t ( l + 16)

20 extra/Poincare.hs

import Data .Maybe (mapMaybe)
import Numeric . LinearAlgebra ((><) , nu l lVector , t oL i s t )
import Numeric .QD (QuadDouble )
import Numeric .QD. Vec ( )

5 import Frac ta l .GRUFF
import Frac ta l .RUFF. Mandelbrot . Address ( parseAngledInterna lAddress )
import Frac ta l .RUFF. Mandelbrot .Atom (MuAtom ( . . ) , findAtom )
import Frac ta l .RUFF. Types . Complex (Complex ( ( :+) ) , magnitude , magnitude2 , c i s , ⤦

Ç phase )

10 import Debug . Trace

debug p x = t ra c e (p ++ ” : ” ++ show x) x

type R = QuadDouble
15

data Poincare a = Poincare ! ( Complex a ) ! a
d e r i v i ng Show

d i s t ance ( Poincare x1 y1 ) ( Poincare x2 y2 ) = acosh (1 + (magnitude2 dx + dy ∗ dy⤦
Ç ) / (2 ∗ y1 ∗ y2 ) )

20 where
dx = x2 − x1
dy = y2 − y1

geode s i c p1@( Poincare x1 y1 ) p2@( Poincare x2 y2 )
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25 | x1 == x2 = \ t −> Poincare x1 ( y1 ∗ ( y2 / y1 ) ∗∗ t )
| otherwi s e = \ t −> l e t x:+y = go ( exp ( t ∗ dt ) ) in Poincare ( x1 + (x :+ 0) ∗ ⤦

Ç d i r ) y
where

a = d ∗ y1
b = −c ∗ y1

30 [ c , d ] = debug ”cd” . normal ize (map realToFrac . ( id : : [ Double ] −> [ Double⤦
Ç ] ) . t oL i s t . nu l lVecto r . (2><2) . map realToFrac $ ms

dt = d i s t ance p1 p2
eT = exp dt
ms = debug ”ms” [ eT ∗ mdx, y2 − y1 ∗ eT , y1 − eT ∗ y2 , mdx ]
mdx = magnitude dx

35 d i r = c i s ( phase dx )
dx = x2 − x1
go t = (b :+ ( a ∗ t ) ) / (d :+ ( c ∗ t ) )

{−
40 ( a i + b) / ( c i + d) = 0 :+ y1

( a i eˆT + b) / ( c i eˆT + d) = | x2−x1 | :+ y2
=>

( a i + b) = ( c i + d) ∗ ( 0 :+ y1 )
( a i eˆT + b) = ( c i eˆT + d) ∗ ( | x2−x1 | :+ y2 )

45 =>
a = d ∗ y1
b = −c ∗ y1
a e = c e | x2 − x1 | + d y2
b = d | x2 − x1 | − c e y2

50 =>
d y1 e = c e | x2 − x1 | + d y2
−c y1 = d | x2 − x1 | − c e y2

=>
c e | x2 − x1 | + d ( y2 − y1 e ) = 0

55 c (−( e y2 − y1 ) ) + d | x2 − x1 | = 0
−}

po incare mu = Poincare (muNucleus mu) (16 ∗ realToFrac (muSize mu) )

60 mus = mapMaybe (\ s −> f indAtom =<< parseAngledInterna lAddress s )
[ ”1 1/3 3 ” ++ ( unwords . map show . take m) [ ( 4 : : Int ) . . ] | m <− [ 1⤦

Ç . . 16 ] ]

pcs : : [ Poincare R]
pcs = Poincare 0 4 : map po incare mus ++ [ Poincare 0 4 ]

65

dgs = zipWith (\p q −> ( d i s t ance p q , g eode s i c p q ) ) pcs ( t a i l pcs )

fp s = 25

70 segment (d , g ) = segment ’ 0
where

segment ’ n | n > f p s ∗ d = [ ]
| otherwi s e = g (n / ( fp s ∗ d) ) : segment ’ (n + 1)

75 s c ene s = zipWith scene [ 0 . . ] ( concatMap segment dgs )

scene s ( Poincare ( cx :+ cy ) r ) =
l e t f = f i l ename s
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i = Image
80 { imageLocation = Locat ion

{ cente r = toRat iona l cx :+ toRat iona l cy
, rad iu s = realToFrac r
}

, imageViewport = Viewport
85 { aspect = 1080 / 576

, o r i e n t = 0
}

, imageWindow = Window
{ width = 1080

90 , he ight = 576
, supersamples = 4
}

, imageColours = Colours
{ c o l o u r I n t e r i o r = Colour 1 0 .5 0

95 , colourBoundary = Colour 0 0 0
, c o l ou rEx t e r i o r = Colour 1 1 1
}

, imageLabels = [ ]
, imageLines = [ ]

100 }
in ( i , f )

f i l ename : : I n t eg e r −> Fi lePath
f i l ename s = ( r ev e r s e . take 8 . (++ ”00000000”) . r e v e r s e . show ) s ++ ” .ppm”

105

main = defaultMain scene s

21 extra/rts.c

char ∗ gh c r t s op t s = ”−N” ;

22 extra/SoftFloat.hs

{−# LANGUAGE BangPatterns , DeriveDataTypeable #−}

module So f tF loa t where

5 import Control .Monad . In s tance s ( )
import Data . B i t s ( b i t , sh i f tL , sh i f tR )
import Data . Int ( Int32 , Int64 )
import Data . Monoid (mappend)
import Data . Ratio ((%) , numerator , denominator )

10 import Numeric ( readSigned , readFloat , showSigned , showGFloat )
import Data . Data (Data )
import Data . Typeable ( Typeable )

type Mantissa = Int32
15 type Mantissa ’ = Int64

type Exponent = Int32

data So f tF loa t = So f tF loa t ! Mantissa ! Exponent
de r i v i ng (Data , Typeable )

20

up : : Mantissa −> Mantissa ’
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up = f romInteg ra l

down : : Mantissa ’ −> Mantissa
25 down = f romInteg ra l

s o f tF l o a t : : Mantissa ’ −> Exponent −> So f tF loa t
s o f tF l o a t 0 ! = So f tF loa t 0 0
s o f tF l o a t m ! e

30 | m < up minBound | | up maxBound < m = so f tF l o a t (m ‘ sh i f tR ‘ 1) ( e + 1)
| up minBound ‘ sh i f tR ‘ 1 < m && m < up maxBound ‘ sh i f tR ‘ 1 = so f tF l o a t (m ‘⤦

Ç sh i f tL ‘ 1) ( e − 1)
| otherwi s e = So f tF loa t (down m) e

up ’ : : Mantissa −> I n t eg e r
35 up ’ = f romInteg ra l

down ’ : : I n t eg e r −> Mantissa
down ’ = f romInteg ra l

40 s o f tF l oa t ’ : : I n t eg e r −> Mantissa −> So f tF loa t
so f tF l oa t ’ 0 ! = So f tF loa t 0 0
so f tF l oa t ’ m ! e

| m < up ’ minBound | | up ’ maxBound < m = so f tF loa t ’ (m ‘ sh i f tR ‘ 1) ( e + 1)
| up ’ minBound ‘ sh i f tR ‘ 1 < m && m < up ’ maxBound ‘ sh i f tR ‘ 1 = so f tF l oa t ’ (m ‘⤦

Ç sh i f tL ‘ 1) ( e − 1)
45 | otherwi s e = So f tF loa t (down ’ m) e

in s t ance Show So f tF loa t where
show f = showSigned ( showGFloat ( Just 12) ) 9 f ””

50 i n s t ance Read So f tF loa t where
readsPrec = readSigned readFloat

i n s t ance Eq So f tF loa t where
So f tF loa t m e == So f tF loa t m’ e ’ = m == m’ && e == e ’

55 So f tF loa t m e /= So f tF loa t m’ e ’ = m /= m’ | | e /= e ’

i n s t ance Ord So f tF loa t where
So f tF loa t m e ‘ compare ‘ So f tF loa t m’ e ’

| m == 0 = 0 ‘ compare ‘ m’
60 | m’ == 0 = m ‘ compare ‘ 0

| m > 0 && m’ > 0 = ( e ‘ compare ‘ e ’ ) ‘mappend ‘ (m ‘ compare ‘ m’ )
| m > 0 && m’ < 0 = GT
| m < 0 && m’ > 0 = LT
| m < 0 && m’ < 0 = ( e ’ ‘ compare ‘ e ) ‘mappend ‘ (m ‘ compare ‘ m’ )

65 | otherwi s e = e r r o r ” g r u f f . So f tF loa t . Ord . compare”

in s t ance Num So f tF loa t where
So f tF loa t 0 + f = f
f + So f tF loa t 0 = f

70 So f tF loa t m e + So f tF loa t m’ e ’
| e > e ’ = s o f tF l o a t (up m + (up m’ ‘ sh i f tR ‘ f r omInteg ra l ( e − e ’ ) ) ) e
| e == e ’ = so f tF l o a t (up m + up m’ ) e
| e < e ’ = s o f tF l o a t ( ( up m ‘ sh i f tR ‘ f r omInteg ra l ( e ’ − e ) ) + up m’ ) e ’
| otherwi s e = e r r o r ” g r u f f . So f tF loa t .Num.+”

75 So f tF loa t 0 − f = negate f
f − So f tF loa t 0 = f
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So f tF loa t m e − So f tF loa t m’ e ’
| e > e ’ = s o f tF l o a t (up m − (up m’ ‘ sh i f tR ‘ f r omInteg ra l ( e − e ’ ) ) ) e
| e == e ’ = so f tF l o a t (up m − up m’ ) e

80 | e < e ’ = s o f tF l o a t ( ( up m ‘ sh i f tR ‘ f r omInteg ra l ( e ’ − e ) ) − up m’ ) e ’
| otherwi s e = e r r o r ” g r u f f . So f tF loa t .Num.−”

negate ( So f tF loa t m e ) = So f tF loa t ( negate m) e
f@( So f tF loa t 0 ) ∗ = f

∗ f@ ( So f tF loa t 0 ) = f
85 So f tF loa t m e ∗ So f tF loa t m’ e ’ = s o f tF l o a t (up m ∗ up m’ ) ( e + e ’ )

f romInteger i = so f tF l oa t ’ i 0 −− FIXME la r g e i n t e g e r s
abs ( So f tF loa t m e ) = So f tF loa t ( abs m) e
signum ( So f tF loa t m ) = so f tF l o a t (up $ signum m) 0

90 i n s t ance Frac t i ona l So f tF loa t where
f@( So f tF loa t 0 ) / = f

/ ( So f tF loa t 0 ) = e r r o r ”/0”
So f tF loa t m e / So f tF loa t m’ e ’ = s o f tF l o a t ( ( up m ‘ sh i f tL ‘ 32) ‘ div ‘ up m’ ) (⤦

Ç e − e ’ − 32)
fromRational r = fromInteger ( numerator r ) / f romInteger ( denominator r )

95

i n s t ance Real So f tF loa t where
toRat iona l ( So f tF loa t m e )

| e >= 0 = fromInteger ( t o In t e g e r m ∗ b i t ( f r omInteg ra l e ) )
| e < 0 = to In t e g e r m % b i t ( negate ( f r omInteg ra l e ) )

100 | otherwi s e = e r r o r ” g r u f f . So f tF loa t . Real . toRat iona l ”

in s t ance RealFrac So f tF loa t where
properFract ion f@( So f tF loa t m e )

| e >= 0 = ( f romInteg ra l m ∗ f romInteger ( b i t ( f r omInteg ra l e ) ) , 0)
105 | e <= (−31) = (0 , f )

| otherwi s e = ( fmap fromRational . properFract ion . toRat iona l ) f

i n s t ance F loat ing So f tF loa t where
p i = realToFrac ( p i : : Double )

110 s q r t f = go 1
where

go ! r =
l e t r ’ = ( r + f / r ) / 2
in i f r == r ’ then r e l s e go r ’

115 exp f = go 0 1 1 1
where

go ! e ! nf ! fn ! n =
l e t e ’ = e + fn / nf
in i f e == e ’ then e e l s e go e ’ ( nf ∗ n) ( f ∗ fn ) (n + 1)

120 l og f@ ( So f tF loa t e )
| f > 0 = pi / (2 ∗ agm 1 (2ˆˆ(2 − m) / f ) ) − f r omInteg ra l m ∗ ln2
| otherwi s e = e r r o r ” g r u f f . So f tF loa t . F loat ing . l og ”
where

m = 37 − e
125 agm ! a ! b =

l e t a ’ = ( a + b) / 2
b ’ = sq r t ( a ∗ b)

in i f a ’ == b ’ | | ( a == a ’ && b == b ’ ) then a ’ e l s e agm a ’ b ’
ln2 = realToFrac ( l og 2 : : Double )

130

s i n = viaDouble s i n
cos = viaDouble cos
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tan = viaDouble tan
s inh = viaDouble s inh

135 cosh = viaDouble cosh
tanh = viaDouble tanh
as in = viaDouble a s in
acos = viaDouble acos
atan = viaDouble atan

140 as inh = viaDouble as inh
acosh = viaDouble acosh
atanh = viaDouble atanh

viaDouble : : ( Double −> Double ) −> ( So f tF loa t −> So f tF loa t )
145 viaDouble f = uncurry encodeFloat . decodeFloat . checkFloat . f . uncurry ⤦

Ç encodeFloat . decodeFloat

checkFloat : : Double −> Double
checkFloat f

| isNaN f = e r r o r ”NaN”
150 | i s I n f i n i t e f = e r r o r ” In f ”

| otherw i s e = f

in s t ance RealFloat So f tF loa t where
f l oa tRad ix = 2

155 f l o a tD i g i t s = 31
f loatRange = ( f r omInteg ra l (minBound : : Exponent ) , f r omInteg ra l (maxBound : :⤦

Ç Exponent ) )
decodeFloat ( So f tF loa t m e ) = ( f romInteg ra l m, f r omInteg ra l e )
encodeFloat m e = so f tF loa t ’ m ( f r omInteg ra l e )
isNaN = False

160 i s I n f i n i t e = False
i sDenormal ized = False
i sNegat iveZero = False
isIEEE = False

23 extra/test.hs

import Data . L i s t (nub)
import Data .Maybe ( catMaybes , mapMaybe)
import Data . Ratio ((%) )
import System . Environment ( getArgs )

5 import System . IO ( hFlush , stdout )

import Frac ta l .RUFF. Mandelbrot . Address ( AngledInternalAddress , sp l i tAddre s s , ⤦
Ç parseAngledInterna lAddress , prettyAngledInterna lAddress , ⤦
Ç ang l ed Inte rna lAddres s )

import Frac ta l .RUFF. Types . Complex ( imagPart )

10 import MuAtom

{−
ray t r a c i ng f a i l u r e s (wanted from angle : found from r ev e r s e t r a c e )

1 1/3 3 6 7 : 1 1/3 3 4 5 7
15 1 1/3 3 4 7 : 1 1/3 3 4 5 7

1 2 1/3 6 7 : 1 2 1/3 5 6 7
1 2 1/3 5 7 : 1 2 1/3 5 6 7
1 1/3 3 6 8 : 1 1/3 3 5 6 8
1 1/3 3 5 8 : 1 1/3 3 5 6 8
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20 1 1/3 3 4 7 8 : 1 1/3 3 4 5 6 8
1 1/3 3 4 5 8 : 1 1/3 3 4 5 6 8
1 2 1/3 6 8 : 1 2 1/3 5 6 7 8
1 2 1/3 5 7 8 : 1 2 1/3 5 6 7 8
1 2 1/3 5 6 8 : 1 2 1/3 5 6 7 8

25 1 2 3 1/3 8 : 1 2 3 1/3 7 8
ie , 12 unexpected f a i l u r e s from 116 t e s t ca s e s
FIXED: s i l l y assumption in forward t r a c e f i nd i n g ray end . . .

−− r e v e r s e ray t r a c i ng f a i l u r e s :
30 i s l and s ’ : : [ AngledInterna lAddress ]

i s l and s ’ = mapMaybe parseAngledInterna lAddress
[ ”1 2 1/3 5 6 8 9”
, ”1 1/6 6 8 10”
, ”1 1/5 5 8 9 10”

35 , ”1 1/3 3 6 2/3 10”
, ”1 1/3 3 2/3 8 9 10”
, ”1 3/8 8 9 10”
, ”1 2/5 5 8 10”
, ”1 2 1/3 6 7 8 10”

40 ]
−− i e , 8 unexpected f a i l u r e s from 510 t e s t ca s e s
−− FIXED: not enough accuracy (1 e−8 −> 1e −16) or sharpness (8 −> 16) in ray ⤦

Ç t r a c e . . .

−− cur rent r e g r e s s i o n s FAIL ( r e v e r s e t r a c e ) :
45 i s l and s ’ : : [ AngledInterna lAddress ]

i s l and s ’ = mapMaybe parseAngledInterna lAddress
[ ”1 1/4 4 6 8”
, ”1 3/8 8 9”
, ”1 2 3 5 1/3 9”

50 , ”1 1/6 6 7 10”
, ”1 1/3 3 4 6 7 8 10”
, ”1 2/5 5 6 8 10”
, ”1 1/7 7 9 11”
]

55

−}

main : : IO ( )
main = do

60 args <− getArgs
l e t n = case map reads args o f

[ [ ( i , ””) ] ] −> i
−> 0

mapM t e s t ( drop n i s l a nd s )
65

i s l a n d s : : [ AngledInterna lAddress ]
i s l a n d s = (nub . f i l t e r i s l a nd . catMaybes . map ang l edInte rna lAddres s . nub . ⤦

Ç f i l t e r ( 0 . 5 >)) [ num % den | p <− [ 2 . . ] , l e t den = 2 ˆ (p : : Int ) − 1 ,⤦
Ç num <− [ 1 . . den − 1 ] ]

where i s l a nd = nu l l . snd . sp l i tAddr e s s

70 t e s t : : AngledInterna lAddress −> IO ( )
t e s t addr = putStr ( pret tyAng ledInterna lAddres s addr ++ ” : ”) >> hFlush stdout ⤦

Ç >> case l a s t ( take l im i t $ muFromAddress addr ) o f
MuSuccess mu
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| (1 e−16 <) . abs . imagPart . muNucleus $ mu −>
case l a s t ( take l im i t $ muToAddress mu) o f

75 MuSuccess ’ addr ’
| addr == addr ’ −> putStrLn ”OK”
| otherwi s e −> putStrLn ( pret tyAng ledInterna lAddress addr ’ ++ ” FAIL⤦

Ç ”)
e −> putStrLn $ ”FAIL ( r ev e r s e t r a c e ) ” ++ show e

| otherwi s e −> putStrLn ”AXIS”
80 e −> putStrLn $ ”FAIL ( forward t r a c e ) ” ++ show e

l im i t : : Int
l im i t = 10000

24 extra/TileFeatures.hs

{−# LANGUAGE BangPatterns #−}
import Control . Exception ( eva luate )
import Control .Monad ( forM )
import Control .Monad . In s tance s ( )

5 import Data . L i s t (nubBy)
import Data .Maybe (mapMaybe , catMaybes )
import Numeric .QD. Vec ( )

import Fore ign ( Ptr , peekElemOff )
10 import Fore ign .C ( CFloat )

import Frac ta l .RUFF. Mandelbrot .Atom
import Frac ta l .RUFF. Mandelbrot . Address
import Frac ta l .RUFF. Types . Complex

15

computeFeatures : : T i l e −> IO [ (MuAtom Double , AngledInterna lAddress ) ]
computeFeatures ( T i l e q ds ) = do

l e t s = square rootSquare q
cx , cy , sx , sy : : Double

20 cx = fromRational ( squareWest s )
cy = fromRational ( squareNorth s )
cs = fromRational ( squareS i z e s )
sx = cs / f r omInteg ra l width
sy = cs / f r omInteg ra l he ight

25 inq (x:+y) = cx <= x && x <= cx + cs && cy <= y && y <= cy + cs
s s s <− forM [ 2 , 4 , 8 ] $ \d −> do

l e t dx = width ‘ div ‘ d
dy = he ight ‘ div ‘ d
c i j = ( cx + f romInteg ra l ( i ∗ dx ) ∗ sx ) :+ ( cy + f romInteg ra l ( j ∗ dy )⤦

Ç ∗ sy )
30 r = 2 ∗ cs / f r omInteg ra l d

forM [1 . . d − 1 ] $ \ j −> do
forM [1 . . d − 1 ] $ \ i −> do

b <− conta insBorder ds ( j ∗ dy ) ( i ∗ dx ) dy dx
return $ i f b then l o c a t e ( c i j ) r e l s e Nothing

35 l e t f s = mapMaybe (\ ! (mu@MuAtom{ muNucleus = mx :+ my }) −> fmap ( ( , ) mu) (⤦
Ç f indAddress ’ ( take 10000 $ f indAddress (mu{ muNucleus = realToFrac mx :+⤦
Ç realToFrac my : : Complex DoubleDouble }) ) ) ) . nubBy muEqual . f i l t e r (⤦
Ç inq . muNucleus ) . catMaybes . concat . concat $ s s s

! hack <− eva luate ( l ength ( show f s ) ) −− f o r c e eva lua t i on in t h i s thread
return f s
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conta insBorder : : Ptr CFloat −> Int −> Int −> Int −> Int −> IO Bool
40 conta insBorder p y x dy dx = do

any (\d −> 0 < d && d < 4) ‘ fmap ‘ sequence [ peekElemOff p ( width ∗ j + i ) | j⤦
Ç <− [ y − dy . . y + dy − 1 ] , i <− [ x − dx . . x + dx − 1 ] ]

muEqual : : MuAtom Double −> MuAtom Double −> Bool
muEqual m n = magnitude2 (muNucleus m − muNucleus n) < (muSize m ∗ muSize m + ⤦

Ç muSize n ∗ muSize n) / 4
45

−− , windowDecorated := False
module Overlay where

50 import Graphics . Rendering .OpenGL

import Number (R)

over l ay : : S i z e −> TextureObject −> IO ( )
55 over lay ( S i z e w h) t = do

type Image = StorableArray ( Int , Int , Int ) Word8
type Bitmap = StorableArray ( Int , Int ) Bool

60 g e tP i x e l s : : StorableArray ( Int , Int , Int ) Word8 −> IO ( )
g e tP i x e l s a = do

