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1 AUTHORS

Claude Heiland −Allen
claude@mathr . co . uk
http :// mathr . co . uk

2 config/defaults.lua

−−[[−−

Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

5

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

10

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

15

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

−−]]−−
20

do

l o c a l m = mandulia −− s h o r t e r a l i a s e d name f o r c l a r i t y

25 −− pr in t ( unpack (m. args ) ) −− ext ra command l i n e arguments are here

−− i tems marked (∗ ) take e f f e c t only at i n i t i a l i z a t i o n time
−− unmarked items can be changed at any time
m. record = f a l s e −− dump frames as PPM to stdout

30 m. f u l l s c r e e n = f a l s e −− f u l l s c r e en mode
m. width = 1024 −− (∗ ) window width
m. he ight = 576 −− (∗ ) window he ight
m. fp s = 25 −− frames per second
m. d e t a i l = 11 −− (∗ ) d e t a i l l e v e l

35 i f m. width > m. he ight then −− d i s p l ay s i z e o f each J u l i a s e t
m. d i s p l a y s i z e = m. width / 16

e l s e
m. d i s p l a y s i z e = m. he ight / 16

end
40 m. j u l i a s i z e = 256 −− (∗ ) p i x e l s i z e o f each J u l i a s e t

m. jobs = 512 −− (∗ ) maximum number o f j obs per frame
m. images = 512 −− (∗ ) maximum number o f images to cache
m. t e x t u r e s = 2048 −− (∗ ) maximum number o f t e x t u r e s to cache
m. workers = 2 −− (∗ ) number o f worker threads

45 m. view = { x = 0 , y = 0 , z = 0 } −− viewport coo rd ina t e s

−− ge t s c a l l e d when the window s i z e changes
func t i on m. reshape ( width , he ight )

m. width = width

3
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50 m. he ight = he ight
i f width > he ight then

m. d i s p l a y s i z e = width / 16
e l s e

m. d i s p l a y s i z e = he ight / 16
55 end

end

−− ge t s c a l l e d at the s t a r t o f each frame
−− eg : s e t ’ view ’ here f o r animations

60 f unc t i on m. render ( )
end

−− ge t s c a l l e d when a key i s pre s sed
−− eg : c a l l ’ qu i t ( ) ’ i f you want to qu i t

65 f unc t i on m. keyboard ( key )
end

−− ge t s c a l l e d when the program i s e x i t i n g
func t i on m. a t e x i t ( )

70 end

end

3 config/distance.lua

−−[[−−

Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

5

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

10

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

15

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

−−]]−−
20

do

−−[[−−

25 SYNOPSIS

s = e x t e r i o r d i s t a n c e (x , y , n , r )

INPUTS
30

x , y : po int in the complex plane

4



mandulia config/main.lua

n : i t e r a t i o n l i m i t
r : escape rad iu s

35 OUTPUTS

s : d i s t ance from Mandelbrot s e t ( or n i l i f i n s i d e )

EXAMPLE
40

s = e x t e r i o r d i s t a n c e (x , y , 100 , 100)
i f s ˜= n i l and s < 0 .01 then . . . e l s e . . . end

−−]]−−
45 f unc t i on e x t e r i o r d i s t a n c e (x , y , n , r )

l o c a l px = 0
l o c a l py = 0
l o c a l cx = x

50 l o c a l cy = y
l o c a l dx = 1
l o c a l dy = 0
l o c a l r2 = r ∗ r
l o c a l escape = f a l s e

55 l o c a l px1 , py1 , dx1 , dy1 , px2 , py2 , pxy , d2 , p , d

f o r i = 1 ,n do
−− p n+1 := p n ∗ p n + c
−− d n+1 := 2 ∗ p n ∗ d n + 1

60 px2 = px ∗ px
py2 = py ∗ py
d2 = px2 + py2
i f d2 > r2 then escape = true ; break end
pxy = px ∗ py

65 px1 = px2 − py2 + cx
py1 = 2 ∗ pxy + cy
dx1 = 2 ∗ ( px ∗ dx − py ∗ dy ) + 1
dy1 = 2 ∗ ( dx ∗ py + dy ∗ px )
px = px1 ; py = py1 ; dx = dx1 ; dy = dy1

70 end

i f escape then
p = math . s q r t ( px ∗ px + py ∗ py )
d = math . s q r t ( dx ∗ dx + dy ∗ dy )

75 re turn 2 ∗ p ∗ math . l og (p) / d
e l s e

re turn n i l
end

80 end

end

4 config/main.lua

−−[[−−

Mandulia −− Mandelbrot/ J u l i a e x p l o r e r

5
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Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
5

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

10

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

15

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

−−]]−−
20

r e q u i r e (” d e f a u l t s ”)
r e q u i r e (” t r a n s i t i o n ”)
r e q u i r e (” d i s t anc e ”)

25 do

−− frame count without i n t e r a c t i o n
l o c a l mode = ” i n t e r a c t ”
l o c a l unattended = 0