( ( y0 , x0 , c0 ) , ( y1 , x1 , c1 ) ) <− getBounds a
l e t w = x1 − x0 + 1

h = y1 − y0 + 1
65 guard ( c1 − c0 + 1 == 3)

withStorableArray a $ \ptr −>
r eadP ixe l s ( Pos i t i on ( f r omInteg ra l x0 ) ( f r omInteg ra l y0 ) ) ( S i z e (⤦

Ç f r omInteg ra l w) ( f r omInteg ra l h) ) ( PixelData RGB UnsignedByte ptr )

getAtoms : : Bitmap −> IO [MuAtom]
70 getAtoms a = do

bs@ ( ( y0 , x0 ) , ( y1 , x1 ) ) <− getBounds a

25 extra/UnComplex.hs

{−# LANGUAGE DeriveDataTypeable #−}

−− Complex numbers without the ’ RealFloat ’ c on s t r a i n t .
module UnComplex

5 ( Complex ( ( :+) ) , c i s , mkPolar
, r ea lPart , imagPart , conjugate
, magnitude2 , magnitude , phase , po la r
) where

10 import Data . Data (Data )
import Data . Typeable ( Typeable )

−− | Complex number type without the ’ RealFloat ’ c on s t r a i n t .
data Complex r = ! r :+ ! r

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

i n s t ance Functor Complex where fmap f ( x:+y ) = f x :+ f y
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i n s t ance Num r => Num (Complex r ) where
20 ( x :+ y ) + (u :+ v) = (x + u) :+ (y + v)

(x :+ y) − (u :+ v ) = (x − u) :+ (y − v )
(x :+ y) ∗ (u :+ v ) = (x ∗ u − y ∗ v ) :+ (x ∗ v + y ∗ u)
negate (x :+ y ) = negate x :+ negate y
abs = e r r o r ” Frac ta l .RUFF. Types . Complex .Num. abs”

25 signum = e r r o r ” Frac ta l .RUFF. Types . Complex .Num. signum”
fromInteger n = fromInteger n :+ 0

in s t ance Frac t i ona l r => Frac t i ona l (Complex r ) where
( x :+ y) / (u :+ v ) = ( ( x ∗ u + y ∗ v ) / d) :+ ( ( y ∗ u − x ∗ v ) / d) where d =⤦

Ç u ∗ u + v ∗ v
30 f romRational r = fromRational r :+ 0

in s t ance (Ord r , F loat ing r ) => Float ing (Complex r ) where
p i = pi :+ 0
exp (x :+ y ) = mkPolar ( exp x ) y

35 l og z = l e t ( r , t ) = po la r z in l og r :+ t
s i n (x :+ y) = ( s i n x ∗ cosh y ) :+ ( cos x ∗ s inh y )
cos ( x :+ y ) = ( cos x ∗ cosh y ) :+ negate ( s i n x ∗ s inh y )
tan z = s i n z / cos z
a s in z = negate i ∗ l og ( i ∗ z + sq r t (1 − z∗z ) ) where i = 0:+1

40 acos z = negate i ∗ l og ( z + sq r t ( z∗z − 1) ) where i = 0:+1
atan z = 1/2 ∗ i ∗ l og ( (1 − i z ) /(1 + i z ) ) where i = 0:+1 ; i z = i ∗ z
s inh z = ( exp z − exp (−z ) ) / 2
cosh z = ( exp z + exp (−z ) ) / 2
tanh z = l e t ez2 = exp (2 ∗ z ) in ( ez2 − 1) / ( ez2 + 1)

45 as inh z = log ( z + sq r t ( z∗z + 1) )
acosh z = log ( z + sq r t ( z∗z − 1) )
atanh z = 1/2 ∗ l og ( (1 + z ) / (1 − z ) )

−− | Extract the r e a l part .
50 r ea lPa r t : : Complex r −> r

r ea lPa r t ( r :+ ) = r

−− | Extract the imaginary part .
imagPart : : Complex r −> r

55 imagPart ( :+ i ) = i

−− | Complex conjugate .
conjugate : : Num r => Complex r −> Complex r
conjugate ( r :+ i ) = r :+ negate i

60

−− | Complex magnitude squared .
magnitude2 : : Num r => Complex r −> r
magnitude2 ( r :+ i ) = r ∗ r + i ∗ i

65 −− | Complex magnitude .
magnitude : : F loat ing r => Complex r −> r
magnitude = sq r t . magnitude2

−− | Complex phase .
70 phase : : (Ord r , F loat ing r ) => Complex r −> r

phase ( r :+ i )
| r > 0 && i > 0 = atan ( i / r )
| r > 0 && i < 0 = − atan ( abs i / r )
| r < 0 && i > 0 = pi − atan ( i / abs r )
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75 | r < 0 && i < 0 = atan ( abs i / abs r ) − pi
| i > 0 = pi / 2
| i < 0 = − pi / 2
| r < 0 = pi
| otherwi s e = 0

80

−− | Complex number with the g iven magnitude and phase .
mkPolar : : F loat ing r => r −> r −> Complex r
mkPolar r t = ( r ∗ cos t ) :+ ( r ∗ s i n t )

85 −− | Complex number with magnitude 1 and the g iven phase .
c i s : : F loat ing r => r −> Complex r
c i s t = cos t :+ s i n t

−− | Convert to po la r form .
90 po la r : : (Ord r , F loat ing r ) => Complex r −> ( r , r )

po la r z = (magnitude z , phase z )

26 .gitignore

d i s t

∗ . h i
∗ . o

27 gruff.cabal

Name : g r u f f
Vers ion : 1 . 0
Synops is : f r a c t a l e xp l o r e r GUI us ing the r u f f l i b r a r y
Desc r ip t i on :

5 Mandelbrot Set f r a c t a l e xp l o r e r us ing the r u f f l i b r a r y .
.
Requires GTK, OpenGL, and GLSL fragment shader support ; l o t s o f RAM
and mul t ip l e CPU cor e s recommended .
.

10 g ru f f −0.4 changes :
.

∗ Fixed−point computations f o r image t i l e s ( based on In t eg e r ) .
.

∗ MPFR support removed due to poor in t ege r −s imple performance .
15 .

∗ Colour ing adjusted to show f i n e r d e t a i l .
.
Features in t h i s v e r s i on inc lude :
.

20 ∗ I n t e r a c t i v e f r a c t a l browser d i sp l ay with mouse c on t r o l s :
.

∗ Le f t c l i c k to zoom in ( p r e s s s h i f t f o r b i gge r jumps ) .
.

∗ Right c l i c k to zoom out ( p r e s s s h i f t f o r b i gge r jumps ) .
25 .

∗ Middle c l i c k to cente r .
.

∗ Sh i f t middle c l i c k to auto− f o cu s .
.

30 ∗ Control l e f t c l i c k to l a b e l with per iod .
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.
∗ Control r i g h t c l i c k to l a b e l with angled i n t e r n a l address ( s low ! ) .

.
∗ Se s s i on p e r s i s t a n c e ( s to r ed in @˜\/ . g r u f f \/ s t a t e . gruf f@ − s t a t e s can

35 a l s o be loaded from and saved to other f i l e s , i n c l ud ing l a b e l s and
rays ) . Note that the f i l e format i s incompat ib le with prev ious
r e l e a s e s o f g r u f f .

.
∗ Ti l e cache (by d e f au l t in @˜\/ . g r u f f \/cache@ − symlink i t somewhere

40 with a few GB of space i f you plan on exp l o r i ng a l o t ) .
.

∗ Limited amount o f customizab le c o l ou r i ng ( c o l ou r s f o r i n t e r i o r ,
border , and e x t e r i o r po ints , as we l l as l a b e l s and rays ) .

.
45 ∗ Supersampling f o r more d e t a i l e d images ( u s e f u l range i s 1 to 16) .

.
∗ Rudimentary s c r i p t i n g support ( s ee the g ru f f −examples package ) .

.
Future v e r s i on s w i l l f o cu s on improving performance .

50

License : GPL−2
License − f i l e : LICENSE
Author : Claude Heiland −Allen
Maintainer : claude@mathr . co . uk

55 Category : Graphics

Build−type : Simple
Cabal−ve r s i on : >=1.8

60 Data−d i r : data
Data− f i l e s : i con . png , merge . f rag , minimal . f r a g
Extra−source − f i l e s : TODO

Library
65 Hs−source −d i r s : s r c

Exposed−modules : Frac ta l .GRUFF
Build−depends : base >= 3 && < 5 ,

r u f f >= 1.0 && < 1 .1
GHC−opt ions : −Wall

70

Executable g r u f f
Hs−source −d i r s : s r c
Main− i s : g r u f f . hs
Other−modules : Browser

75 Compute
GLUTGtk
In t e r a c t
Logger
Progres s

80 QuadTree
Shader
Snapshot
StatusDia log
T i l e

85 TileShake
U t i l s
View

45
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Build−depends : g r u f f == 1 . 0 ,
base >= 4 && < 5 ,

90 con ta i n e r s >= 0.3 && < 0 . 5 ,
d i r e c t o r y >= 1 && < 2 ,
f i l e p a t h >= 1 && < 2 ,
f l oat show >= 0.2 && < 0 . 3 ,
FTGL == 1.333 ,

95 gtk >= 0.11 && < 0 . 13 ,
g tkg l ex t >= 0.11 && < 0 . 13 ,
old − l o c a l e >= 1 && < 2 ,
OpenGL >= 2.4 && < 3 ,
OpenGLRaw >= 1.1 && < 2 ,

100 shake >= 0 . 2 . 1 0 && < 0 . 3 ,
qd >= 1 && < 2 ,
time >= 1 && < 2 ,
r u f f >= 1.0 && < 1 . 1 ,
type− l e v e l −natura l −number >= 1.1 && < 1 . 2 ,

105 b i tw i s e >= 0.1 && < 0 . 2 ,
byte s t r ing ,
mtl

GHC−opt ions : −Wall −threaded − r t s op t s
GHC−Prof−Options : −auto− a l l −caf − a l l

110

source − r e po s i t o r y head
type : g i t
l o c a t i o n : http :// code . mathr . co . uk/ g r u f f . g i t

115 source − r e po s i t o r y t h i s
type : g i t
l o c a t i o n : http :// code . mathr . co . uk/ g r u f f . g i t
tag : v1 . 0

28 LICENSE

GNU GENERAL PUBLIC LICENSE
Vers ion 2 , June 1991

Copyright (C) 1989 , 1991 Free Software Foundation , Inc . ,
5 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 USA

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 l i c e n s e s f o r most so f tware are des igned to take away your
freedom to share and change i t . By contras t , the GNU General Publ ic
L i cense i s intended to guarantee your freedom to share and change f r e e
so ftware −−to make sure the so f tware i s f r e e f o r a l l i t s u s e r s . This

15 General Publ ic L i cense app l i e s to most o f the Free Software
Foundation ’ s so f tware and to any other program whose authors commit to
us ing i t . (Some other Free Software Foundation so f tware i s covered by
the GNU Lesse r General Publ ic L i cense in s t ead . ) You can apply i t to
your programs , too .

20

When we speak o f f r e e so ftware , we are r e f e r r i n g to freedom , not
p r i c e . Our General Publ ic L i c en s e s are des igned to make sure that you
have the freedom to d i s t r i b u t e cop i e s o f f r e e so f tware ( and charge f o r
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t h i s s e r v i c e i f you wish ) , that you r e c e i v e source code or can get i t
25 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 make r e s t r i c t i o n s that f o rb i d
anyone to deny you these r i g h t s or to ask you to sur render the r i g h t s .

30 These r e s t r i c t i o n s t r a n s l a t e to c e r t a i n r e s p o n s i b i l i t i e s f o r you i f you
d i s t r i b u t e cop i e s o f the software , or i f you modify i t .

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
g r a t i s or f o r a fee , you must g ive the r e c i p i e n t s a l l the r i g h t s that

35 you have . 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 .

We pro t e c t your r i g h t s with two s t ep s : ( 1 ) copyr ight the software , and
40 (2 ) o f f e r you t h i s l i c e n s e which g i v e s you l e g a l permis s ion to copy ,

d i s t r i b u t e and/ or modify the so f tware .

Also , f o r each author ’ s p r o t e c t i on and ours , we want to make c e r t a i n
that everyone understands that the re i s no warranty f o r t h i s f r e e

45 so f tware . I f the so f tware i s modi f i ed by someone e l s e and passed on , we
want i t s r e c i p i e n t s to know that what they have i s not the o r i g i n a l , so
that any problems introduced by othe r s w i l l not r e f l e c t on the o r i g i n a l
authors ’ r epu ta t i on s .

50 Fina l ly , any f r e e program i s threatened cons tant ly by so f tware
patents . We wish to avoid the danger that r e d i s t r i b u t o r s o f a f r e e
program w i l l i n d i v i d u a l l y obta in patent l i c e n s e s , in e f f e c t making the
program prop r i e t a ry . To prevent th i s , we have made i t c l e a r that any
patent must be l i c e n s e d f o r everyone ’ s f r e e use or not l i c e n s e d at a l l .

55

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

GNU GENERAL PUBLIC LICENSE
60 TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICATION

0 . This L i cense app l i e s to any program or other work which conta in s
a no t i c e p laced by the copyr ight ho lder say ing i t may be d i s t r i b u t e d
under the terms o f t h i s General Publ ic L i cense . The ”Program” , below ,

65 r e f e r s to any such program or work , and a ”work based on the Program”
means e i t h e r the Program or any d e r i v a t i v e work under copyr ight law :
that i s to say , a work conta in ing the Program or a por t i on o f i t ,
e i t h e r verbatim or with mod i f i c a t i on s and/ or t r an s l a t ed in to another
language . ( Here ina f t e r , t r a n s l a t i o n i s inc luded without l im i t a t i o n in

70 the term ”mod i f i c a t i on ” . ) Each l i c e n s e e i s addressed as ”you ” .

A c t i v i t i e s other than copying , d i s t r i b u t i o n and mod i f i c a t i on are not
covered by t h i s L i cense ; they are out s id e i t s scope . The act o f
running the Program i s not r e s t r i c t e d , and the output from the Program

75 i s covered only i f i t s contents c on s t i t u t e a work based on the
Program ( independent o f having been made by running the Program ) .
Whether that i s t rue depends on what the Program does .

1 . You may copy and d i s t r i b u t e verbatim cop i e s o f the Program ’ s
80 source code as you r e c e i v e i t , in any medium , provided that you
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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 and d i s c l a ime r o f warranty ; keep i n t a c t a l l the
no t i c e s that r e f e r to t h i s L i cense and to the absence o f any warranty ;
and g ive any other r e c i p i e n t s o f the Program a copy o f t h i s L i cense

85 along with the Program .

You may charge a f e e f o r the phy s i c a l act o f t r a n s f e r r i n g a copy , and
you may at your opt ion o f f e r warranty p ro t e c t i on in exchange f o r a f e e .

90 2 . You may modify your copy or cop i e s o f the Program or any por t i on
o f i t , thus forming a work based on the Program , and copy and
d i s t r i b u t e such mod i f i c a t i on s or work under the terms o f Sec t i on 1
above , provided that you a l s o meet a l l o f the se cond i t i on s :

95 a ) You must cause the modi f i ed f i l e s to car ry prominent no t i c e s
s t a t i n g that you changed the f i l e s and the date o f any change .

b) You must cause any work that you d i s t r i b u t e or publ i sh , that in
whole or in part conta in s or i s der ived from the Program or any

100 part the reo f , to be l i c e n s e d as a whole at no charge to a l l t h i rd
p a r t i e s under the terms o f t h i s L i cense .

c ) I f the modi f i ed program normally reads commands i n t e r a c t i v e l y
when run , you must cause i t , when s t a r t ed running f o r such

105 i n t e r a c t i v e use in the most ord inary way , to p r i n t or d i sp l ay an
announcement i n c l ud ing an appropr ia t e copyr ight no t i c e and a
no t i c e that the re i s no warranty ( or e l s e , say ing that you prov ide
a warranty ) and that u s e r s may r e d i s t r i b u t e the program under
these cond i t i ons , and t e l l i n g the user how to view a copy o f t h i s

110 License . ( Exception : i f the Program i t s e l f i s i n t e r a c t i v e but
does not normally p r i n t such an announcement , your work based on
the Program i s not r equ i r ed to p r i n t an announcement . )

These requ i rements apply to the modi f i ed work as a whole . I f
115 i d e n t i f i a b l e s e c t i o n s o f that work are not der ived from the Program ,

and can be reasonab ly cons ide r ed independent and separa te works in
themselves , then t h i s License , and i t s terms , do not apply to those
s e c t i o n s when you d i s t r i b u t e them as separa t e works . But when you
d i s t r i b u t e the same s e c t i o n s as part o f a whole which i s a work based

120 on the Program , the d i s t r i b u t i o n o f the whole must be on the terms o f
t h i s License , whose pe rmi s s i ons f o r other l i c e n s e e s extend to the
e n t i r e whole , and thus to each and every part r e g a r d l e s s o f who wrote i t .

Thus , i t i s not the i n t en t o f t h i s s e c t i o n to c la im r i g h t s or con t e s t
125 your r i g h t s to work wr i t t en e n t i r e l y by you ; rather , the i n t en t i s to

e x e r c i s e the r i g h t to c on t r o l the d i s t r i b u t i o n o f d e r i v a t i v e or
c o l l e c t i v e works based on the Program .

In addit ion , mere aggregat ion o f another work not based on the Program
130 with the Program ( or with a work based on the Program ) on a volume o f

a s to rage or d i s t r i b u t i o n medium does not br ing the other work under
the scope o f t h i s L i cense .

3 . You may copy and d i s t r i b u t e the Program ( or a work based on i t ,
135 under Sec t i on 2) in ob j e c t code or executab l e form under the terms o f

Se c t i on s 1 and 2 above provided that you a l s o do one o f the f o l l ow i ng :
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a ) Accompany i t with the complete cor re spond ing machine− r eadab le
source code , which must be d i s t r i b u t e d under the terms o f Se c t i on s

140 1 and 2 above on a medium customar i ly used f o r so f tware in te rchange ; or ,

b ) Accompany i t with 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 , to g ive any th i rd party , f o r a charge no more than your
co s t o f phy s i c a l l y per forming source d i s t r i bu t i on , a complete

145 machine− r eadab le copy o f the cor re spond ing source code , to be
d i s t r i b u t e d under the terms o f Se c t i on s 1 and 2 above on a medium
customar i ly used f o r so f tware in te rchange ; or ,

c ) Accompany i t with the in fo rmat ion you r e c e i v ed as to the o f f e r
150 to d i s t r i b u t e cor re spond ing source code . ( This a l t e r n a t i v e i s

a l lowed only f o r noncommercial d i s t r i b u t i o n and only i f you
r e c e i v ed the program in ob j e c t code or executab l e form with such
an o f f e r , in accord with Subsect ion b above . )

155 The source code f o r a work means the p r e f e r r e d form o f the work f o r
making mod i f i c a t i on s to i t . For an executab l e work , complete source
code means a l l the source code f o r a l l modules i t conta ins , p lus any
a s s o c i a t ed i n t e r f a c e d e f i n i t i o n f i l e s , p lus the s c r i p t s used to
con t r o l compi la t ion and i n s t a l l a t i o n o f the executab l e . However , as a

160 s p e c i a l except ion , the source code d i s t r i b u t e d need not in c lude
anything that i s normally d i s t r i b u t e d ( in e i t h e r source or binary
form ) with the major components ( compiler , kerne l , and so on ) o f the
operat ing system on which the executab l e runs , un l e s s that component
i t s e l f accompanies the executab l e .

165

I f d i s t r i b u t i o n o f executab l e or ob j e c t code i s made by o f f e r i n g
ac c e s s to copy from a des ignated place , then o f f e r i n g equ iva l en t
a c c e s s to copy the source code from the same p lace counts as
d i s t r i b u t i o n o f the source code , even though th i rd p a r t i e s are not

170 compel led to copy the source along with the ob j e c t code .

4 . You may not copy , modify , sub l i c en s e , or d i s t r i b u t e the Program
except as exp r e s s l y provided under t h i s L i cense . Any attempt
otherwi s e to copy , modify , s ub l i c e n s e or d i s t r i b u t e the Program i s

175 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 .
However , p a r t i e s who have r e c e i v ed cop ie s , or r i gh t s , from you under
t h i s L i cense w i l l not have t h e i r l i c e n s e s terminated so long as such
p a r t i e s remain in f u l l compliance .

180 5 . You are not r equ i r ed to accept t h i s License , s i n c e you have not
s igned i t . However , nothing e l s e grants you permis s ion to modify or
d i s t r i b u t e the Program or i t s d e r i v a t i v e works . These a c t i on s are
p roh ib i t ed by law i f you do not accept t h i s L i cense . Therefore , by
modifying or d i s t r i b u t i n g the Program ( or any work based on the

185 Program ) , you i nd i c a t e your acceptance o f t h i s L i cense to do so , and
a l l i t s terms and cond i t i on s f o r copying , d i s t r i b u t i n g or modifying
the Program or works based on i t .

6 . Each time you r e d i s t r i b u t e the Program ( or any work based on the
190 Program ) , 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 to copy , d i s t r i b u t e or modify the Program sub j e c t to
these terms and cond i t i on 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 r e c i p i e n t s ’ e x e r c i s e o f the r i g h t s granted he re in .
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 to
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195 t h i s L i cense .

7 . I f , as a consequence o f a court judgment or a l l e g a t i o n o f patent
in f r ingement or f o r any other reason ( not l im i t ed to patent i s s u e s ) ,
c ond i t i on s are imposed on you ( whether by court order , agreement or

200 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
d i s t r i b u t e 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 d i s t r i b u t e the Program at a l l . For example , i f a patent

205 l i c e n s e would not permit roya l ty − f r e e r e d i s t r i b u t i o n o f the Program by
a l l those who r e c e i v e cop i e s d i r e c t l y or i n d i r e c t l y through you , then
the only way you could s a t i s f y both i t and t h i s L i cense would be to
r e f r a i n e n t i r e l y from d i s t r i b u t i o n o f the Program .

210 I f any por t i on o f t h i s s e c t i o n i s he ld i n v a l i d or unen fo rceab l e under
any p a r t i c u l a r c ircumstance , the balance o f the s e c t i o n i s intended to
apply and the s e c t i o n as a whole i s intended to apply in other
c i r cumstances .

215 I t i s not the purpose o f t h i s s e c t i o n to induce you to i n f r i n g e any
patents or other property r i g h t c la ims or to cont e s t v a l i d i t y o f any
such c la ims ; t h i s s e c t i o n has the s o l e purpose o f p r o t e c t i ng the
i n t e g r i t y o f the f r e e so f tware d i s t r i b u t i o n system , which i s
implemented by pub l i c l i c e n s e p r a c t i c e s . Many people have made

220 generous c on t r i bu t i on s to the wide range o f so f tware d i s t r i b u t e d
through that system in r e l i a n c e on c on s i s t e n t app l i c a t i o n o f that
system ; i t i s up to the author /donor to dec ide i f he or she i s w i l l i n g
to d i s t r i b u t e so f tware through any other system and a l i c e n s e e cannot
impose that cho i c e .

225

This s e c t i o n i s intended to make thoroughly c l e a r what i s b e l i e v ed to
be a consequence o f the r e s t o f t h i s L i cense .

8 . I f the d i s t r i b u t i o n and/or use o f the Program i s r e s t r i c t e d in
230 c e r t a i n c oun t r i e s e i t h e r by patents or by copyr ighted i n t e r f a c e s , the

o r i g i n a l copyr ight ho lder who p l a c e s the Program under t h i s L i cense
may add an e x p l i c i t g eog raph i ca l d i s t r i b u t i o n l im i t a t i o n exc lud ing
those count r i e s , so that d i s t r i b u t i o n i s permitted only in or among
coun t r i e s not thus excluded . In such case , t h i s L i cense i n c o rpo r a t e s

235 the l im i t a t i o n as i f wr i t t en in the body o f t h i s L i cense .

9 . 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 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

240 address new problems or concerns .

Each ve r s i on i s g iven a d i s t i n g u i s h i n g ve r s i on number . I f the Program
s p e c i f i e s a ve r s i on number o f t h i s L i cense which app l i e s to i t and ”any
l a t e r v e r s i on ” , you have the opt ion o f f o l l ow i n g the terms and cond i t i on s

245 e i t h e r o f that ve r s i on or o f any l a t e r v e r s i on publ i shed by the Free
Software Foundation . I f the Program does not s p e c i f y a ve r s i on number o f
t h i s License , you may choose any ve r s i on ever publ i shed by the Free Software
Foundation .

250 10 . I f you wish to in co rpo ra t e par t s o f the Program in to other f r e e
programs whose d i s t r i b u t i o n cond i t i on s are d i f f e r e n t , wr i t e to the author

50



gruff LICENSE

to ask f o r permis s ion . For so f tware which i s copyr ighted by the Free
Software Foundation , wr i t e to the Free Software Foundation ; we sometimes
make except i on s f o r t h i s . Our d e c i s i o n w i l l be guided by the two goa l s

255 o f p r e s e rv ing the f r e e s t a tu s o f a l l d e r i v a t i v e s o f our f r e e so f tware and
o f promoting the shar ing and reuse o f so f tware g en e r a l l y .

NO WARRANTY

260 11 . BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO WARRANTY
FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN
OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES
PROVIDE THE PROGRAM ”AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED
OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF

265 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.

270 12 . IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR
REDISTRIBUTE THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES,
INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING
OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED

275 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 SUCH DAMAGES.

280 END OF TERMS AND CONDITIONS

How to Apply These Terms to Your New Programs

I f you develop a new program , and you want i t to be o f the g r e a t e s t
285 po 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 n g no t i c e s to the program . I t i s s a f e s t
to attach them to the s t a r t o f each source f i l e to most e f f e c t i v e l y

290 convey 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 .>
Copyright (C) <year> <name o f author>

295

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 2 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

300

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

305

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 , wr i t e to the Free Software Foundation , Inc . ,
51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 USA.
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310 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 i s i n t e r a c t i v e , 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 :

315 Gnomovision ve r s i on 69 , Copyright (C) year name o f author
Gnomovision 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 .

320 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 , the commands you use may
be c a l l e d something other than ‘ show w’ and ‘ show c ’ ; they could even be
mouse− c l i c k s or menu items −−whatever s u i t s your program .

325 You should a l s o get your employer ( i f you work as a programmer ) or your
school , i f any , to s i gn a ” copyr ight d i s c l a ime r ” f o r the program , i f
nece s sa ry . Here i s a sample ; a l t e r the names :

Yoyodyne , Inc . , hereby d i s c l a ims a l l copyr ight i n t e r e s t in the program
330 ‘ Gnomovision ’ ( which makes pas s e s at compi l e r s ) wr i t t en by James Hacker .

<s i gna tu r e o f Ty Coon>, 1 Apr i l 1989
Ty Coon , Pres ident o f Vice

335 This General Publ ic L i cense does not permit i n co rpo ra t i ng your program in 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
Publ ic L i cense in s t ead o f t h i s L i cense .

29 Setup.hs

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

30 src/Browser.hs

module Browser ( Browser ( . . ) , browserNew , browserRenders ) where

import Prelude h id ing ( log , l i n e s )
import Control . Concurrent

5 ( MVar, newEmptyMVar , newMVar , takeMVar , putMVar , tryTakeMVar )
import Control .Monad ( foldM , forM , un les s , when)
import Data . IORef ( IORef , newIORef , readIORef , atomicModifyIORef )
import Data . L i s t ( sortBy )
import q u a l i f i e d Data .Map as M

10 import Data .Map (Map)
import Data .Maybe ( fromMaybe )
import Data . Ord ( comparing )
import q u a l i f i e d Data . Set as S
import Fore ign ( Ptr , a l l o ca , peek , nu l lPt r )

15 import Fore ign .C (CUChar)
import Graphics . Rendering .OpenGL hid ing

( viewport , Angle , Color , Point , Pos i t ion , S ize , S , R )
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import q u a l i f i e d Graphics . Rendering .OpenGL as GL
import Graphics . Rendering .OpenGL .Raw

20 ( glTexImage2D , gl TEXTURE 2D , gl RGBA , gl LUMINANCE
, gl UNSIGNED BYTE, gl FALSE , glClampColor
, gl CLAMP VERTEX COLOR, gl CLAMP READ COLOR, gl CLAMP FRAGMENT COLOR
, glGenFramebuffers , glBindFramebuffer , glFramebufferTexture2D
, gl FRAMEBUFFER, gl COLOR ATTACHMENT0, glGenerateMipmap

25 , gl FRAMEBUFFER COMPLETE, glCheckFramebuf ferStatus
, g lGetError
)

import Graphics . UI . Gtk h id ing
( get , Window , Viewport , Region , S ize , Action , Image , Label , l abe lText )

30 import q u a l i f i e d Graphics . UI . Gtk as GTK

import Graphics . Rendering .FTGL as FTGL

import Frac ta l .GRUFF (Complex ( ( :+) ) )
35

import GLUTGtk
( GLUTGtk, S i z e ( S i z e ) , Key(MouseButton ) , KeyState (Down) , Pos i t i on ( Pos i t i on )
, postRedisplay , widget , r e a l i z eCa l l ba ck , reshapeCal lback
, d i sp layCal lback , keyboardMouseCallback

40 )
import Shader ( shader )
import QuadTree (Quad ( . . ) )
import T i l e ( T i l e ( T i l e ) , f r e eT i l e )
import Ti leShake ( computeTiles )

45 import Logger ( Logger , LogLevel (Debug) )
import q u a l i f i e d Logger as Log
import Snapshot ( writeSnapshot )
import View

( Image ( . . ) , Window ( . . ) , Viewport ( . . ) , Label ( . . ) , Line ( . . )
50 , Bu f f e r S i z e ( . . ) , t i l e S i z e , d e l t a

, Colours ( . . ) , Colour ( . . )
, p ixe lLocat ion , originQuad , v i s ib leQuads , l o c a t i o nP i x e l
, defImage , defWindow , windowSize ’
)

55 import I n t e r a c t (MouseCallbacks , Mod ( . . ) , But ( . . ) )

import Pa th s g ru f f ( getDataFileName )

type QuadList = [ ( Complex Int , Quad) ]
60 data GruffImage = GruffImage

{ image : : Image
−− t i l e cache
, t i l e s : : Map Quad TextureObject
, queue : : MVar [ T i l e ]

65 , j obs : : MVar [Quad ]
, viewQuads : : ( QuadList , QuadList )
, worker : : Maybe ( IO ( ) )
, g l : : GLUTGtk
, cacheDir : : Fi lePath

70 , l og : : LogLevel −> St r ing −> IO ( )
, prog : : Program
, combineProg : : Program
, t shee t0 : : TextureObject
, t she e t1 : : TextureObject

53



gruff src/Browser.hs

75 , sheetCount0 : : Int
, sheetCount1 : : Int
, sheetCountTarget : : Int
, fbo : : GLuint
, cacheSizeMin : : Int

80 , cacheSizeMax : : Int
−− c a l l b a c k s
, ex i tCa l l back : : Maybe ( IO ( ) )
, reshapeCal lback : : Maybe ( Int −> Int −> IO ( ) )
, mouseCallback : : MouseCallbacks

85 , doneCallback : : Maybe ( IO ( ) )
, abortCal lback : : Maybe ( IO ( ) )
, doClear : : Bool
, f ont : : FTGL. Font
}

90

s h e e tS i z e : : GruffImage −> Bu f f e rS i z e
sh e e tS i z e g =

l e t i = image g
w = imageWindow i

95 d = sq r t ( supersamples w) ∗ windowSize ’ w
t = roundUp2 ( c e i l i n g d)

in Bu f f e rS i z e { t e x e l s = t }

roundUp2 : : Int −> Int −− f a i l s f o r too smal l and too l a r g e inputs
100 roundUp2 x = head . dropWhile ( x >=) . i t e r a t e (2 ∗) $ 1

zoomPhase : : GruffImage −> Double
zoomPhase = de l t a . imageLocation . image

105 rotat ionA : : GruffImage −> Double
rotat ionA = o r i e n t . imageViewport . image

sheetBlend : : GruffImage −> ( Int , (Double , Double ) )
sheetBlend g =

110 l e t z = zoomPhase g
b = logBase 4 (4 ∗∗ z )
h = f l o o r b
d = f romInteg ra l h − b

in (h , (d , 1 − (1 − 4∗∗d) / (4∗∗ ( d+1) − 4∗∗d) ) )
115

blendFactor : : GruffImage −> Double
blendFactor = snd . snd . sheetBlend

iD i sp l ay : : IORef GruffImage −> IO ( )
120 iD i sp l ay iR = do

checkError ” d i sp l ay begin ”
s0 <− readIORef iR
mtls <− tryTakeMVar ( queue s0 )
case mtls o f

125 Just t l s −> do
putMVar ( queue s0 ) [ ]
forM t l s $ \ t i l e@ ( T i l e q ds ) −> do

l e t ( v0 , v1 ) = viewQuads s0
vqs = map snd ( v0 ++ v1 )

130 i f q ‘ elem ‘ vqs
then do

54



gruff src/Browser.hs

tde <− upload ds
checkError ”upload ds”
f r e eT i l e t i l e

135 atomicModifyIORef iR $ \ s ’ −>
( s ’{ t i l e s = M. i n s e r t q tde ( t i l e s s ’ ) } , ( ) )

e l s e do
f r e eT i l e t i l e

Nothing −> re turn ( )
140 s <− readIORef iR

log s Debug $ ” d i sp layCa l lback ” ++ show ( imageLocation ( image s ) )
c <− atomicModifyIORef iR $ \ s ’ −> ( s ’{ doClear = False } , doClear s ’ )
when c $ do

c l e a rShe e t s Fa l se
145 checkError ” c l e a r shee t F”

c l e a rShe e t s True
checkError ” c l e a r shee t T”
atomicModifyIORef iR $ \ s ’ −> ( s ’{ sheetCount0 = 0 , sheetCount1 = 0 } , ( ) )

( todo0 , upped0 ) <− renderSheet s Fa l se
150 checkError ” render shee t F”

( todo1 , upped1 ) <− renderSheet s True
checkError ” render shee t T”
atomicModifyIORef iR $ \ s ’ −>

( s ’{ viewQuads = ( todo0 , todo1 )
155 , sheetCount0 = sheetCount0 s ’ + upped0

, sheetCount1 = sheetCount1 s ’ + upped1
} , ( ) )

l e t w = width ( imageWindow ( image s ) )
h = he ight ( imageWindow ( image s ) )

160 GL. viewport $=
(GL. Pos i t i on 0 0 , GL. S i z e ( f r omInteg ra l w) ( f r omInteg ra l h ) )

checkError ” c l e a r V”
l oad Id en t i t y
checkError ” c l e a r I ”

165 ortho2D 0 ( f r omInteg ra l w) 0 ( f r omInteg ra l h)
checkError ” c l e a r O”
c l e a rCo l o r $= Color4 0 .5 0 .5 0 .5 1
checkError ” c l e a r CC”
c l e a r [ Co lorBuf f e r ]

170 checkError ” c l e a r C”
currentProgram $= Just ( combineProg s )
checkError ” shader 1”
l s h e e t 0 <− get $ uni formLocat ion ( combineProg s ) ” sheet0 ”
checkError ” shader 2a”

175 l s h e e t 1 <− get $ uni formLocat ion ( combineProg s ) ” sheet1 ”
checkError ” shader 2b”
lb l end <− get $ uni formLocat ion ( combineProg s ) ”blend”
checkError ” shader 2c”
uniform l s h e e t 0 $= TexCoord1 (0 : : GLint )

180 checkError ” shader 3a”
uniform l s h e e t 1 $= TexCoord1 (1 : : GLint )
checkError ” shader 3b”
uniform lb l end $= TexCoord1 ( realToFrac ( blendFactor s ) : : GLfloat )
checkError ” shader 3c”

185 act iveTexture $= TextureUnit 0
checkError ” shader 4”
textureBind ing Texture2D $= Just ( t shee t0 s )
checkError ” shader 5”
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act iveTexture $= TextureUnit 1
190 checkError ” shader 6”

textureBind ing Texture2D $= Just ( t shee t1 s )
checkError ” shader 7”
l e t t x0 y0 = texCoord $ TexCoord2 ( 0 . 5 + x ’ : : GLdouble ) ( 0 . 5 + y ’ : : ⤦

Ç GLdouble )
where

195 p = realToFrac . s q r t . a spect . imageViewport . image $ s
x = k ∗ x0 ∗ p
y = k ∗ y0 / p
a = − rotat ionA s
co = realToFrac $ cos a

200 s i = realToFrac $ s i n a
x ’ = co ∗ x + s i ∗ y
y ’ = − s i ∗ x + co ∗ y

v : : Int −> Int −> IO ( )
v x y = vertex $ Vertex2

205 ( f r omInteg ra l x : : GLdouble ) ( f r omInteg ra l y : : GLdouble )
k = 0.125 ∗ realToFrac ( 0 . 5 ∗∗ zoomPhase s ) : : GLdouble

r ende rPr imi t i v e Quads $ do
t (−1) 1 >> v 0 h
t (−1) (−1) >> v 0 0

210 t 1 (−1) >> v w 0
t 1 1 >> v w h

checkError ”quad”
textureBind ing Texture2D $= Nothing
checkError ” shader 8”

215 act iveTexture $= TextureUnit 0
checkError ” shader 9”
textureBind ing Texture2D $= Nothing
checkError ” shader A”
currentProgram $= Nothing

220 checkError ” shader B”

−− save s t a t e
m <− get matrixMode
matrixMode $= Modelview 0

225 co lour0 <− get cur rentCo lor
−− p i x e l mapping
l e t i = image s

locP = l o c a t i o nP i x e l ( imageWindow i ) ( imageViewport i ) ( imageLocation i )
locL (a , b) = [ locP a , locP b ]

230 −− draw l i n e s
forM ( imageLines i ) $ \ l −> do

l e t ps = concatMap locL ( l ineSegments l )
Colour r g b = l in eCo lou r l

cur rentCo lor $= Color4 ( realToFrac r ) ( realToFrac g ) ( realToFrac b) 1
235 r ende rPr imi t i v e Lines $ forM ps $ \(x , y ) −> do

ver tex $ Vertex2 ( realToFrac x ) ( f r omInteg ra l h − realToFrac y : : GLdouble⤦
Ç )

−− draw l a b e l s
forM ( imageLabels i ) $ \ l −> do

l e t (x , y ) = locP ( labe lCoords l )
240 Colour r g b = labe lCo lour l

cur rentCo lor $= Color4 ( realToFrac r ) ( realToFrac g ) ( realToFrac b) 1
t r a n s l a t e ( Vector3 ( realToFrac x ) ( f r omInteg ra l h − realToFrac y ) (0 : : ⤦

Ç GLdouble ) )
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renderFont ( font s ) ( l abe lText l ) Al l
t r a n s l a t e ( Vector3 (− realToFrac x ) ( realToFrac y − f r omInteg ra l h ) (0 : : ⤦

Ç GLdouble ) )
245 −− r e s t o r e s t a t e

cur rentCo lor $= co lour0
matrixMode $= m

s ’ ’ <− readIORef iR
250 when ( sheetCount0 s ’ ’ + sheetCount1 s ’ ’ >= sheetCountTarget s ’ ’ ) $ do

case doneCallback s o f
Nothing −> re turn ( )
Just act −> do

atomicModifyIORef iR $ \ s ’ −> ( s ’{ doneCallback = Nothing , abortCal lback⤦
Ç = Nothing } , ( ) )

255 act
prune iR
checkError ” d i sp l ay end”

c l e a rShe e t : : GruffImage −> Bool −> IO ( )
260 c l e a rShe e t s b = do

checkError ” c l e a rShe e t begin ”
l e t tw ’ = t e x e l s $ s h e e tS i z e s

th ’ = tw ’
tw = i f b then tw ’ ∗ 2 e l s e tw ’

265 th = i f b then th ’ ∗ 2 e l s e th ’
t sh e e t = ( i f b then t shee t1 e l s e t shee t0 ) s

bindFBO ( fbo s ) t sh e e t
checkError ” c l e a rShe e t fbo bind”
GL. viewport $=

270 (GL. Pos i t i on 0 0 , GL. S i z e ( f r omInteg ra l tw) ( f r omInteg ra l th ) )
checkError ” c l e a rShe e t V”
l oad Id en t i t y
checkError ” c l e a rShe e t I ”
c l e a rCo l o r $= Color4 0 0 1 1

275 checkError ” c l e a rShe e t CC”
c l e a r [ Co lorBuf f e r ]
checkError ” c l e a rShe e t C”
unbindFBO
checkError ” c l e a rShe e t fbo unbind”

280 textureBind ing Texture2D $= Just t sh e e t
checkError ” c l e a rShe e t tex bind”
glGenerateMipmap gl TEXTURE 2D
checkError ” c l e a rShe e t tex mipmap”
textureBind ing Texture2D $= Nothing

285 checkError ” c l e a rShe e t tex unbind”
checkError ” c l e a r end”

renderSheet : : GruffImage −> Bool −> IO ( [ ( Complex Int , Quad) ] , Int )
renderSheet s b = do

290 checkError ” renderSheet begin ”
l e t tw ’ = t e x e l s $ s h e e tS i z e s

th ’ = tw ’
tw = i f b then tw ’ ∗ 2 e l s e tw ’
th = i f b then th ’ ∗ 2 e l s e th ’

295 t sh e e t = ( i f b then t shee t1 e l s e t shee t0 ) s
vquads = ( i f b then snd e l s e f s t ) ( viewQuads s )

i f nu l l vquads then return ( [ ] , 0) e l s e do
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bindFBO ( fbo s ) t sh e e t
checkError ” renderSheet fbo bind”

300 GL. viewport $=
(GL. Pos i t i on 0 0 , GL. S i z e ( f r omInteg ra l tw) ( f r omInteg ra l th ) )

checkError ” renderSheet V”
l oad Id en t i t y
checkError ” renderSheet I ”

305 ortho2D 0 ( f r omInteg ra l tw) 0 ( f r omInteg ra l th )
checkError ” renderSheet O”
currentProgram $= Just ( prog s )
checkError ” renderSheet shader 1”
lde <− get $ uni formLocat ion ( prog s ) ”de”

310 checkError ” renderSheet shader u1”
l i t <− get $ uni formLocat ion ( prog s ) ” i t ”
checkError ” renderSheet shader u2”
l t t <− get $ uni formLocat ion ( prog s ) ” t t ”
checkError ” renderSheet shader u3”

315 l i n t <− get $ uni formLocat ion ( prog s ) ” i n t e r i o r ”
checkError ” renderSheet shader u4”
lbrd <− get $ uni formLocat ion ( prog s ) ” border ”
checkError ” renderSheet shader u5”
l e x t <− get $ uni formLocat ion ( prog s ) ” e x t e r i o r ”

320 checkError ” renderSheet shader u6”
uniform lde $= TexCoord1 (0 : : GLint )
checkError ” renderSheet shader t1 ”
uniform l i t $= TexCoord1 (1 : : GLint )
checkError ” renderSheet shader t2 ”

325 uniform l t t $= TexCoord1 (2 : : GLint )
checkError ” renderSheet shader t3 ”
l e t ( c i , cb , ce ) = fromColours . imageColours . image $ s
uniform l i n t $= c i
checkError ” renderSheet shader s1 ”

330 uniform lbrd $= cb
checkError ” renderSheet shader s2 ”
uniform l e x t $= ce
checkError ” renderSheet shader s3 ”
todo <− foldM (\ a t −> do a ’ <− drawQuad ( t i l e s s ) t ; r e turn (a ’ ++ a ) ) [ ] ⤦

Ç vquads
335 checkError ” renderSheet drawQuads”

currentProgram $= Nothing
checkError ” renderSheet shader 2”
unbindFBO
checkError ” renderSheet fbo unbind”

340 l e t upped = length vquads − l ength todo
when ( upped > 0) $ do

textureBind ing Texture2D $= Just t sh e e t
checkError ” renderSheet tex bind”
glGenerateMipmap gl TEXTURE 2D

345 checkError ” renderSheet tex mipmap”
textureBind ing Texture2D $= Nothing
checkError ” renderSheet tex unbind”

checkError ” renderSheet end”
return ( todo , upped )

350

drawQuad : : Map Quad TextureObject −> (Complex Int , Quad) −> IO [ ( Complex Int , ⤦
Ç Quad) ]

drawQuad m ijq@ ( i :+ j , q ) = case q ‘M. lookup ‘ m o f
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Nothing −> re turn [ i j q ]
Just tde −> do

355 checkError ”drawQuad begin ”
l e t t x y = texCoord $ TexCoord2 (x : : GLdouble ) ( y : : GLdouble )

v x y = vertex $ Vertex2 (x : : GLdouble ) ( y : : GLdouble )
x0 = f romInteg ra l i
y0 = f romInteg ra l j

360 x1 = x0 + f romInteg ra l t i l e S i z e
y1 = y0 + f romInteg ra l t i l e S i z e

act iveTexture $= TextureUnit 0
checkError ”drawQuad tex 0”
textureBind ing Texture2D $= Just tde

365 checkError ”drawQuad tex 0b”
rende rPr imi t i v e Quads $ do

co l o r $ Color3 1 1 ( 1 : : GLdouble )
t 0 1 >> v x0 y1
t 0 0 >> v x0 y0

370 t 1 0 >> v x1 y0
t 1 1 >> v x1 y1

checkError ”drawQuad render ”
act iveTexture $= TextureUnit 0
checkError ”drawQuad tex 4”

375 textureBind ing Texture2D $= Nothing
checkError ”drawQuad tex 5b”
return [ ]

iReshape : : IORef GruffImage −> Maybe Double −> S i z e −> IO ( )
380 iReshape iR ms s i z e ’@( S i z e w h) = do

s ’ <− readIORef iR
log s ’ Debug $ ” reshapeCal lback ” ++ show s i z e ’
l e t s s = case ms o f Nothing −> supersamples ( imageWindow ( image s ’ ) ) ; Just r ⤦

Ç −> r
atomicModifyIORef iR $ \ s −> ( s { image = ( image s )

385 { imageWindow = ( imageWindow ( image s ) ) { width = w, he ight = h , supersamples⤦
Ç = ss }

, imageViewport = ( imageViewport ( image s ) ) { aspect = f romInteg ra l w / ⤦
Ç f r omInteg ra l h }

} } , ( ) )
s ’ ’ <− readIORef iR
un l e s s ( s h e e tS i z e s ’ == she e tS i z e s ’ ’ ) ( r e a l l o c a t eBu f f e r s iR )

390 case Browser . reshapeCal lback s ’ o f
Nothing −> re turn ( )
Just act −> act w h

iMouse : : IORef GruffImage −> Key −> KeyState −> [ Mod i f i e r ] −> Pos i t i on −> IO ( )
395 iMouse sR (MouseButton but ) Down mods p@( Pos i t i on x y ) | but ‘ elem ‘ buts = do

l e t s h i f t = Sh i f t ‘ elem ‘ mods
c t r l = Control ‘ elem ‘ mods
m | s h i f t && c t r l = SC

| c t r l = C
400 | s h i f t = S

| otherwi s e = U
b = case but o f

LeftButton −> L
MiddleButton −> M

405 RightButton −> R
−> e r r o r ” wease l s ! ! ! ! 1 1 1 one”

59



gruff src/Browser.hs

s <− readIORef sR
log s Debug $ ”mouse ” ++ show (b , m) ++ ” ” ++ show p
case (b , m) ‘M. lookup ‘ mouseCallback s o f

410 Nothing −> re turn ( )
Just cb −> do

l e t i = image s
c = p ixe lLoca t i on ( imageWindow i ) ( imageViewport i ) ( imageLocation i ) ⤦

Ç x y
cb c i

415 where buts = [ LeftButton , MiddleButton , RightButton ]
iMouse = return ( )

quadDistance : : Quad −> Quad −> ( Int , Double )
quadDistance q0 q1 =

420 l e t Quad{ quadLevel = l0 , quadWest = r0 , quadNorth = i0 } = q0
Quad{ quadLevel = l , quadWest = r , quadNorth = i } = q1
dl = sqr ( f r omInteg ra l l − f r omInteg ra l l 0 )
d x x0

| l > l 0 = f romInteg ra l $ sqr ( x − x0 ∗ 2 ˆ ( l − l 0 ) )
425 | l == l0 = f romInteg ra l $ sqr ( x − x0 )

| l < l 0 = f romInteg ra l $ sqr ( x0 − x ∗ 2 ˆ ( l 0 − l ) )
d = e r r o r ” s co r e ”

in ( l , d l + d r r0 + d i i 0 )

430 sqr : : Num a => a −> a
sqr x = x ∗ x

prune : : IORef GruffImage −> IO ( )
prune sR = do

435 s0 <− readIORef sR
l e t cacheS i ze = M. s i z e ( t i l e s s0 )
when ( cacheS i ze > cacheSizeMax s0 ) $ do

checkError ”prune begin ”
log s0 Debug . concat $

440 [ ” pruning tex ture cache ”
, show cacheSize , ” > ” , show ( cacheSizeMax s0 )
, ” −−> ” , show ( cacheSizeMin s0 )
]

bad <− atomicModifyIORef sR $ \ s −>
445 l e t Just q0 = originQuad ( imageLocation ( image s ) ) ( s h e e tS i z e s )

s c o r e = quadDistance q0
o = comparing ( s co r e . f s t )
( good , bad )

= sp l i tA t ( cacheSizeMin s ) . sortBy o . M. t oL i s t . t i l e s $ s
450 in ( s { t i l e s = M. f romList good } , bad )

deleteObjectNames $ map snd bad
checkError ”prune end”

update : : IORef GruffImage −> IO ( )
455 update sR = do

s ’ <− readIORef sR
log s ’ Debug $ ”updateCal lback ”
( todo ’ , mstop ) <− atomicModifyIORef sR $ \ s −>

l e t i = image s
460 vq@( qs0 , qs1 ) = fromMaybe ( [ ] , [ ] ) $

v i s ib l eQuads ( imageWindow i ) ( imageViewport i ) ( imageLocation i ) (⤦
Ç s h e e tS i z e s )
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qs = qs0 ++ qs1
todo = S . f i l t e r ( ‘M. notMember ‘ t i l e s s ) (S . f romList (map snd qs ) )

in ( s { viewQuads = vq , sheetCountTarget = length qs , worker = Nothing } , (⤦
Ç todo , worker s ) )

465 −− cance l in −prog r e s s j obs that aren ’ t s t i l l needed
fromMaybe ( re turn ( ) ) mstop
stop <− computeTiles ( l og s ’ Debug) ( doneTi le sR) ( cacheDir s ’ ) todo ’
atomicModifyIORef sR $ \ s −> ( s { worker = Just stop } , ( ) )

470 doneTi le : : IORef GruffImage −> Ti l e −> IO ( )
doneTi le sR t = do

s <− readIORef sR
l e t qu = queue s
t s <− takeMVar qu

475 putMVar qu ( t : t s )

t imer : : IORef GruffImage −> IO ( )
t imer sR = do

s <− readIORef sR
480 mtls <− tryTakeMVar ( queue s )

case mtls o f
Just t l s −> do

putMVar ( queue s ) t l s
un l e s s ( nu l l t l s ) $ postRedi sp lay ( g l s )

485 −> re turn ( )

upload : : Ptr CUChar −> IO TextureObject
upload p = do

checkError ”upload begin ”
490 [ tex ] <− genObjectNames 1

checkError ”upload 1”
tex ture Texture2D $= Enabled
checkError ”upload 2”
textureBind ing Texture2D $= Just tex

495 checkError ”upload 3”
glTexImage2D gl TEXTURE 2D 0 ( f r omInteg ra l gl LUMINANCE)

( f r omInteg ra l t i l e S i z e ) ( f r omInteg ra l t i l e S i z e ) 0
gl LUMINANCE gl UNSIGNED BYTE p

checkError ”upload 4”
500 t e x t u r eF i l t e r Texture2D $= (( Nearest , Nothing ) , Nearest )

checkError ”upload 5”
textureWrapMode Texture2D GL. S $= (Repeated , ClampToEdge)
checkError ”upload 6”
textureWrapMode Texture2D GL.T $= (Repeated , ClampToEdge)

505 checkError ”upload 7”
textureBind ing Texture2D $= Nothing
checkError ”upload 7”
tex ture Texture2D $= Disabled
checkError ”upload end”

510 re turn tex

msPerFrame : : Int
msPerFrame = 200

515 data Browser = Browser
{ browserWindow : : GTK.Window
, browserGL : : GLUTGtk
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, browserRender : : Image −> IO ( ) −> IO ( ) −> IO ( )
, browserAbort : : IO ( )

520 , browserSaveImage : : Fi lePath −> IO ( )
, browserSetExitCal lback : : IO ( ) −> IO ( )
, browserSetReshapeCal lback : : ( Int −> Int −> IO ( ) ) −> IO ( )
, browserSetMouseCallback : : MouseCallbacks −> IO ( )
}

525

browserRenders : : Browser −> [ ( Image , Fi lePath ) ] −> IO ( )
browserRenders [ ] = pr in t ”done”
browserRenders b ( ( i , f ) : i f s ) = do

r e s u l t <− newEmptyMVar
530 postGUISync $ do

browserRender b i
( browserSaveImage b f >> putMVar r e s u l t True )
(putMVar r e s u l t Fa l se )

postRedi sp lay ( browserGL b)
535 r <− takeMVar r e s u l t

i f r then browserRenders b i f s e l s e p r i n t ” aborted ”

browserNew : : GLUTGtk −> Pixbuf −> Logger −> Fi lePath −> IO Browser
browserNew gl ’ i con l g cacheDir ’ = do

540 −− image window
iw <− windowNew
l e t defW = width defWindow

defH = he ight defWindow
windowSetDefaultSize iw defW defH

545 windowSetGeometryHints iw ( Nothing ‘ asTypeOf ‘ Just iw )
( Just (160 , 120) ) ( Just (4096 , 4096) ) Nothing Nothing Nothing

s e t iw
[ containerBorderWidth := 0
, conta ine rCh i ld := widget gl ’

550 , windowIcon := Just i con
, windowTitle := ” g r u f f browser ”
]

queue ’ <− newMVar [ ]
jobs ’ <− newMVar [ ]

555 iR <− newIORef GruffImage
−− image parameters

{ image = defImage
−− c a l l b a c k s

, ex i tCa l l back = Nothing
560 , Browser . reshapeCal lback = Nothing

, mouseCallback = M. empty
, doneCallback = Nothing
, abortCal lback = Nothing
−− job queue

565 , t i l e s = M. empty
, queue = queue ’
, j obs = jobs ’
, viewQuads = ( [ ] , [ ] )
, g l = gl ’

570 , cacheDir = cacheDir ’
, l og = Log . l og l g
, worker = Nothing
, prog = e r r o r ”prog”
, fbo = 0
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575 , combineProg = e r r o r ”combineProg”
, t shee t0 = TextureObject 0
, t shee t1 = TextureObject 0
, sheetCount0 = 0
, sheetCount1 = 0

580 , sheetCountTarget = maxBound
, cacheSizeMin = 1000
, cacheSizeMax = 1500
, doClear = False
, f ont = e r r o r ” font ”

585 }
r e a l i z eCa l l b a c k gl ’ $= iRea l i z e iR
GLUTGtk. reshapeCal lback gl ’ $= iReshape iR Nothing
d i sp layCa l lback gl ’ $= iDi sp l ay iR
l e t browserAbort ’ = do

590 (mwork , act ) <− atomicModifyIORef iR $ \ s −> ( s
{ doneCallback = Nothing
, abortCal lback = Nothing
, worker = Nothing
} , ( worker s , abortCal lback s ) )

595 fromMaybe ( re turn ( ) ) mwork
fromMaybe ( re turn ( ) ) act

atExi t = do
i <− readIORef iR
case ex i tCa l l back i o f

600 Nothing −> re turn ( )
Just act −> act

browserRender ’ img done aborted = do
s <− readIORef iR
l e t wr = width ( imageWindow img )

605 hr = he ight ( imageWindow img )
un l e s s ( width ( imageWindow ( image s ) ) == wr &&

he ight ( imageWindow ( image s ) ) == hr ) $ do
windowResize iw wr hr

atomicModifyIORef iR $ \ s ’ −> ( s ’{ image = img } , ( ) )
610 s ’ <− readIORef iR

un l e s s ( s h e e tS i z e s == she e tS i z e s ’ ) ( r e a l l o c a t eBu f f e r s iR )
atomicModifyIORef iR $ \ i −> ( i

{ doneCallback = Just done
, abortCal lback = Just aborted

615 , doClear = True
} , ( ) )

update iR
browserSaveImage ’ fname = do

s <− readIORef iR
620 writeSnapshot fname (GL. Pos i t i on 0 0)

(GL. S i z e ( f r omInteg ra l ( width ( imageWindow ( image s ) ) ) )
( f r omInteg ra l ( he ight ( imageWindow ( image s ) ) ) ) )

browserSetExitCal lback ’ act = atomicModifyIORef iR $ \ i −>
( i { ex i tCa l l back = Just act } , ( ) )

625 browserSetReshapeCallback ’ act = atomicModifyIORef iR $ \ i −>
( i { Browser . reshapeCal lback = Just act } , ( ) )

browserSetMouseCallback ’ act = atomicModifyIORef iR $ \ i −>
( i { mouseCallback = act } , ( ) )

keyboardMouseCallback gl ’ $= iMouse iR
630 <− timeoutAdd ( t imer iR >> re turn True ) msPerFrame

<− iw ‘ onDestroy ‘ atExi t
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re turn Browser
{ browserWindow = iw
, browserGL = gl ’

635 , browserRender = browserRender ’
, browserAbort = browserAbort ’
, browserSaveImage = browserSaveImage ’
, browserSetExitCal lback = browserSetExitCal lback ’
, browserSetReshapeCal lback = browserSetReshapeCallback ’

640 , browserSetMouseCallback = browserSetMouseCallback ’
}

fromColours : : Colours −> ( Color3 GLfloat , Color3 GLfloat , Color3 GLfloat )
fromColours c =

645 ( fromColour ( c o l o u r I n t e r i o r c )
, fromColour ( colourBoundary c )
, fromColour ( c o l ou rEx t e r i o r c )
)

650 fromColour : : Colour −> Color3 GLfloat
fromColour ( Colour r g b) = Color3 ( realToFrac r ) ( realToFrac g ) ( realToFrac b)

iR e a l i z e : : IORef GruffImage −> IO ( )
iR e a l i z e iR = do

655 checkError ” r e a l i z e begin ”
s <− readIORef iR
log s Debug ” r e a l i z eCa l l b a c k ”
drawBuffer $= BackBuffers
checkError ” r e a l i z e db”

660 glClampColor gl CLAMP VERTEX COLOR gl FALSE
checkError ” r e a l i z e c l v ”
glClampColor gl CLAMP READ COLOR gl FALSE
checkError ” r e a l i z e c l r ”
glClampColor gl CLAMP FRAGMENT COLOR gl FALSE

665 checkError ” r e a l i z e c l f ”
f <− getDataFileName ”minimal . f r a g ”
prog ’ <− shader Nothing ( Just f )
checkError ” r e a l i z e s1 ”
f ’ <− getDataFileName ”merge . f r a g ”

670 combineProg ’ <− shader Nothing ( Just f ’ )
checkError ” r e a l i z e s2 ”
fbo ’ <− newFBO
checkError ” r e a l i z e fbo ”
[ t sheet0 ’ , t sheet1 ’ ] <− genObjectNames 2

675 checkError ” r e a l i z e sh e e t s ”
−− FIXME hardcoded font path
font ’ <− createTextureFont ”/ usr / share / f on t s / t ruetype / t t f −dejavu/⤦

Ç DejaVuSansMono−Bold . t t f ”
−− FIXME destroyFont ( f ont s ) at e x i t

<− setFontFaceS ize font ’ 16 72
680 atomicModifyIORef iR $ \ i −> ( i

{ prog = prog ’
, fbo = fbo ’
, combineProg = combineProg ’
, t she e t0 = tsheet0 ’

685 , t she e t1 = tsheet1 ’
, sheetCount0 = 0
, sheetCount1 = 0

64



gruff src/Browser.hs

, sheetCountTarget = maxBound
, f ont = font ’

690 } , ( ) )
r e a l l o c a t eBu f f e r s iR
checkError ” r e a l i z e end”

r e a l l o c a t eBu f f e r s : : IORef GruffImage −> IO ( )
695 r e a l l o c a t eBu f f e r s iR = do

checkError ” r e a l l o c a t e begin ”
s <− readIORef iR
l e t tw ’ = t e x e l s $ s h e e tS i z e s

th ’ = tw ’
700 t s = [ t shee t0 s , t shee t1 s ]

forM ( t s ‘ z ip ‘ [ ( tw ’ , th ’ ) , ( tw ’ ∗ 2 , th ’ ∗ 2) ] ) $ \( t , ( tw , th ) ) −> do
tex ture Texture2D $= Enabled
checkError ” r e a l l o c a t e 1”
textureBind ing Texture2D $= Just t

705 checkError ” r e a l l o c a t e 2”
glTexImage2D gl TEXTURE 2D 0 ( f r omInteg ra l gl RGBA)

( f r omInteg ra l tw) ( f r omInteg ra l th ) 0 gl RGBA gl UNSIGNED BYTE
nu l lPt r

checkError ” r e a l l o c a t e 3”
710 t e x t u r eF i l t e r Texture2D $= (( Linear ’ , Just Linear ’ ) , Linear ’ )

checkError ” r e a l l o c a t e 4”
textureWrapMode Texture2D GL. S $= (Repeated , ClampToEdge)
checkError ” r e a l l o c a t e 5”
textureWrapMode Texture2D GL.T $= (Repeated , ClampToEdge)

715 checkError ” r e a l l o c a t e 6”
textureBind ing Texture2D $= Nothing
checkError ” r e a l l o c a t e 7”
t ex ture Texture2D $= Disabled
checkError ” r e a l l o c a t e 8”

720 atomicModifyIORef iR $ \ s ’ −>
( s ’{ sheetCount0 = 0 , sheetCount1 = 0 , sheetCountTarget = maxBound } , ( ) )

checkError ” r e a l l o c a t e end”

newFBO : : IO GLuint
725 newFBO = a l l o c a $ \p −> glGenFramebuffers 1 p >> peek p

bindFBO : : GLuint −> TextureObject −> IO ( )
bindFBO f ( TextureObject t ) = do

checkError ”bindFBO begin ”
730 glBindFramebuffer gl FRAMEBUFFER f

checkError ”bindFBO 1”
glFramebufferTexture2D gl FRAMEBUFFER gl COLOR ATTACHMENT0 gl TEXTURE 2D t 0
checkError ”bindFBO 2”
e r r <− glCheckFramebufferStatus gl FRAMEBUFFER

735 when ( e r r /= gl FRAMEBUFFER COMPLETE) $
putStrLn (”OpenGL f ramebu f f e r e r r o r : ” ++ show e r r )

checkError ”bindFBO end”

unbindFBO : : IO ( )
740 unbindFBO = do

checkError ”unbindFBO begin ”
glFramebufferTexture2D gl FRAMEBUFFER gl COLOR ATTACHMENT0 gl TEXTURE 2D 0 0
checkError ”unbindFBO 1”
glBindFramebuffer gl FRAMEBUFFER 0
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745 checkError ”unbindFBO end”

checkError : : S t r ing −> IO ( )
checkError s = do

e r r <− glGetError
750 when ( e r r /= 0) $ putStrLn (”OpenGL e r r o r (” ++ s ++ ”) : ” ++ show e r r )

31 src/Compute.hs

{−# LANGUAGE Flex ib l eContexts , MultiParamTypeClasses #−}
module Compute ( compute ) where

import Control .Monad ( forM , forM , l i f tM2 , when)
5 −− import Control . P a r a l l e l . S t r a t e g i e s (parMap , r s eq )

import Data . B i t s ( b i t )
import Data . E i ther ( p a r t i t i o nE i t h e r s )
import Data . IORef ( IORef , newIORef , readIORef , writeIORef )
import Data . Ix ( range , inRange )

10 import Data .Maybe ( catMaybes )
import Data . Monoid (mappend)
import Data . Set ( Set )
import q u a l i f i e d Data . Set as S
import Fore ign ( Ptr , peekElemOff , pokeElemOff )

15 import Fore ign .C (CUChar)

−− import Numeric .QD (DoubleDouble ( DoubleDouble ) , QuadDouble (QuadDouble ) )
import Data . Array . BitArray . IO hid ing (map)

20 import Frac ta l .GRUFF

data I t e r z d = I t e r
{ i t e rZ : : ! ( Complex z )
, i t e rD : : ! ( Complex d)

25 , i t e rN : : ! Int
, i t e r I : : ! Int
, i t e r J : : ! Int
}

30 i n s t ance Eq ( I t e r z d) where
a == b = i t e r I a == i t e r I b && i t e r J a == i t e r J b
a /= b = i t e r I a /= i t e r I b | | i t e r J a /= i t e r J b

in s t ance Ord ( I t e r z d) where
35 a ‘ compare ‘ b = ( i t e r I a ‘ compare ‘ i t e r I b ) ‘mappend ‘ ( i t e r J a ‘ compare ‘ i t e r J⤦

Ç b)

i n i t i a l I t e r : : (Num z , Num (Complex z ) , Num d , Num (Complex d) ) => Int −> Int −>⤦
Ç I t e r z d

i n i t i a l I t e r i j = I t e r { i t e rZ = 0 , i te rD = 0 , i t e rN = 0 , i t e r I = i , i t e r J = j }

40 t i l eBounds : : ( ( Int , Int ) , ( Int , Int ) )
t i l eBounds = ( (0 , 0) , (255 , 255) )

compute : : NaturalNumber p => Ptr CUChar −> Complex (VFixed p) −> Int −> Int −> ⤦

Ç IO Int
compute i o d e in c@ ( cx0 :+ ) i n l e v e l i n i t e r s = do

45 maxIters <− newIORef (−1)
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a c t i v e <− newArray t i l eBounds Fa l se
f i n i s h e d <− newArray t i l eBounds Fa l se
l e t prec = p r e c i s i o n cx0

loop ’
50 : : ( NaturalNumber p ,

F loat ing d ,
Frac t i ona l z ,
Num (Complex z ) ,
Num (Complex d) ,

55 Real z ,
Real d ,
ComplexRect (Complex z ) z ,
ComplexRect (Complex d) d ,
RealToFrac ’ (VFixed p) z ,

60 RealToFrac ’ z d ,
RealToFrac ’ d Double )

=> Complex (VFixed p) −> Set ( I t e r z d) −> IO Int
loop ’ c = loop c a c t i v e f i n i s h e d maxIters Fa l se 1024
i n i t ’

65 : : (Num z , Num (Complex z ) , Num d , Num (Complex d) )
=> z −> d −> IO ( Set ( I t e r z d) )

i n i t ’ = i n i t i a l i z e a c t i v e f i n i s h e d
case prec o f

| prec < 48 −> loop ’ i n c =<< i n i t ’ double double
70 −− | prec < 96 −> loop ’ i n c =<< i n i t ’ ddouble double

−− | prec < 192 −> loop ’ i n c =<< i n i t ’ qdouble double
| prec < 480 −> loop ’ i n c =<< i n i t ’ cx0 double
| otherw i s e −> loop ’ i n c =<< i n i t ’ cx0 f24

75 where

double : : Double
double = 0

{−
80 ddouble : : DoubleDouble

ddouble = 0
qdouble : : QuadDouble
qdouble = 0

−}
85 i n i t i a l i z e

: : (Num z , Num (Complex z ) , Num d , Num (Complex d) )
=> IOBitArray ( Int , Int ) −> IOBitArray ( Int , Int ) −> z −> d −> IO ( Set (⤦

Ç I t e r z d) )
i n i t i a l i z e a c t i v e f i n i s h e d = (S . f romList . map ( uncurry i n i t i a l I t e r ) . ⤦

Ç catMaybes ) ‘ fmap ‘ mapM ( i n i t i a l i z e 1 a c t i v e f i n i s h e d ) ( range t i l eBounds⤦
Ç )

90 i n i t i a l i z e 1 : : IOBitArray ( Int , Int ) −> IOBitArray ( Int , Int ) −> ( Int , Int ) ⤦
Ç −> IO (Maybe ( Int , Int ) )

i n i t i a l i z e 1 a c t i v e f i n i s h e d i j = do
me <− peekElemOff i o d e ( o f f i j )
case me o f

| me == 255 −> writeArray f i n i s h e d i j True >> re turn Nothing
95 | me > 0 −> writeArray a c t i v e i j True >> re turn ( Just i j )

| otherw i s e −> re turn Nothing
{−

do
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edge <− fmap or $ forM ( range ( ( i −1 , j −1) , ( i +1, j +1) ) ) $ \ i i j j −> do
100 case inRange t i l eBounds i i j j o f

Fa l se −> re turn Fal se
True −> (0 <) ‘ fmap ‘ peekElemOff i o d e ( o f f i i j j )

case edge o f
Fa l se −> re turn Nothing

105 True −> re turn ( Just i j )
−}

o f f : : ( Int , Int ) −> Int
o f f ( i , j ) = 256 ∗ j + i

110

loop
: : ( NaturalNumber p , RealToFrac ’ (VFixed p) z , RealToFrac ’ z d , RealToFrac⤦

Ç ’ d Double , Real z , Real d , F ra c t i ona l z , F ra c t i ona l d , F loat ing d , ⤦
Ç ComplexRect (Complex z ) z , ComplexRect (Complex d) d , Num (Complex z⤦
Ç ) , Num (Complex d) )

=> Complex (VFixed p) −> IOBitArray ( Int , Int ) −> IOBitArray ( Int , Int ) −>⤦
Ç IORef Int −> Bool −> Int −> Set ( I t e r z d) −> IO Int

loop c0 a c t i v e f i n i s h e d maxIters progre s s ed s t e p i t e r s a c t i v eS e t
115 | S . nu l l a c t i v eS e t = done maxIters a c t i v eS e t

| s t e p i t e r s >= i n i t e r s = done maxIters a c t i v eS e t
| otherw i s e = loop ’ Fa l se S . empty a c t i v eS e t
where

loop ’ escaped unescaped todoss
120 | S . nu l l todoss && not escaped && progre s s ed = done maxIters unescaped

| S . nu l l todoss && not escaped = loop c0 a c t i v e f i n i s h e d maxIters ⤦
Ç progre s s ed (2 ∗ s t e p i t e r s ) unescaped

| S . nu l l todoss && escaped = loop c0 a c t i v e f i n i s h e d maxIters True⤦
Ç (2 ∗ s t e p i t e r s ) unescaped

| otherw i s e = do
l e t ( escapees , unescapees ) = pa r t i t i o nE i t h e r s . map (\ todo −> ⤦

Ç c a l c u l a t e s t e p i t e r s ( coord c0 todo ) todo ) . S . t oL i s t $ ⤦
Ç todoss

125 nexts <− (S . f romList . concat ) ‘ fmap ‘ mapM ( f i n a l i z e a c t i v e ⤦
Ç f i n i s h e d maxIters ) e s capee s

l e t o ld s = S . f romList unescapees ‘S . union ‘ unescaped
news = nexts ‘S . d i f f e r e n c e ‘ o ld s −− l e f t b ia sed
escaped ’ = escaped | | not (S . nu l l news )

loop ’ escaped ’ o ld s news
130

escapeRadius2 : : Num z => z
escapeRadius2 = 65536

s c a l e I : : I n t eg e r
135 s c a l e I = 32 ∗ b i t i n l e v e l

s ca l e ’ : : F ra c t i ona l z => z
s ca l e ’ = r e c i p ( f romInteger s c a l e I )

140 s c a l e : : Num d => d
s c a l e = fromInteger s c a l e I

coord : : ( NaturalNumber p , RealToFrac ’ (VFixed p) z ) => Complex (VFixed p) ⤦
Ç −> I t e r z d −> Complex z

coord c0 i t e r = fmap realToFrac ’ $
145 c0 + sca l e ’ .∗ ( f r omInteg ra l ( i t e r I i t e r ) :+ f romInteg ra l ( i t e r J i t e r ) )
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c a l c u l a t e : : ( RealToFrac ’ z d , Real z , Real d , F rac t i ona l z , F rac t i ona l d , ⤦
Ç ComplexRect (Complex z ) z , Num (Complex z ) , Num (Complex d) ) => Int −>⤦
Ç Complex z −> I t e r z d −> Either ( I t e r z d) ( I t e r z d)

c a l c u l a t e s t e p i t e r s c i t e r
| magnitudeSquared ( i t e rZ i t e r ) >= escapeRadius2 = Le f t i t e r

150 | s t e p i t e r s <= 0 = Right i t e r
| otherw i s e = c a l c u l a t e ( s t e p i t e r s − 1) c ( s tep c i t e r )

s tep : : ( RealToFrac ’ z d , Real z , Real d , F rac t i ona l z , F rac t i ona l d , ⤦
Ç ComplexRect (Complex z ) z , Num (Complex z ) , Num (Complex d) ) => ⤦
Ç Complex z −> I t e r z d −> I t e r z d

step c i@I t e r { i t e rZ = z , i te rD = d , i t e rN = n } =
155 i { i t e rZ = sqr z + c , i t e rD = l e t zd = fmap realToFrac ’ z ∗ d in zd + zd +⤦

Ç 1 , i t e rN = n + 1 }

f i n a l i z e
: : ( RealToFrac ’ z d , RealToFrac ’ d Double , Real z , Real d , F rac t i ona l z , ⤦

Ç Frac t i ona l d , F loat ing d , ComplexRect (Complex d) d , Num (Complex z )⤦
Ç , Num (Complex d) )

=> IOBitArray ( Int , Int ) −> IOBitArray ( Int , Int ) −> IORef Int −> I t e r z d⤦
Ç −> IO [ I t e r z d ]

160 f i n a l i z e a c t i v e f i n i s h e d maxIters I t e r { i t e rZ = z , i te rD = d , i t e rN = n , ⤦
Ç i t e r I = i , i t e r J = j } = do

m <− readIORef maxIters
when (n > m) $ writeIORef maxIters n
l e t k = o f f ( i , j )

z ’ = fmap realToFrac ’ z ‘ asTypeOf ‘ d
165 z2 = magnitudeSquared z ’

d i s t e : : Double
d i s t e = realToFrac ’ $ l og z2 ∗ s q r t ( z2 / magnitudeSquared d) ∗ s c a l e
d i s teB

| d i s t e > 4 = 255
170 | otherwi s e = round . clamp 1 254 . (∗ 255) . (/ 4) $ d i s t e

pokeElemOff i o d e k disteB
writeArray f i n i s h e d ( i , j ) True
writeArray a c t i v e ( i , j ) Fa l se
fmap catMaybes $ forM ( l i f tM2 ( , ) [ i −1 , i , i +1] [ j −1 , j , j +1]) $ \ i i j j @ ( i i , j j⤦

Ç ) −> do
175 i f not ( inRange t i l eBounds i i j j ) then return Nothing e l s e do

f i n <− readArray f i n i s h e d i i j j
act <− readArray a c t i v e i i j j
i f f i n | | act then return Nothing e l s e do

writeArray a c t i v e i i j j True
180 re turn $ Just ( i n i t i a l I t e r i i j j )

done : : IORef Int −> Set ( I t e r z d) −> IO Int
done maxIters a c t i v eS e t = do

forM (S . t oL i s t a c t i v eS e t ) $ \ I t e r { i t e r I = i , i t e r J = j } −> do
185 pokeElemOff i o d e ( o f f ( i , j ) ) 0

readIORef maxIters

clamp : : Ord a => a −> a −> a −> a
clamp mi ma x = mi ‘max ‘ x ‘min ‘ ma

190

c l a s s RealToFrac ’ a b where
realToFrac ’ : : a −> b
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i n s t ance RealToFrac ’ Double Double where
195 realToFrac ’ = id

in s t ance NaturalNumber p => RealToFrac ’ (VFixed p) (VFixed p) where
realToFrac ’ = id

200 i n s t ance NaturalNumber p => RealToFrac ’ ( VFloat p) ( VFloat p) where
realToFrac ’ = id

in s t ance NaturalNumber p => RealToFrac ’ (VFixed p) Double where
realToFrac ’ = realToFrac

205

i n s t ance (NaturalNumber p , NaturalNumber q ) => RealToFrac ’ (VFixed p) ( VFloat q )⤦
Ç where

realToFrac ’ = realToFrac −− FIXME be t t e r way?

in s t ance NaturalNumber p => RealToFrac ’ ( VFloat p) Double where
210 realToFrac ’ = uncurry encodeFloat . decodeFloat

{−
i n s t ance RealToFrac ’ DoubleDouble Double where

realToFrac ’ ( DoubleDouble x ) = realToFrac x

215 i n s t ance RealToFrac ’ QuadDouble Double where
realToFrac ’ (QuadDouble x ) = realToFrac x

in s t ance NaturalNumber p => RealToFrac ’ (VFixed p) DoubleDouble where
realToFrac ’ = realToFrac

220

i n s t ance NaturalNumber p => RealToFrac ’ (VFixed p) QuadDouble where
realToFrac ’ = realToFrac

−}

32 src/Fractal/GRUFF.hs

{− |
Module : Frac ta l .GRUFF
Copyright : ( c ) Claude Heiland −Allen 2011 ,2012
L icense : GPL−2

5

Maintainer : claude@mathr . co . uk
S t a b i l i t y : unstab le
Po r t a b i l i t y : po r tab l e

10 Support l i b r a r y f o r r ender ing animations o f the Mandelbrot Set f r a c t a l
us ing the g r u f f executab l e .

An example program might have a s t r u c tu r e s im i l a r to :

15 > import Frac ta l .GRUFF
>
> animation : : Animation
> animation = . . .
>

20 > main : : IO ( )
> main = defaultMain animation
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with i t s output fed to the g r u f f executab l e .

25 See a l s o :

∗ the @ruff@ package f o r f e a tu r e l o c a t i o n a lgor i thms ; and

∗ the @gruff −examples@ package f o r conc r e t e examples .
30

−}
module Frac ta l .GRUFF

( module Frac ta l . Mandelbrot
, Animation , Image ( . . ) , Window ( . . ) , Viewport ( . . ) , Locat ion ( . . )

35 , Colours ( . . ) , Colour ( . . ) , Label ( . . ) , labelAppend , labe lPrepend
, Line ( . . ) , fromScreenCoords , toScreenCoords , defaultMain
, fromVComplex
) where

40 import System . IO ( hFlush , stdout )

import Frac ta l . Mandelbrot

fromVComplex : : NaturalNumber n => CF n −> Complex Rat iona l
45 fromVComplex = fmap toRat iona l . toComplex

−− | Animation s p e c i f i c a t i o n
type Animation = [ ( Image , Fi lePath ) ]

50 −− | Image s p e c i f i c a t i o n .
data Image = Image

{ imageWindow : : !Window
, imageViewport : : ! Viewport
, imageLocation : : ! Locat ion

55 , imageColours : : ! Colours
, imageLabels : : [ Label ]
, imageLines : : [ Line ]
}
de r i v i ng (Read , Show , Eq)

60

−− | Window s p e c i f i c a t i o n .
data Window = Window

{ width : : ! Int
, he ight : : ! Int

65 , supersamples : : ! Double
}
de r i v i ng (Read , Show , Eq)

−− | Viewport s p e c i f i c a t i o n
70 data Viewport = Viewport

{ aspect : : ! Double −− width / he ight
, o r i e n t : : ! Double −− in rad ians
}
de r i v i ng (Read , Show , Eq)

75

−− | Locat ion s p e c i f i c a t i o n ( cente r o f view ) .
data Locat ion = Locat ion

{ cente r : : ! ( Complex Rat iona l )
, r ad iu s : : ! Rat iona l
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80 }
de r i v i ng (Read , Show , Eq)

−− | Colour s p e c i f i c a t i o n .
data Colours = Colours

85 { c o l o u r I n t e r i o r : : ! Colour
, colourBoundary : : ! Colour
, c o l ou rEx t e r i o r : : ! Colour
}
de r i v i ng (Read , Show , Eq)

90

−− | RGB co lour data ( each channel between 0 and 1) .
data Colour = Colour ! Double ! Double ! Double

d e r i v i ng (Read , Show , Eq)

95 −− | Labels can be added to po in t s in the complex plane .
data Label = Label

{ l abe lCoords : : ! ( Complex Rat iona l )
, l abe lCo lour : : ! Colour
, l abe lText : : S t r ing

100 }
de r i v i ng (Read , Show , Eq)

−− | Append a l a b e l to an image .
labelAppend : : Complex Rat iona l −> Colour −> St r ing −> Image −> Image

105 labelAppend c v t i = i { imageLabels = imageLabels i ++ [ Label{ l abe lCoords = c ,⤦
Ç l abe lCo lour = v , labe lText = t } ] }

−− | Prepend a l a b e l to an image .
labe lPrepend : : Complex Rat iona l −> Colour −> St r ing −> Image −> Image
labe lPrepend c v t i = i { imageLabels = [ Label{ l abe lCoords = c , l abe lCo lour = v⤦

Ç , l abe lText = t } ] ++ imageLabels i }
110

−− | Line segments .
data Line = Line

{ l ineSegments : : [ ( Complex Rational , Complex Rat iona l ) ]
, l i n eCo lou r : : ! Colour

115 }
de r i v i ng (Read , Show , Eq)

−− | Transform a point from sc r een coo rd ina t e s .
fromScreenCoords : : ( F rac t i ona l r , Real r ) => Window −> Viewport −> Locat ion −> ⤦

Ç Complex Double −> Complex r
120 fromScreenCoords w v l = \( x :+ y ) −>

l e t x1 = (2 ∗ x − w’ ) / w’ ∗ p
y1 = (h ’ − 2 ∗ y ) / h ’ / p
x2 = co ∗ x1 + s i ∗ y1
y2 = − s i ∗ x1 + co ∗ y1

125 x3 = r ∗ toRat iona l x2
y3 = r ∗ toRat iona l y2
x4 :+ y4 = ( x3 :+ y3 ) + c

in fromRational x4 :+ fromRational y4
where

130 p = sq r t ( aspect v )
w’ = f romInteg ra l ( width w)
h ’ = f romInteg ra l ( he ight w)
a = − o r i e n t v
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co = cos a
135 s i = s i n a

r = toRat iona l $ rad iu s l
c = cente r l

−− | Transform a point to s c r e en coo rd ina t e s .
140 toScreenCoords : : Real r => Window −> Viewport −> Locat ion −> Complex r −> ⤦

Ç Complex Double
toScreenCoords w v l = \(x ’ :+ y ’ ) −>

l e t x = ( x1 / p ∗ w’ + w’ ) / 2
y = ( y1 ∗ p ∗ h ’ − h ’ ) / (−2)
x1 = co ∗ x2 + s i ∗ y2

145 y1 = − s i ∗ x2 + co ∗ y2
x2 = fromRational ( x3 / r )
y2 = fromRational ( y3 / r )
x3 :+ y3 = ( toRat iona l x ’ :+ toRat iona l y ’ ) − c

in x :+ y
150 where

p = sq r t ( aspect v )
w’ = f romInteg ra l ( width w)
h ’ = f romInteg ra l ( he ight w)
a = o r i e n t v

155 co = cos a
s i = s i n a
r = toRat iona l ( rad iu s l )
c = cente r l

160 −− | S e r i a l i z e an animation to stdout .
defaultMain : : Animation −> IO ( )
defaultMain a = do

mapM (\ f −> pr in t f >> hFlush stdout ) a

33 src/GLUTGtk.hs

module GLUTGtk where

import Control .Monad ( j o i n )
import Control .Monad . Trans ( l i f t I O )

5 import Data . IORef ( IORef , newIORef , readIORef )
import Graphics . UI . Gtk h id ing ( S i z e )
import Graphics . UI . Gtk .OpenGL

type Rea l i z eCa l lback = IO ( )
10 type ReshapeCallback = S i z e −> IO ( )

type Disp layCal lback = IO ( )
type KeyboardMouseCallback = Key −> KeyState −> [ Mod i f i e r ] −> Pos i t i on −> IO ( )

data S i z e = S i z e Int Int
15 de r i v i ng (Eq , Ord , Show)

data Pos i t i on = Pos i t i on Double Double
d e r i v i ng (Eq , Ord , Show)

20 data KeyState = Down | Up
de r i v i ng (Eq , Ord , Show)

data Key = MouseButton MouseButton
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de r i v i ng (Eq , Show)
25

data GLUTGtk = GLUTGtk
{ r e a l i z eCa l l b a c k : : IORef Rea l i z eCa l lback
, reshapeCal lback : : IORef ReshapeCallback
, d i sp l ayCa l lback : : IORef Disp layCal lback

30 , keyboardMouseCallback : : IORef KeyboardMouseCallback
, postRedi sp lay : : IO ( )
, widget : : EventBox
}

35 g lu t : : S i z e −> IO GLUTGtk
g lu t ( S i z e width he ight ) = do

r ea l i z eCa l l ba ck ’ <− newIORef $ re turn ( )
d i sp layCa l lback ’ <− newIORef $ re turn ( )
reshapeCal lback ’ <− newIORef $ \ −> re turn ( )

40 keyboardMouseCallback ’ <− newIORef $ \ −> re turn ( )
c on f i g <− glConfigNew [ GLModeRGBA, GLModeDouble ]
canvas <− glDrawingAreaNew con f i g
widgetSetS izeRequest canvas width he ight
eventb <− eventBoxNew

45 s e t eventb [ containerBorderWidth := 0 , conta ine rCh i ld := canvas ]
<− onRea l i ze canvas $ withGLDrawingArea canvas $ \ −> j o i n ( readIORef ⤦
Ç r e a l i z eCa l l ba ck ’ )

<− canvas ‘ on ‘ conf igureEvent $ tryEvent $ do
(w, h) <− eventS i z e
l i f t I O $ do

50 cb <− readIORef reshapeCal lback ’
cb ( S i z e w h)

<− canvas ‘ on ‘ exposeEvent $ tryEvent $ l i f t I O $ withGLDrawingArea canvas $ ⤦
Ç \ g l −> do

j o i n ( readIORef d i sp layCal lback ’ )
glDrawableSwapBuffers g l

55 l e t handleButton s = do
b <− eventButton
(x , y ) <− eventCoord inates
ms <− eventModi f i e r
l i f t I O $ do

60 cb <− readIORef keyboardMouseCallback ’
cb (MouseButton b) s ms ( Pos i t i on x y )

<− eventb ‘ on ‘ buttonPressEvent $ tryEvent $ handleButton Down
<− eventb ‘ on ‘ buttonReleaseEvent $ tryEvent $ handleButton Up

return $ GLUTGtk
65 { r e a l i z eCa l l b a c k = rea l i z eCa l l ba ck ’

, d i sp l ayCa l lback = disp layCa l lback ’
, re shapeCal lback = reshapeCal lback ’
, keyboardMouseCallback = keyboardMouseCallback ’
, postRedi sp lay = widgetQueueDraw canvas

70 , widget = eventb
}

34 src/gruff.hs

module Main (main ) where

import Prelude h id ing ( catch , l og )
import Control . Concurrent ( forkIO )
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5 import Control .Monad ( forM )
import Data . IORef ( IORef , newIORef , readIORef , atomicModifyIORef , writeIORef )
import Data .Maybe (mapMaybe)
import Graphics . UI . Gtk h id ing ( get , Region , S ize , Window , Viewport )
import q u a l i f i e d Graphics . UI . Gtk as GTK

10 import Graphics . UI . Gtk .OpenGL ( initGL )
import Numeric .QD (QuadDouble )
import System . Di rec to ry ( getAppUserDataDirectory , c r e a t eD i r e c t o r y I fM i s s i n g )
import System . Fi lePath ((</>) )

15 import Frac ta l .GRUFF (Complex ( ( :+) ) , rea lPart , imagPart )

import Pa th s g ru f f ( getDataFileName )
import Browser ( Browser ( . . ) , browserNew , browserRenders )
import Progres s ( progressNew )

20 import I n t e r a c t ( mouseCallbacks )
import View

( Image ( . . ) , Locat ion ( . . ) , Viewport ( . . ) , Window ( . . )
, Colours ( . . ) , Colour ( . . ) , defImage , de fLocat ion
)

25 import GLUTGtk ( glut , S i z e ( S i z e ) , postRedi sp lay )
import Logger ( logger , LogLevel (Debug) )
import q u a l i f i e d Logger as Log
import U t i l s ( safeRead , catchIO )

30 e x i t : : ( LogLevel −> St r ing −> IO ( ) ) −> Fi lePath −> Gruff −> IO ( )
e x i t l g s t a t e F i l e g = do

l g Debug ” ex i tCa l lback ”
aDoSave s t a t e F i l e g
mainQuit

35

data GruffGUI = GruffGUI
−− buttons
{ bHome
, bLoad

40 , bSave
, bStop
, bClear : : Button
−− e n t r i e s
, eRealM , eRealE

45 , eImagM , eImagE
, eSizeM , eSizeE
, eRota
, eWidth
, eHeight

50 , eSamples : : Entry
−− co l ou r p i c k e r s
, c I n t e r i o r
, cBorder
, cExte r i o r : : ColorButton

55 −− windows
, wMain
, wImage : : GTK.Window
}

60 main : : IO ( )
main = do
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−− context s
<− initGUI
<− initGL

65 gl ’ <− g lu t minSize
−− d i r e c t o r i e s
appDir <− getAppUserDataDirectory ” g r u f f ”
l e t cacheDir ’ = appDir </> ” cache ”

logDi r = appDir </> ” log ”
70 s t a t e F i l e = appDir </> ” s t a t e . g r u f f ”

c r e a t eD i r e c t o r y I fM i s s i n g Fa l se appDir
c r e a t eD i r e c t o r y I fM i s s i n g Fa l se logDi r
l g <− l o gg e r logDi r
i con <− pixbufNewFromFile =<< getDataFileName ” icon . png”

75 browser <− browserNew gl ’ i con l g cacheDir ’
l e t iw = browserWindow browser
sg <− sizeGroupNew SizeGroupHor izonta l

l e t spac ing = 2
80

entryNewWithMnemonic m = entryNewWithMnemonic ’ m 30

entryNewWithMnemonic ’ m wc = do
e <− entryNew

85 entrySetWidthChars e wc
l <− labelNewWithMnemonic m
labelSetMnemonicWidget l e
sizeGroupAddWidget sg l
h <− hBoxNew False spac ing

90 boxPackStart h l PackNatural 0
boxPackStartDefaults h e
re turn ( e , h )

entryNewExponent = do
95 e <− entryNew

entrySetWidthChars e 4
l <− labelNew ( Just ”e ”)
h <− hBoxNew False spac ing
boxPackStart h l PackNatural 0

100 boxPackStart h e PackNatural 0
re turn ( e , h )

frameNewWithContents box t r ws = do
f <− frameNew

105 f rameSetLabel f t
f rameSetLabelAl ign f ( i f r then 1 e l s e 0) 0 .5
v <− box Fal se spac ing
forM ws $ boxPackStartDefaults v
s e t f [ conta ine rCh i ld := v ]

110 re turn f

b01@bHome ’ <− buttonNewWithLabel ”Home”
b02@bLoad ’ <− buttonNewWithLabel ”Load”
b03@bSave ’ <− buttonNewWithLabel ”Save”

115 b04@bStop ’ <− buttonNewWithLabel ”Stop”
b05@bClear ’ <− buttonNewWithLabel ”Clear ”

( eRealM ’ , fc1m ) <− entryNewWithMnemonic ” Real ”
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( eRealE ’ , f c 1 e ) <− entryNewExponent
120 (eImagM ’ , fc2m ) <− entryNewWithMnemonic ” Imag”

( eImagE ’ , f c 2 e ) <− entryNewExponent
( eSizeM ’ , fc3m ) <− entryNewWithMnemonic ” S i z e ”
( eSizeE ’ , f c 3 e ) <− entryNewExponent
( eRota ’ , fvR ) <− entryNewWithMnemonic ’ ”R otat ion ” 15

125 ( eWidth ’ , fvW) <− entryNewWithMnemonic ’ ” Width” 5
( eHeight ’ , fvH ) <− entryNewWithMnemonic ’ ” Height ” 5
( eSamples ’ , fvS ) <− entryNewWithMnemonic ’ ” Samples ” 3

c I n t e r i o r ’ <− colorButtonNewWithColor red
130 cBorder ’ <− colorButtonNewWithColor b lack

cExter io r ’ <− colorButtonNewWithColor white

labe lColourR <− newIORef ( fromColor blue )
cLabels ’ <− colorButtonNewWithColor blue

135 <− cLabels ’ ‘ onColorSet ‘ ( colorButtonGetColor cLabels ’ >>= writeIORef ⤦
Ç labe lColourR . fromColor )

fb <− frameNewWithContents vBoxNew ”Actions ” Fa l se [ b01 , b02 , b03 , b04 , b05 ]
fh <− frameNewWithContents hBoxNew ”Colours ” True [ c I n t e r i o r ’ , cBorder ’ , ⤦

Ç cExter io r ’ , cLabels ’ ]
fv <− frameNewWithContents hBoxNew ”Viewport” True [ fvR , fvW, fvH , fvS ]

140

l e t packMantissaExponent m e = do
h <− hBoxNew False spac ing
boxPackStartDefaults h m
boxPackStart h e PackNatural 0

145 re turn h
f c1 <− packMantissaExponent fc1m f c1 e
f c 2 <− packMantissaExponent fc2m f c2 e
f c 3 <− packMantissaExponent fc3m f c3 e
f c <− frameNewWithContents vBoxNew ”Coordinates ” True [ fc1 , fc2 , f c 3 ]

150 v <− vBoxNew False spac ing
mapM (\w −> boxPackStart v w PackNatural 0) [ fc , fv , {− fa , −} fh ]
h <− hBoxNew False spac ing
boxPackStart h fb PackNatural 0
boxPackStartDefaults h v

155

ww <− windowNew
se t ww [ windowIcon := Just icon , windowTitle := ” g r u f f c on t r o l ” ]

containerAdd ww h
160 mg <− aDoLoad s t a t e F i l e

gR <− newIORef $ case mg o f
Nothing −> i n i t i a l G r u f f
Just g −> g

165 l e t g0 = GruffGUI
{ bHome = bHome ’
, bLoad = bLoad ’
, bSave = bSave ’
, bStop = bStop ’

170 , bClear = bClear ’
, eRealM = eRealM ’
, eRealE = eRealE ’
, eImagM = eImagM ’
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, eImagE = eImagE ’
175 , eSizeM = eSizeM ’

, eSizeE = eSizeE ’
, eRota = eRota ’
, eWidth = eWidth ’
, eHeight = eHeight ’

180 , eSamples = eSamples ’
, c I n t e r i o r = c I n t e r i o r ’
, cBorder = cBorder ’
, cExte r i o r = cExter io r ’
, wMain = ww

185 , wImage = iw
}

but b a = do
<− b g0 ‘ onClicked ‘ wrapA g0 gR a

return ( )
190 butI b a = do

<− b g0 ‘ onClicked ‘ (wrapA g0 gR a >> upI )
re turn ( )

butO b a = do
195 <− b g0 ‘ onClicked ‘ a

re turn ( )

ent I e a = do
<− e g0 ‘ onEntryActivate ‘ ( entryGetText ( e g0 ) >>= wrapE g0 gR a >> ⤦
Ç upI )

200 re turn ( )

c o l I cb i cbb cbe a = forM [ cbi , cbb , cbe ] $ \c −> do
<− c g0 ‘ onColorSet ‘ ( do
c i <− colorButtonGetColor ( cb i g0 )

205 cb <− colorButtonGetColor ( cbb g0 )
ce <− colorButtonGetColor ( cbe g0 )

<− a c i cb ce gR
upI )

re turn ( )
210

entME m e a = do
l e t a ’ = do

ms <− entryGetText (m g0 )
es <− entryGetText ( e g0 )

215 l e t s = ms ++ i f nu l l e s then ”” e l s e ”e” ++ es
wrapE g0 gR a s
upI

<− m g0 ‘ onEntryActivate ‘ a ’
<− e g0 ‘ onEntryActivate ‘ a ’

220 re turn ( )

upI : : IO ( )
upI = do

g <− readIORef gR
225 browserRender browser g ( re turn ( ) ) ( re turn ( ) )

postRedi sp lay gl ’

aUpdate : : Maybe View . Image −> IO ( )
aUpdate Nothing = return ( )
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230 aUpdate ( Just i ) = do
writeIORef gR i
uReal g0 i
uImag g0 i
uS ize g0 i

235 uRota g0 i
upI

aReshape : : Int −> Int −> IO ( )
aReshape w’ h ’ = do

240 atomicModifyIORef gR $ \g −>
( g { imageWindow = ( imageWindow g ) { width = w’ , he ight = h ’ }

, imageViewport = ( imageViewport g ) { aspect = f romInteg ra l w’ / ⤦
Ç f r omInteg ra l h ’ }

}
, ( ) )

245 g <− readIORef gR
uEverything g0 g
upI

butI bHome aHome
250 butI bLoad aLoad

but bSave aSave
butO bStop ( browserAbort browser )
butI bClear aClear

255 entME eRealM eRealE aReal
entME eImagM eImagE aImag
entME eSizeM eSizeE aS i ze
ent I eRota aRota
ent I eWidth aWidth

260 ent I eHeight aHeight
ent I eSamples aSamples
c o l I c I n t e r i o r cBorder cExte r i o r aColours
l e t aExit ’ = ( e x i t (Log . l og l g ) s t a t eF i l e =<< readIORef gR)
browserSetExitCal lback browser aExit ’

265

prog r e s s <− progressNew icon
l e t mcbs = mouseCallbacks ( readIORef labelColourR ) p rog r e s s aUpdate
browserSetMouseCallback browser mcbs

270 browserSetReshapeCal lback browser aReshape
<− ww ‘ onDestroy ‘ aExit ’

g <− readIORef gR
uEverything g0 g
upI

275 widgetShowAll iw
widgetShowAll ww

<− forkIO $ s c r i p t browser
mainGUI

280 type Gruf f = View . Image

i n i t i a l G r u f f : : Gruf f
i n i t i a l G r u f f = defImage

285 −− button a c t i on s
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type A = GruffGUI −> Gruff −> IO Gruf f

wrapA : : GruffGUI −> IORef Gruf f −> A −> IO ( )
290 wrapA g0 gR a = do

g <− readIORef gR
g ’ <− a g0 g
writeIORef gR $ ! g ’

295 aHome : : A
aHome g0 g = do

l e t g ’ = g{ imageLocation = defLocat ion , imageViewport = ( imageViewport g ) { ⤦
Ç o r i e n t = 0 } }

uEverything g0 g ’
re turn g ’

300

aClear : : A
aClear g0 g = do

l e t g ’ = g{ imageLabels = [ ] , imageLines = [ ] }
uEverything g0 g ’

305 re turn g ’

aDoLoad : : Fi lePath −> IO (Maybe Gruff )
aDoLoad f f = (do

gr <− safeRead ‘ fmap ‘ r e adF i l e f f
310 case gr o f

g@( Just ) −> re turn g
−> putStrLn ” f i l e format not supported , so r ry ” >> re turn Nothing

) ‘ catchIO ‘ const ( re turn Nothing )

315 aLoad : : A
aLoad g0 g = do

f c <− f i l eChooserDia logNew ( Just ” g r u f f load ”) ( Just $ wMain g0 ) ⤦
Ç FileChooserActionOpen [ ( ” Load” , ResponseAccept ) , (” Cancel ” , ⤦
Ç ResponseCancel ) ]

widgetShow f c
r <− dialogRun f c

320 g ’ <− case r o f
ResponseAccept −> do

mf <− f i l eChooserGetFi l ename f c
case mf o f

Nothing −> re turn g
325 Just f −> do

mg <− aDoLoad f
case mg o f

Nothing −> re turn g
Just g ’ −> uEverything g0 g ’ >> re turn g ’

330 −> re turn g
widgetDestroy f c
re turn g ’

aDoSave : : Fi lePath −> Gruff −> IO ( )
335 aDoSave f g = wr i t eF i l e f ( show g ) ‘ catchIO ‘ const ( re turn ( ) )

aSave : : A
aSave g0 g = do

f c <− f i l eChooserDia logNew ( Just ” g r u f f save ”) ( Just $ wMain g0 ) ⤦
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Ç Fi leChooserAct ionSave [ ( ” Save ” , ResponseAccept ) , (” Cancel ” , ⤦
Ç ResponseCancel ) ]

340 widgetShow f c
r <− dialogRun f c
case r o f

ResponseAccept −> do
mf <− f i l eChooserGetFi l ename f c

345 case mf o f
Nothing −> re turn ( )
Just f −> aDoSave f g

−> re turn ( )
widgetDestroy f c

350 re turn g

−− entry update

type U = GruffGUI −> Gruff −> IO ( )
355

uEverything , uReal , uImag , uSize , uRota , uColours , uWidth , uHeight , uSamples : : ⤦
Ç U

uEverything g0 g = forM [ uReal , uImag , uSize , uRota , uColours , uWidth , uHeight ,⤦
Ç uSamples ] $ \u −> u g0 g

uReal g0 g = uMantissaExponent ( eRealM g0 ) ( eRealE g0 ) ( show . ( fromRational : : ⤦
Ç Rat iona l −> QuadDouble{− FIXME −}) . r e a lPa r t . c en t e r . imageLocation $ g⤦
Ç )

uImag g0 g = uMantissaExponent (eImagM g0 ) ( eImagE g0 ) ( show . ( fromRational : : ⤦
Ç Rat iona l −> QuadDouble{− FIXME −}) . imagPart . c en te r . imageLocation $ g⤦
Ç )

360 uSize g0 g = uMantissaExponent ( eSizeM g0 ) ( eSizeE g0 ) ( show . ( fromRational : : ⤦
Ç Rat iona l −> Double {− FIXME −}) . r ad iu s . imageLocation $ g )

uRota g0 g = entrySetText ( eRota g0 ) ( show . o r i e n t . imageViewport $ g )
uColours g0 g = do

co lorButtonSetColor ( c I n t e r i o r g0 ) ( fromColour . c o l o u r I n t e r i o r . imageColours⤦
Ç $ g )

co lorButtonSetColor ( cBorder g0 ) ( fromColour . colourBoundary . imageColours⤦
Ç $ g )

365 co lorButtonSetColor ( cExte r i o r g0 ) ( fromColour . c o l ou rEx t e r i o r . imageColours⤦
Ç $ g )

uWidth g0 g = entrySetText ( eWidth g0 ) ( show . width . imageWindow $ g )
uHeight g0 g = entrySetText ( eHeight g0 ) ( show . he ight . imageWindow $ g )
uSamples g0 g = entrySetText ( eSamples g0 ) ( show . supersamples . imageWindow $ ⤦

Ç g )

370 uMantissaExponent : : ( EntryClass a , EntryClass b) => a −> b −> St r ing −> IO ( )
uMantissaExponent m e s = do

l e t (ms , me) = break (== ’ e ’ ) s
entrySetText m ms
entrySetText e ( drop 1 me)

375

−− entry a c t i on s

type E = Gruff −> St r ing −> Gruff

380 wrapE : : GruffGUI −> IORef Gruf f −> E −> St r ing −> IO ( )
wrapE g0 gR e s = do

g <− readIORef gR
l e t g ’ = e g s
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writeIORef gR $ ! g ’
385

aReal , aImag , aSize , aRota , aWidth , aHeight , aSamples : : E
aReal g s = l e t :+ i = cente r ( imageLocation g ) in case safeRead s : : Maybe⤦

Ç QuadDouble o f
Nothing −> g
Just r −> g{ imageLocation = ( imageLocation g ) { cente r = toRat iona l r :+ i } }

390 aImag g s = l e t r :+ = cente r ( imageLocation g ) in case safeRead s : : Maybe⤦
Ç QuadDouble o f

Nothing −> g
Just i −> g{ imageLocation = ( imageLocation g ) { cente r = r :+ toRat iona l i } }

aS i z e g s = case safeRead s : : Maybe Double o f
Nothing −> g

395 Just r −> g{ imageLocation = ( imageLocation g ) { rad iu s = toRat iona l r } }
aRota g s = case safeRead s : : Maybe Double o f

Nothing −> g
Just a −> g{ imageViewport = ( imageViewport g ) { o r i e n t = a } }

aWidth g s = case safeRead s o f
400 Nothing −> g

Just r −> (\g ’ −> g ’{ imageViewport = ( imageViewport g ’ ) { aspect = (⤦
Ç f r omInteg ra l . width . imageWindow) g ’ / ( f r omInteg ra l . he ight . ⤦
Ç imageWindow) g ’ } }) ( g{ imageWindow = ( imageWindow g ) { width = r } })

aHeight g s = case safeRead s o f
Nothing −> g
Just r −> (\g ’ −> g ’{ imageViewport = ( imageViewport g ’ ) { aspect = (⤦

Ç f r omInteg ra l . width . imageWindow) g ’ / ( f r omInteg ra l . he ight . ⤦
Ç imageWindow) g ’ } }) ( g{ imageWindow = ( imageWindow g ) { he ight = r } })

405 aSamples g s = case safeRead s o f
Nothing −> g
Just r −> g{ imageWindow = ( imageWindow g ) { supersamples = r } }

aColours : : Color −> Color −> Color −> IORef Gruf f −> IO ( )
410 aColours i b e gR = atomicModifyIORef gR $ \g −> ( g{ imageColours = Colours { ⤦

Ç c o l o u r I n t e r i o r = fromColor i , colourBoundary = fromColor b , c o l ou rEx t e r i o r⤦
Ç = fromColor e} } , ( ) )

minSize : : S i z e
minSize = S i z e 160 100

415 red , black , white , b lue : : Color
red = Color 65535 0 0
black = Color 0 0 0
white = Color 65535 65535 65535
blue = Color 0 0 65535

420

fromColor : : Color −> Colour
fromColor ( Color r g b) = Colour ( f r omInteg ra l r / 65535) ( f r omInteg ra l g / ⤦

Ç 65535) ( f r omInteg ra l b / 65535)

fromColour : : Colour −> Color
425 fromColour ( Colour r g b) = Color ( round $ r ∗ 65535) ( round $ g ∗ 65535) ( round⤦

Ç $ b ∗ 65535)

s c r i p t : : Browser −> IO ( )
s c r i p t b = do

c <− getContents
430 case mapMaybe readMay ( l i n e s c ) o f
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[ ] −> re turn ( )
images@ ( : ) −> browserRenders b images

readMay : : Read a => St r ing −> Maybe a
435 readMay s = case reads s o f

[ ( a , ””) ] −> Just a
−> Nothing

35 src/Interact.hs

module I n t e r a c t
( mouseCallbacks
, MouseCallbacks
, MouseCallback

5 , C l i ck
, But ( . . )
, Mod ( . . )
) where

10 import Data .Map (Map, f romList )

import Frac ta l .GRUFF

import Progres s
15

type MouseCallbacks = Map Cl i ck MouseCallback

type Cl i ck = (But , Mod)

20 data But = L | M | R de r i v i ng (Eq , Ord , Show)
data Mod = U | S | C | SC de r i v i ng (Eq , Ord , Show)

type MouseCallback = Complex Rat iona l −> Image −> IO ( )

25 type MouseHandler = Progres s −> Complex Rat iona l −> Image −> Cont Image

mouseCallbacks : : IO Colour −> Progres s −> (Maybe Image −> IO ( ) ) −> ⤦

Ç MouseCallbacks
mouseCallbacks gc p next = fromList

[ ( (L , U) , w $ mouseZoom 0 .9 )
30 , ( (R, U) , w $ mouseZoom 1 .1 )

, ( (M, U) , w $ mouseCenter )
, ( (L , S) , w $ mouseZoom 0 .1 )
, ( (R, S) , w $ mouseZoom 10 )
, ( (M, S) , w $ mouseLocateGo )

35 , ( (L , C) , w $ mousePeriod gc )
, ( (R, C) , w $ mouseAddress gc )
]
where w cb c i = cb p c i next

40 mouseCenter : : MouseHandler
mouseCenter c i next = do

next . Just $ i { imageLocation = ( imageLocation i ) { cente r = c } }

mouseZoom : : Double −> MouseHandler
45 mouseZoom f c i next = do

l e t o = cente r ( imageLocation i )
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r = rad iu s ( imageLocation i )
f ’ = toRat iona l f :+ 0
r ’ = toRat iona l f ∗ r

50 o ’ = f ’ ∗ o + (1 − f ’ ) ∗ c
next . Just $ i { imageLocation = ( imageLocation i ) { cente r = o ’ , r ad iu s = r ’ }⤦

Ç }

mouseLocateGo : : MouseHandler
mouseLocateGo p c i next = next Nothing {− do

55 l e t r0 = fromRational ( rad iu s ( imageLocation i ) / 32)
progre s sLocate p c r0 $ \mmu −> case mmu of

Nothing −> next Nothing
Just mu −> do

l e t n = muNucleus mu
60 r = muSize mu ∗ 16

a = muOrient mu − ( toRat iona l ( p i /2 : : Double ) )
next . Just $ i { imageLocation = ( imageLocation i ) { cente r = n , rad iu s = r⤦

Ç } , imageViewport = ( imageViewport i ) { o r i e n t = fromRational a } }
−}

65 mousePeriod : : IO Colour −> MouseHandler
mousePeriod gv p c i next = next Nothing {− do

l e t r = fromRational ( rad iu s ( imageLocation i ) / 32)
progre s sLocate p c r $ \mmu −> case mmu of

Nothing −> next Nothing
70 Just mu −> do

l e t n = muNucleus mu
t = show (muPeriod mu)

v <− gv
next . Just $ labelAppend n v t i

75 −}

mouseAddress : : IO Colour −> MouseHandler
mouseAddress gv p c i next = next Nothing {− do

l e t r = fromRational ( rad iu s ( imageLocation i ) / 32)
80 progre s sLocate p c r $ \mmu −> case mmu of

Nothing −> next Nothing
Just mu −> do

progressAddress p mu $ \mad −> case mad o f
Nothing −> next Nothing

85 Just ad −> do
l e t n = muNucleus mu

t = pret tyAng ledInterna lAddres s ad
v <− gv
next . Just $ labelAppend n v t i

90 −}

36 src/Logger.hs

module Logger where

import Prelude h id ing ( l og )
import Control . Concurrent ( forkIO , newChan , readChan , writeChan )

5 import Control .Monad (when)
import Data . Time ( formatTime , getCurrentTime , UTCTime)
import System . Locale ( de fau l tTimeLoca le )
import System . Fi lePath ((</>) , (<.>) )
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import System . IO ( openFi le , IOMode(WriteMode ) , hPutStrLn , hClose , hFlush )
10

data LogLevel = Error | Warn | In f o | Debug
de r i v i ng (Read , Show , Eq , Ord , Enum, Bounded )

defLogLevel : : LogLevel
15 defLogLevel = Debug

data Logger = Logger
{ l og : : LogLevel −> St r ing −> IO ( )
, c l o s e : : IO ( )

20 }

l o gg e r : : Fi lePath −> IO Logger
l o gg e r logDi r = do

date <− getDate
25 l e t l o gF i l e = logDi r </> f i l t e r ( ’ : ’ /=) date <.> ” log ”

h <− openFi l e l o gF i l e WriteMode
c <− newChan
l e t log ’ l v l msg = when ( l v l <= defLogLevel ) $ do

d <− getDate
30 writeChan c ( Just $ d ++ ”\ t ” ++ show l v l ++ ”\ t ” ++ show msg)

c l o s e ’ = log ’ In f o ” c l o s i n g log ” >> writeChan c Nothing
wr i t e r = do
m <− readChan c
case m o f

35 Nothing −> hClose h >> re turn ( )
Just s −> hPutStrLn h s >> hFlush h >> wr i t e r

<− forkIO wr i t e r
log ’ In f o ” opening log ”
return Logger{ l og = log ’ , c l o s e = c lo s e ’ }

40 where
logFormat : : UTCTime −> St r ing
logFormat = formatTime defaultTimeLoca le ”%FT%T”
getDate : : IO St r ing
getDate = logFormat ‘ fmap ‘ getCurrentTime

37 src/Progress.hs

module Progres s ( Progres s ( . . ) , progressNew , Cont ) where

−− import Control .Monad ( forM , when)
import Graphics . UI . Gtk ( Pixbuf )

5 −− import Numeric .QD (QuadDouble )
import Frac ta l .GRUFF

−− import StatusDia log

10 −− | A cont inuat i on ge t s passed the r e s u l t .
type Cont a = (Maybe a −> IO ( ) ) −> IO ( )

−− | Cance l l ab l e a c t i on s with s t a tu s updates .
data Progres s = Progres s

15 { progre s sLocate : : Complex Rat iona l −> Double −> Cont (Atom N53)
, progressAtom : : AngledInterna lAddress −> Cont (Atom N53)
, progressAddress : : Atom N53 −> Cont AngledInterna lAddress
}
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20 −− | Create a new Progres s with a s t a tu s d i a l o g .
progressNew : : Pixbuf −> IO Progres s
progressNew i c on = do
−− FIXME th i s i s a h o r r i b l e hack to avoid race cond i t i on s when re −us ing the ⤦

Ç same s ta tu s d i a l o g
−− sd1 <− statusDialogNew icon

25 −− sd2 <− statusDialogNew icon
−− sd3 <− statusDialogNew icon

return Progres s
{ progre s sLocate = undef ined −− progressLocate ’ sd1
, progressAtom = undef ined −− progressAtom ’ sd2

30 , p rogressAddress = undef ined −− progressAddress ’ sd3
}

{−
−− | Much l i k e Frac ta l .RUFF. Mandelbrot .Atom . l o c a t e

35 progressLocate ’ : : S tatusDia log −> Complex Rat iona l −> Double −> Cont (MuAtom ⤦

Ç Rat iona l )
progressLocate ’ sd ( re :+ im) r next = do

s ta tu sD ia l og sd ” g r u f f s t a tu s ” $ \ progres s ’ −> do
l e t c = fromRational re :+ fromRational im : : Complex QuadDouble
forM ( l o c a t e eps2qd c ( realToFrac r ) ) $ \mp −> case mp o f

40 LocateScanTodo −> progres s ’ ”Scanning f o r per iod . . . ”
LocateScan −> progres s ’ ”Scanning f o r per iod . . . ”
LocateScanDone p −> progres s ’ $”Scanning f o r per iod . . . ” ++ show p
LocateNucleusTodo −> progres s ’ ”Computing nuc leus . . . ”
LocateNucleus i −> when ( i ‘mod ‘ 20 == 0) . progres s ’ $”Computing ⤦

Ç nuc leus . . . ” ++ show i
45 LocateNucleusDone −> progres s ’ ”Computing nuc leus . . . done”

LocateBondTodo −> progres s ’ ”Computing bond . . . ”
LocateBond i −> when ( i ‘mod ‘ 20 == 0) . progres s ’ $”Computing bond⤦

Ç . . . ” ++ show i
LocateBondDone −> progres s ’ ”Computing bond . . . done”
LocateSuccess mu −> do

50 progres s ’ ” Success ! ”
l e t ( re ’ :+ im ’ ) = muNucleus mu
next $ Just mu{ muNucleus = toRat iona l re ’ :+ toRat iona l im ’ , muSize = ⤦

Ç toRat iona l (muSize mu) , muOrient = toRat iona l (muOrient mu) }
LocateFa i l ed −> do

progres s ’ ” Fa i l ed ! ”
55 next $ Nothing

−− | Much l i k e Frac ta l .RUFF. Mandelbrot .Atom . f indAddres s
progressAddress ’ : : S tatusDia log −> MuAtom Rat iona l −> Cont ⤦

Ç AngledInterna lAddress
progressAddress ’ sd mu next = do

60 s t a tu sD ia l og sd ” g r u f f s t a tu s ” $ \ progres s ’ −> do
l e t re :+ im = muNucleus mu

c = fromRational re :+ fromRational im : : Complex QuadDouble
forM ( f indAddress mu{ muNucleus = c , muSize = fromRational (muSize mu) , ⤦

Ç muOrient = fromRational (muOrient mu) }) $ \mp’ −> case mp’ o f
AddressCuspTodo −> progres s ’ ”Computing cusp . . . ”

65 AddressCuspDone −> progres s ’ ”Computing cusp . . . done”
AddressDwellTodo −> progres s ’ ”Computing dwel l . . . ”
AddressDwell i −> when ( i ‘mod ‘ 100 == 0) . progres s ’ $”Computing ⤦

Ç dwel l . . . ” ++ show i
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AddressDwellDone −> progres s ’ ”Computing dwel l . . . done”
AddressRayOutTodo −> progres s ’ ”Tracing rays . . . ”

70 AddressRayOut i −> progres s ’ $”Tracing rays . . . ” ++ show ( round $ i ∗⤦
Ç 100 : : Int ) ++ ”%”

AddressRayOutDone −> progres s ’ ”Tracing rays . . . done”
AddressExternalTodo −> progres s ’ ”Computing ang le . . . ”
AddressExternalDone −> progres s ’ ”Computing ang le . . . done”
AddressAddressTodo −> progres s ’ ”Finding address . . . ”

75 AddressSuccess a −> do
progres s ’ ” Success ! ”
next $ Just a

AddressFai led −> do
progres s ’ ” Fa i l ed ! ”

80 next $ Nothing

−− | Much l i k e Frac ta l .RUFF. Mandelbrot .Atom . findAtom
progressAtom ’ : : StatusDia log −> AngledInterna lAddress −> Cont (MuAtom Rat iona l )
progressAtom ’ sd addr next = do

85 s t a tu sD ia l og sd ” g r u f f s t a tu s ” $ \ progres s ’ −> do
forM ( findAtom eps2qd addr ) $ \mp −> case mp o f

AtomSplitTodo −> progres s ’ ” S p l i t t i n g address . . . ”
AtomSplitDone −> progres s ’ ” S p l i t t i n g address . . . done”
AtomAnglesTodo −> progres s ’ ”Computing ang l e s . . . ”

90 AtomAnglesDone −> progres s ’ ”Computing ang l e s . . . done”
AtomRayTodo −> progres s ’ ”Tracing rays . . . ”
AtomRay n −> when (n ‘mod ‘ 20 == 0) . progres s ’ $”Tracing rays . . . ⤦

Ç ” ++ show n
AtomRayDone −> progres s ’ ”Tracing rays . . . done”
AtomNucleusTodo −> progres s ’ ”Computing nuc leus . . . ”

95 AtomNucleus n −> when (n ‘mod ‘ 20 == 0) . progres s ’ $”Computing ⤦
Ç nuc leus . . . ” ++ show n

AtomNucleusDone −> progres s ’ ”Computing nuc leus . . . done”
AtomBondTodo −> progres s ’ ”Computing bond . . . ”
AtomBond n −> when (n ‘mod ‘ 20 == 0) . progres s ’ $”Computing bond⤦

Ç . . . ” ++ show n
AtomBondDone −> progres s ’ ”Computing bond . . . done”

100 AtomSuccess mu −> do
progres s ’ ” Success ! ”
l e t ( re ’ :+ im ’ ) = muNucleus mu : : Complex QuadDouble
next $ Just mu{ muNucleus = toRat iona l re ’ :+ toRat iona l im ’ , muSize = ⤦

Ç toRat iona l (muSize mu) , muOrient = toRat iona l (muOrient mu) }
AtomFailed −> do

105 progres s ’ ” Fa i l ed ! ”
next $ Nothing

eps2qd : : QuadDouble
eps2qd = 1e−120

110 −}

38 src/QuadTree.hs

module QuadTree
( Child ( . . ) , north , south , west , ea s t
, Quad ( . . ) , root , ch i ld , ch i ld r en , parent , parents
, f i l ename , unsafeName , fromFilename

5 , Square ( . . ) , square , Point ( . . ) , conta ins , Region ( . . ) , expand , ou t s id e
, quads
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) where

import Control .Monad ( rep l i cateM )
10 import Data . B i t s ( b i t , sh i f tL , sh i f tR , t e s tB i t , ( . | . ) )

import Data . L i s t ( unfo ldr , s o r t )
import Data . Ratio ((%) )
import System . Fi lePath ( s p l i t D i r e c t o r i e s )
import q u a l i f i e d Data .Map as M

15

data Child = NorthWest | NorthEast | SouthWest | SouthEast
d e r i v i ng (Read , Show , Eq , Ord , Enum, Bounded )

north , south , west , ea s t : : Child −> Bool
20 ea s t c = fromEnum c ‘ t e s tB i t ‘ 0

south c = fromEnum c ‘ t e s tB i t ‘ 1
north = not . south
west = not . ea s t

25 data Quad = Quad{ quadLevel : : ! Int , quadWest , quadNorth : : ! I n t eg e r }
de r i v i ng (Read , Show , Eq , Ord)

root : : Quad
root = Quad{ quadLevel = 0 , quadWest = 0 , quadNorth = 0 }

30

ch i l d : : Child −> Quad −> Quad
ch i l d c Quad{ quadLevel = l , quadWest = x , quadNorth = y } = Quad

{ quadLevel = l + 1
, quadWest = x ‘ sh i f tL ‘ 1 . | . ( f r omInteg ra l . fromEnum . ea s t ) c

35 , quadNorth = y ‘ sh i f tL ‘ 1 . | . ( f r omInteg ra l . fromEnum . south ) c
}

ch i l d r en : : [ Child ] −> Quad
ch i l d r en = f o l d r ch i l d root

40

parent : : Quad −> Maybe ( Child , Quad)
parent Quad{ quadLevel = l , quadWest = x , quadNorth = y }

| l > 0 = Just
( toEnum (fromEnum (y ‘ t e s tB i t ‘ 0) ‘ sh i f tL ‘ 1 . | . fromEnum (x ‘ t e s tB i t ‘ 0)⤦

Ç )
45 , Quad{ quadLevel = l − 1 , quadWest = x ‘ sh i f tR ‘ 1 , quadNorth = y ‘ sh i f tR ‘⤦

Ç 1 }
)

| otherwi s e = Nothing

parents : : Quad −> [ Child ]
50 parents = un fo ld r parent

f i l ename : : Quad −> Maybe ( [ Fi lePath ] , Fi lePath )
f i l ename q

| not (0 <= quadNorth q && quadNorth q < b i t ( quadLevel q ) && 0 <= quadWest q ⤦
Ç && quadWest q < b i t ( quadLevel q ) ) = Nothing

55 | nu l l c s = Just ( [ ] , ” ”)
| otherwi s e = Just ( i n i t cs , l a s t cs )
where

cs = chunk 2 . map unsafeName . chunk 2 . r e v e r s e . parents $ q

60 unsafeName : : [ Child ] −> Char
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unsafeName [ c ] = [ ’ a ’ . . ’ d ’ ] ! ! ( fromEnum c )
unsafeName [ c , d ] = [ ’ e ’ . . ’ t ’ ] ! ! ( fromEnum c ‘ sh i f tL ‘ 2 . | . fromEnum d)
unsafeName = e r r o r ”QuadTree . unsafeName”

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

fromFilename : : Fi lePath −> Maybe Quad
70 fromFilename ” ” = Just root

fromFilename p = fmap ( ch i l d r en . r e v e r s e . concat ) . mapM f . concat . ⤦
Ç s p l i t D i r e c t o r i e s $ p

where
f c = c ‘M. lookup ‘ chars
chars = M. f romList [ ( unsafeName l , l ) | n <− [ 1 , 2 ] , l <− rep l i cateM n [⤦

Ç minBound . . maxBound ] ]
75

data Square = Square{ squareS ize , squareWest , squareNorth : : ! Rat iona l }
de r i v i ng (Read , Show , Eq , Ord)

square : : Square −> Quad −> Square
80 square Square{ squareS i z e = s0 , squareWest = x0 , squareNorth = y0 } Quad{ ⤦

Ç quadLevel = l , quadWest = x , quadNorth = y } =
Square{ squareS i z e = s0 / f romInteger r , squareWest = x0 + s0 ∗ ( x % r ) , ⤦

Ç squareNorth = y0 + s0 ∗ ( y % r ) } where r = b i t l

data Region = Region{ regionNorth , regionSouth , regionWest , r eg ionEast : : !⤦
Ç Rat iona l }

de r i v i ng (Read , Show , Eq , Ord)
85

expand : : Rat iona l −> Region −> Region
expand f r =

l e t (x , y ) = ( ( reg ionEast r + regionWest r ) / 2 , ( reg ionNorth r + ⤦
Ç reg ionSouth r ) / 2)
( rx , ry ) = ( ( reg ionEast r − regionWest r ) / 2 , ( reg ionNorth r − ⤦

Ç reg ionSouth r ) / 2)
90 in Region{ reg ionNorth = y + f ∗ ry , reg ionSouth = y − f ∗ ry , r eg ionEast = x⤦

Ç + f ∗ rx , regionWest = x − f ∗ rx }

out s i d e : : Region −> Square −> Bool
ou t s i d e r s

= reg ionSouth r < squareNorth s
95 | | reg ionEast r < squareWest s

| | reg ionNorth r > squareNorth s + squareS i z e s
| | regionWest r > squareWest s + squareS i z e s

data Point = Point{ pointWest , pointNorth : : ! Rat iona l }
100 de r i v i ng (Read , Show , Eq , Ord)

conta in s : : Point −> Square −> Bool
conta in s p s

= squareNorth s <= pointNorth p && pointNorth p <= squareNorth s + squareS i z e⤦
Ç s

105 && squareWest s <= pointWest p && pointWest p <= squareWest s + squareS i z e⤦
Ç s

quads : : Square −> Region −> Int −> [ Quad ]
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quads rootSquare r eg i on l e v e l =
[ Quad{ quadLevel = l e v e l , quadWest = w, quadNorth = n }

110 | n <− [ f l o o r nlo ’ . . c e i l i n g nhi ’ − 1 ]
, w <− [ f l o o r wlo ’ . . c e i l i n g whi ’ − 1 ]
]
where

[ nlo ’ , nhi ’ ] = so r t [ nlo , nhi ]
115 [ wlo ’ , whi ’ ] = so r t [ wlo , whi ]

n lo = ( reg ionSouth reg i on − squareNorth rootSquare ) / squareS i z e rootSquare ⤦
Ç ∗ l

nhi = ( regionNorth r eg i on − squareNorth rootSquare ) / squareS i z e rootSquare ⤦
Ç ∗ l

wlo = ( regionWest r eg i on − squareWest rootSquare ) / squareS i z e rootSquare ⤦
Ç ∗ l

whi = ( reg ionEast r eg i on − squareWest rootSquare ) / squareS i z e rootSquare ⤦
Ç ∗ l

120 l = b i t l e v e l % 1

39 src/Shader.hs

module Shader ( shader ) where

import Graphics . Rendering .OpenGL

5 shader : : Maybe Fi lePath −> Maybe Fi lePath −> IO Program
shader mV mF = do

[ p ] <− genObjectNames 1
vs <− case mV of

Nothing −> re turn [ ]
10 Just v −> do

[ ve r t ] <− genObjectNames 1
source <− r e adF i l e v
shaderSource ve r t $= [ source ]
compileShader ve r t

15 −− pr in t =<< get ( shaderInfoLog ver t )
re turn [ ve r t ]

f s <− case mF of
Nothing −> re turn [ ]
Just f −> do

20 [ f r a g ] <− genObjectNames 1
source <− r e adF i l e f
shaderSource f r ag $= [ source ]
compileShader f r ag

−− pr in t =<< get ( shaderInfoLog f r ag )
25 re turn [ f r ag ]

attachedShaders p $= ( vs , f s )
l inkProgram p

−− pr in t =<< get ( programInfoLog p)
re turn p

40 src/Snapshot.hs

module Snapshot ( hSnapshot , writeSnapshot , snapshotWith ) where

import Control .Monad( forM )
import System . IO(Handle ( ) )
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5 import Graphics . Rendering .OpenGL(
readPixe l s ,
Pos i t ion ,
S i z e ( S i z e ) ,
PixelData ( PixelData ) ,

10 PixelFormat (RGB) ,
DataType ( UnsignedByte ) )

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

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

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

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

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

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

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

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

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

41 src/StatusDialog.hs

module StatusDia log where

import Control . Concurrent ( forkIO , k i l lThread )
import Graphics . UI . Gtk

5

type Status = ( St r ing −> IO ( ) ) −> IO ( )
data StatusDia log = StatusDia log { s t a tu sD ia l og : : S t r ing −> Status −> IO ( ) }

statusDialogNew : : Pixbuf −> IO StatusDia log
10 statusDialogNew icon = do

window <− windowNew
se t window [ windowIcon := Just i con ]
windowSetModal window True
windowSetDefaultSize window 320 200

15 b <− vBoxNew False 2
l a b e l <− labelNew ( Just ””)
cance l <− buttonNewWithLabel ”Cancel ”
boxPackStartDefaults b l a b e l
boxPackStartDefaults b cance l

20 s e t window [ conta ine rCh i ld := b ]
re turn StatusDia log { s t a tu sD ia l og = \ t i t l e task −> postGUIAsync $ do

windowSetTit le window t i t l e
l abe lSe tText l a b e l ””
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widg e tS e t S en s i t i v i t y cance l True
25 ch i l d <− forkIO $ do

task $ postGUIAsync . l abe lSe tText l a b e l
postGUISync $ widgetHide window
<− cance l ‘ onClicked ‘ do
k i l lThread ch i l d

30 widgetHide window
widgetShowAll window

}

42 src/Tile.hs

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

import Prelude h id ing ( l og )
5

import Control . Exception ( bracketOnError )
import Control .Monad ( forM , when)
import Data . B i t s ( sh i f tL , sh i f tR , ( .& . ) )
import Fore ign ( Ptr , castPtr , mallocArray , f r e e , Word8 , a l l ocaBytes , withArray , ⤦

Ç peekArray , peekElemOff , pokeElemOff )
10 import Fore ign .C ( CInt ( . . ) , CUChar ( . . ) , CSize ( . . ) , withCStringLen )

import System . Di rec to ry ( c r e a t eD i r e c t o r y I fM i s s i n g )
import System . Fi lePath ((</>) , (<.>) )
import System . IO ( withBinaryFi le , IOMode(ReadMode ,WriteMode ) , hPutBuf , hGetBuf )
−− import Data . BEncode

15

import Frac ta l .GRUFF hid ing ( width , height , (</>) )

import Compute ( compute )
import QuadTree

20 import U t i l s ( catchIO )

width , height , count , bytes : : Int
width = 256
he ight = 256

25 count = width ∗ he ight
bytes = count

rootSquare : : Square
rootSquare = Square{ squareS i z e = 8 , squareWest = −4 , squareNorth = −4 }

30

data T i l e = Ti l e
{ t i l eQuad : : Quad
, t i l eDa ta : : Ptr CUChar
}

35

mal l ocT i l e : : Quad −> IO Ti l e
ma l l o cT i l e cs = do

ds <− mallocArray count
re turn $ Ti l e cs ds

40

f r e eT i l e : : T i l e −> IO ( )
f r e eT i l e ( T i l e ds ) = do

f r e e ds
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45 header : : S t r ing
header = ”RuFfTtLe001\n”

wr i t eT i l e : : F i lePath −> Ti l e −> IO ( )
wr i t eT i l e cacheDir ( T i l e q ds ) = do

50 case f i l ename q o f
Nothing −> re turn ( )
Just ( d i r s , f i l e ) −> do

l e t d i r = f o l d r 1 (</>) ( cacheDir : d i r s )
c r e a t eD i r e c t o r y I fM i s s i n g True d i r

55 withBinaryFi l e ( d i r </> f i l e <.> ” t ”) WriteMode $ \h −> do
withCStringLen header $ \(p , l ) −> hPutBuf h p l
withArray (wordBE bytes ) $ \p −> hPutBuf h p 4
hPutBuf h ds bytes

−− hPut h . bPack . metaData $ q
60 where

wordBE : : Int −> [Word8 ]
wordBE n = map (\b −> f r omInteg ra l $ (n ‘ sh i f tR ‘ (8 ∗ b) ) .&. 0xFF) [ 3 , 2 , ⤦

Ç 1 , 0 ]

{−
65 metaData : : Quad −> BEncode

metaData q@Quad{ quadLevel = l , quadWest = w, quadNorth = n } =
BDict $ f romList [ (” t i l e ” , BDict $ f romList

[ (” about ” , BDict $ f romList
[ (” v e r s i on ” , BInt 1)

70 , (” genera to r ” , BString $ pack ” g ru f f −0 .1”) ]
, (” images ” , BDict . f romList . map image . z ip [ 0 . . ] $

[ ” cont inuous dwel l ” , ” normal ized d i s t anc e ” , ” f i n a l ang le ” ] ) ]
]

where
75 image plane a lg = ( alg , BDict $ f romList

[ (” width ” , BInt ( f r omInteg ra l width ) )
, (” he ight ” , BInt ( f r omInteg ra l he ight ) )
, (” r e a l ” , BInt w)
, (” imag ” , BInt ( negate n) )

80 , (” s c a l e ” , BInt ( f r omInteg ra l l + 2) )
, (” format ” , BString $ pack ” f l o a t 3 2 l e ”)
, (” order ” , BString $ pack ” l r , tb ”)
, (” data o f f s e t ” , BInt ( f r omInteg ra l $ plane ∗ count ∗ s i z eO f (0 : : CFloat⤦

Ç ) ) )
] )

85 −}

r eadTi l e : : Fi lePath −> Quad −> IO (Maybe T i l e )
r eadTi l e cacheDir q = f l i p catchIO (\ −> re turn Nothing ) $ do

case f i l ename q o f
90 Nothing −> re turn Nothing

Just ( d i r s , f i l e ) −> do
l e t d i r = f o l d r 1 (</>) ( cacheDir : d i r s )
bracketOnError ( ma l l o cT i l e q ) f r e eT i l e $ \t@( T i l e ds ) −> do

withBinaryFi l e ( d i r </> f i l e <.> ” t ”) ReadMode $ \h −> do
95 l e t headerBytes = 12

a l l o caByte s headerBytes $ \p −> do
headerBytes ’ <− hGetBuf h p headerBytes
when ( headerBytes /= headerBytes ’ ) $ f a i l ” r eadTi l e header f a i l ”
header ’ <− peekArray headerBytes p

93



gruff src/Tile.hs

100 when ( header ’ /= (map ( f r omInteg ra l . fromEnum) header : : [Word8 ] ) ) ⤦
Ç $ f a i l ” r eadTi l e header mismatch”

dataBytes <− a l l o caByte s 4 $ \p −> do
lenBytes ’ <− hGetBuf h p 4
when ( lenBytes ’ /= 4) $ f a i l ” r eadTi l e header l ength f a i l ”
unwordBE ‘ fmap ‘ peekArray 4 p

105 when ( dataBytes /= bytes ) $ f a i l ” r eadTi l e header l ength mismatch”
bytes ’ <− hGetBuf h ds bytes
when ( bytes /= bytes ’ ) $ f a i l (” r eadTi l e ” ++ show bytes ++ ” /= ” ++ ⤦

Ç show bytes ’ )
r e turn $ Just t

where
110 unwordBE : : [Word8 ] −> Int

unwordBE = sum . zipWith (\b n −> f r omInteg ra l n ‘ sh i f tL ‘ (8 ∗ b) ) [ 3 , 2 , 1 ,⤦
Ç 0 ]

c l e a rT i l e : : T i l e −> IO ( )
c l e a rT i l e ( T i l e ds ) = c l e a r ds >> re turn ( )

115 where
c l e a r p = c memset ( cas tPtr p) 0 ( f r omInteg ra l bytes )

computeTile : : ( S t r ing −> IO ( ) ) −> Ti l e −> IO Bool
computeTile l og ( T i l e q@Quad{ quadLevel = l } ds ) = do

120 i t s <− compute ’
l og $ show (” g e tT i l e ” , q , ”computed ” , i t s )
re turn $ i t s /= 0

where
compute ’ = r e i f yP r e c i s i o n ( f r omInteg ra l l + 8) $ \prec −>

125 l e t = fmap pr e c i s i onOf c ‘ asTypeOf ‘ ( prec :+ prec )
c = cx :+ cy
cx = fromRational ( squareWest s )
cy = fromRational ( squareNorth s )

in compute ds c l m’
130 m’ = 1000000

s = square rootSquare q

data T i l eResu l t = Inte r rupted | Completed ! T i l e | BlockedOn !Quad

135 g e tT i l e : : ( S t r ing −> IO ( ) ) −> Fi lePath −> Quad −> IO Ti l eResu l t
g e tT i l e l og cacheDir q = do

mTile <− r eadTi l e cacheDir q
case mTile o f

Just t −> do
140 l og $ show (” g e tT i l e ” , q , ” read ”)

re turn (Completed t )
Nothing −> case parent q o f

Just ( ch , q ’ ) −> do
mpt i le <− r eadTi l e cacheDir q ’

145 case mpt i l e o f
Nothing −> do

log $ show (” g e tT i l e ” , q , ” blocked ”)
re turn (BlockedOn q ’ )

Just t ’ −> do
150 l og $ show (” g e tT i l e ” , q , ”compute ”)

t <− mal l ocT i l e q
i n h e r i t T i l e ch t ’ t
f r e eT i l e t ’
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touchTi leBorder t
155 ok <− computeTile l og t

i f ok
then wr i t eT i l e cacheDir t >> re turn (Completed t )
e l s e f r e eT i l e t >> re turn Inte r rupted

Nothing −> do
160 l og $ show (” g e tT i l e ” , q , ”compute ”)

t <− mal l ocT i l e q
c l e a rT i l e t
touchTi leBorder t
ok <− computeTile l og t

165 i f ok
then wr i t eT i l e cacheDir t >> re turn (Completed t )
e l s e f r e eT i l e t >> re turn Inte r rupted

i n h e r i t T i l e : : Child −> Ti l e −> Ti l e −> IO ( )
170 i n h e r i t T i l e c ( T i l e from ) ( T i l e to ) = do

l e t c o f f = case c o f
NorthWest −> 0
NorthEast −> 128
SouthWest −> 256 ∗ 128

175 SouthEast −> 256 ∗ 128 + 128
forM [ 0 . . 2 5 5 ] $ \ j −> do

forM [ 0 . . 2 5 5 ] $ \ i −> do
l e t t o f f = 256 ∗ j + i

f o f f = 256 ∗ ( j ‘ div ‘ 2) + ( i ‘ div ‘ 2) + c o f f
180 pokeElemOff to t o f f =<< peekElemOff from f o f f

touchTi leBorder : : T i l e −> IO ( )
touchTi leBorder ( T i l e t ) = do

l e t o i j = 256 ∗ j + i
185 forM [ 0 . . 2 5 5 ] $ \e −> do

pokeElemOff t ( o 0 e ) 254
pokeElemOff t ( o e 0) 254
pokeElemOff t ( o 255 e ) 254
pokeElemOff t ( o e 255) 254

190

f o r e i g n import c c a l l unsa fe ” s t r i n g . h memset”
c memset : : Ptr Word8 −> CInt −> CSize −> IO ( Ptr Word8)

43 src/TileShake.hs

module Ti leShake ( computeTiles ) where

import Development . Shake
import Development . Shake . Fi lePath

5

import GHC. Conc ( numCapabi l i t i e s )
import Control . Concurrent ( forkIO , k i l lThread , newEmptyMVar , putMVar , takeMVar )
import Control . Exception ( f i n a l l y )
import Control .Monad ( forM )

10 import Data . L i s t ( i sP r e f i xO f )
import Data . Set ( Set )
import q u a l i f i e d Data . Set as S
import System . Di rec to ry ( c r e a t eD i r e c t o r y I fM i s s i n g )

15 import T i l e
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import QuadTree

toFilename : : Fi lePath −> Quad −> Fi lePath
toFilename cacheDir q = case f i l ename q o f

20 Just ( d i r s , f i l e ) −> f o l d r 1 (</>) ( cacheDir : d i r s ) </> f i l e <.> ” t ”
Nothing −> e r r o r $ ” g r u f f . Ti leShake . toFilename : ” ++ show ( cacheDir , q )

toQuad : : Fi lePath −> Fi lePath −> Maybe Quad
toQuad cacheDir f

25 | takeExtens ion f == ” . t ” && cacheDir ’ ‘ i sPr e f i xOf ‘ f = fromFilename f ’
| otherwi s e = Nothing
where

cacheDir ’ = addTra i l ingPathSeparator cacheDir
f ’ = drop ( l ength cacheDir ’ ) . dropExtension $ f

30

computeTiles : : ( S t r ing −> IO ( ) ) −> ( T i l e −> IO ( ) ) −> Fi lePath −> Set Quad −> ⤦

Ç IO ( IO ( ) )
computeTiles output done cacheDir qs = do

l e t shakeDir = cacheDir </> ” shake ”
c r e a t eD i r e c t o r y I fM i s s i n g True shakeDir

35 m <− newEmptyMVar
t <− forkIO . f l i p f i n a l l y (putMVar m ( ) ) $ do

shake shakeOptions
{ shakeF i l e s = shakeDir
, shakeThreads = numCapabi l i t i e s

40 , shakeReport = Nothing −− Just ( cacheDir </> ” shake − r epor t . html ”)
, shakeVerbos i ty = Quiet
} $ do

want (map ( toFilename cacheDir ) (S . t oL i s t qs ) )
”//∗ . t ” ∗> \out −> do

45 l e t Just q = toQuad cacheDir out
mme <− l i f t I O $ r eadTi l e cacheDir q
case mme o f

Just t −> l i f t I O $ i f q ‘S .member ‘ qs then done t e l s e f r e eT i l e t
Nothing −> case parent q o f

50 Nothing −> t raced (” compute ” ++ show q) $ do
t <− mal l ocT i l e q
c l e a rT i l e t
touchTi leBorder t
ok <− computeTile output t

55 i f ok
then wr i t eT i l e cacheDir t >> i f q ‘S .member ‘ qs then done t e l s e⤦

Ç f r e eT i l e t
e l s e f r e eT i l e t >> f a i l ” i n t r ”

Just ( ch , q ’ ) −> ( need [ toFilename cacheDir q ’ ] >>) . t raced (”⤦
Ç compute ” ++ show q) $ do

mpt i le <− r eadTi l e cacheDir q ’
60 case mpt i l e o f

Nothing −> f a i l ” eeps ”
Just t ’ −> do

t <− mal l ocT i l e q
i n h e r i t T i l e ch t ’ t

65 f r e eT i l e t ’
touchTi leBorder t
ok <− computeTile output t
i f ok

then wr i t eT i l e cacheDir t >> i f q ‘S .member ‘ qs then done t ⤦
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Ç e l s e f r e eT i l e t
70 e l s e f r e eT i l e t >> f a i l ” i n t r ”

forM (S . t oL i s t qs ) $ \q −> do
mt <− r eadTi l e cacheDir q
case mt o f

Nothing −> re turn ( )
75 Just t −> done t

re turn ( k i l lThread t >> takeMVar m)

44 src/Utils.hs

module U t i l s where

import Prelude h id ing ( catch )
import Control . Exception ( catch , IOException )

5 import Control .Monad ( forM )
import System . Di rec to ry ( getDirectoryContents , doe sF i l eEx i s t , doe sD i r e c to ryEx i s t⤦

Ç )
import System . Fi lePath ((</>) )

safeRead : : Read a => St r ing −> Maybe a
10 safeRead s = case f i l t e r ( nu l l . snd ) ( reads s ) o f

[ ( a , ””) ] −> Just a
−> Nothing

catchIO : : IO a −> ( IOException −> IO a ) −> IO a
15 catchIO = catch

g e tF i l e sRe cu r s i v e : : Fi lePath −> IO [ ( [ Fi lePath ] , Fi lePath ) ]
g e tF i l e sRe cu r s i v e d = (do

f s 0 <− getDirectoryContents d
20 l e t f s = f i l t e r ( ‘ notElem ‘ [ ” . ” , ” . . ” ] ) f s 0

f f s <− forM f s $ \ f −> do
l e t df = d </> f
f e <− doe sF i l eEx i s t df
fd <− doe sD i r e c to ryEx i s t df

25 case ( fe , fd ) o f
(True , Fa l se ) −> re turn [ ( [ ] , f ) ]
( False , True ) −> map (\ ( ds , f ’ ) −> ( f : ds , f ’ ) ) ‘ fmap ‘ g e tF i l e sRe cu r s i v e df
−> re turn [ ]

r e turn ( concat f f s ) ) ‘ catchIO ‘ (\ −> re turn [ ] )
30

s a f eLa s t : : [ a ] −> Maybe a
sa f eLa s t [ ] = Nothing
sa f eLa s t [ x ] = Just x
sa f eLa s t ( : xs ) = sa f eLa s t xs

45 src/View.hs

module View
( Locat ion ( . . ) , zoom , t r an s l a t e , de fLocat ion
, Viewport ( . . ) , ro tate , defViewport
, Window ( . . ) , windowSize ’ , defWindow

5 , Colours ( . . ) , de fColours , Colour ( . . )
, Label ( . . ) , Line ( . . )
, Image ( . . ) , defImage
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, Bu f f e r S i z e ( . . )
, p ixe lLocat ion , de l ta , t i l e S i z e , l o c a t i o nP i x e l

10 , v i s ib leQuads , originQuad
) where

import Control .Monad ( guard )
import Data . B i t s ( b i t )

15 import Data . Ratio ((%) )

import Frac ta l .GRUFF

import QuadTree (Quad ( . . ) , Child ( . . ) , ch i ld , Square ( . . ) , square )
20 import T i l e ( rootSquare )

p i x e lLoca t i on : : Window −> Viewport −> Locat ion −> Double −> Double −> Complex ⤦
Ç Rat iona l

p i x e lLoca t i on w v l = l e t f = fromScreenCoords w v l in \x y −> f ( x :+ y )

25 l o c a t i o nP i x e l : : Window −> Viewport −> Locat ion −> Complex Rat iona l −> (Double , ⤦
Ç Double )

l o c a t i o nP i x e l w v l = l e t f = toScreenCoords w v l in \c −> l e t ( x :+ y ) = f c ⤦
Ç in (x , y )

zoom : : Double −> Locat ion −> Locat ion
zoom f l = l { rad iu s = rad iu s l ∗ toRat iona l f }

30

t r a n s l a t e : : Complex Rat iona l −> Locat ion −> Locat ion
t r a n s l a t e u l = l { cente r = cente r l + u }

r o t a t e : : Double −> Viewport −> Viewport
35 r o t a t e a v = v{ o r i e n t = o r i e n t v + a }

windowSize ’ : : Window −> Double
windowSize ’ w = ( sq r t . f r omInteg ra l . d iagona l2 ) w

40 diagona l2 : : Window −> Int
d iagona l2 w = width w ∗ width w + he ight w ∗ he ight w

data Bu f f e rS i z e = Bu f f e rS i z e
{ t e x e l s : : ! Int −− power o f two

45 }
de r i v i ng (Read , Show , Eq)

l e v e l : : Locat ion −> Int
l e v e l = f l o o r . negate . logBase 2 . ( fromRational : : Rat iona l −> Double {− ⤦

Ç FIXME −}) . r ad iu s
50

radius ’ : : Locat ion −> Double
radius ’ l = 0 .5 ∗∗ f r omInteg ra l ( l e v e l l )

d e l t a : : Locat ion −> Double −− in [ 0 , 1 )
55 de l t a l = logBase 2 $ radius ’ l / fromRational{− FIXME −} ( rad iu s l )

t i l e S i z e : : Int
t i l e S i z e = 256

60 t i l e L e v e l : : Locat ion −> Bu f f e rS i z e −> Int
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t i l e L e v e l l b = l e v e l l + ( f l o o r . logBase (2 : : Double ) . f r omInteg ra l ) ( t e x e l s⤦
Ç b ‘ div ‘ t i l e S i z e )

t i l eO r i g i n : : Complex Rat iona l
t i l eO r i g i n = negate $ 4 :+ 4

65

t i l eOr i g i nRad iu s : : Complex Rat iona l
t i l eOr i g i nRad iu s = 8

bu f f e rOr i g i n : : Locat ion −> Quad −> Maybe (Complex Int )
70 bu f f e rOr i g i n l Quad{ quadLevel = ql , quadWest = qw, quadNorth = qn } = do

guard $ q l >= 0
l e t qd = b i t q l

qc = (qw % qd) :+ (qn % qd)
tx :+ ty = f romInteg ra l t i l e S i z e ∗ f r omInteg ra l qd ∗ ( qc − ( c en te r l − ⤦

Ç t i l eO r i g i n ) / t i l eOr i g i nRad iu s )
75 re turn ( f l o o r tx :+ f l o o r ty )

originQuad : : Locat ion −> Bu f f e rS i z e −> Maybe Quad
originQuad l b =

l e t cx :+ cy = cente r l
80 q l = t i l e L e v e l l b

qs = b i t q l % 1
qw = f l o o r $ ( cx + 4) / 8 ∗ qs
qn = f l o o r $ ( cy + 4) / 8 ∗ qs

in i f q l <= 0 then Nothing e l s e Just Quad{ quadLevel = ql , quadWest = qw, ⤦
Ç quadNorth = qn }

85

bufferQuads : : Locat ion −> Bu f f e rS i z e −> Maybe [ ( Complex Int , Quad) ]
bufferQuads l b = do

q0 <− originQuad l b
i 0 :+ j0 <− bu f f e rOr i g i n l q0

90 l e t m = t e x e l s b
u = f romInteg ra l $ (m ‘ div ‘ 2) ‘ div ‘ t i l e S i z e
v = f romInteg ra l $ (m ‘ div ‘ 2) ‘ div ‘ t i l e S i z e

re turn
[ ( i :+ j , q0{ quadWest = w, quadNorth = n })

95 | ( i , w) <− takeWhile ((< m) . f s t ) $ [ i0 , i 0 + t i l e S i z e . . ] ‘ z ip ‘ [ ⤦
Ç quadWest q0 − u . . ]

, ( j , n ) <− takeWhile ((< m) . f s t ) $ [ j0 , j 0 + t i l e S i z e . . ] ‘ z ip ‘ [ ⤦
Ç quadNorth q0 − v . . ]

]

chi ldQuads : : (Complex Int , Quad) −> [ ( Complex Int , Quad) ]
100 chi ldQuads ( i :+ j , q ) =

l e t i 0 = 2 ∗ i
j 0 = 2 ∗ j
i 1 = i 0 + t i l e S i z e
j 1 = j0 + t i l e S i z e

105 in [ ( i 0 :+ j0 , NorthWest ‘ ch i ld ‘ q )
, ( i 0 :+ j1 , SouthWest ‘ ch i ld ‘ q )
, ( i 1 :+ j0 , NorthEast ‘ ch i ld ‘ q )
, ( i 1 :+ j1 , SouthEast ‘ ch i ld ‘ q )
]

110

v i s ib l eQuads : : Window −> Viewport −> Locat ion −> Bu f f e rS i z e −> Maybe ( [ ( Complex⤦
Ç Int , Quad) ] , [ ( Complex Int , Quad) ] )
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v i s ib l eQuads w v l b = do
l e t x0 = 0

y0 = 0
115 x1 = f romInteg ra l ( width w)

y1 = f romInteg ra l ( he ight w)
toScreen = toScreenCoords w v l
v i s i b l e ( , q ) =

l e t s = square rootSquare q
120 d = squareS i z e s / 2

r = magnitude $ p − p0
c0 = squareWest s :+ squareNorth s
c = ( squareWest s + d) :+ ( squareNorth s + d)
p0 = toScreen c0

125 p@(x :+ y) = toScreen c
in not $ x < x0 − r | | y < y0 − r | | x1 + r < x | | y1 + r < y

qs0 <− bufferQuads l b
l e t qs0 ’ = f i l t e r v i s i b l e qs0

qs1 = concatMap childQuads qs0 ’
130 qs1 ’ = f i l t e r v i s i b l e qs1

re turn ( qs0 ’ , qs1 ’ )

defImage : : Image
defImage = Image

135 { imageWindow = defWindow
, imageViewport = defViewport
, imageLocation = de fLocat ion
, imageColours = de fCo lours
, imageLabels = [ ]

140 , imageLines = [ ]
}

de fCo lours : : Colours
de fCo lours = Colours

145 { c o l o u r I n t e r i o r = Colour 1 0 0
, colourBoundary = Colour 0 0 0
, c o l ou rEx t e r i o r = Colour 1 1 1
}

150 de fLocat ion : : Locat ion
de fLocat ion = Locat ion { cente r = 0 , rad iu s = 2 }

defWindow : : Window
defWindow = Window{ width = 512 , he ight = 288 , supersamples = 1 }

155

defViewport : : Viewport
defViewport = Viewport{ aspect = 16/9 , o r i e n t = 0 }

46 TODO

annoyments
catch except i on s in shake thread ( eg : d i sk f u l l )
f i g u r e out where ra r e l ibpango s e g f a u l t i s coming from − thread ing ?

5 enhancements
nav igat i on

c on f i gu r ab l e zoom mode : c en t e r on c l i c k vs expand about c l i c k
cont inuous zoom mode whi le button i s pre s sed
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undo/ h i s t o r y t r e e nav igat i on
10 l og annotat ion and search

log browser view with f i l t e r i n g
log l e v e l s e t t i n g s ( Set Loggable ?)

p e r s i s t e n c e
image save as png

15 save / load viewing parameters in a common p la i n text format
co l ou r i ng

mul t ip l e c o l ou r i ng modes − minimal / rainbow / hyp e r t i l e
gu i f o r each co l ou r i ng mode with appropr ia t e p e r s i s t e n c e

memory cache
20 opt ion f o r maximum memory cache s i z e

warn when memory cache i s not enough f o r window s e t t i n g s
memory cache model − LRU or s im i l a r ?

d i sk cache
opt ion f o r maximum di sk cache s i z e

25 opt ion to d i s ab l e d i sk cache f o r ca sua l exp lo ra to ry browsing
d i sk cache management : keep most expens ive vs most used ?
t i l e usage s t a t i s t i c s database

t i l e r ende re r
compute t i l e co s t met r i c s ( i t e r a t i o n s ta t s , boundary s i z e , b i t bepth )

30 which quadrants are i n t e r i o r / e x t e r i o r e t c
re −use p i x e l s from parent / ch i l d t i l e s in r endere r
don ’ t compute known− i n t e r i o r t i l e s

f e a t u r e s
scan whole image f o r atoms , subd iv ide f o r more

35 draw i n t e r n a l rays in f e a tu r e over l ay
f e a tu r e database − t ry lookup be f o r e c a l c u l a t i n g , cache r e s u l t s

a lgor i thms
ch i l d f i nd i n g a lgor i thm
parent f i nd i n g a lgor i thm − need to r e s ea r ch

40 box count ing f r a c t a l dimension e s t imate s
misc

t i l e d render ing mode f o r huge images without seams
s c r i p t i n g

he lpe r l i b r a r y f o r us ing GHCI v ia f i f o to g r u f f exe
45

i n t e r n a l
source code documentation
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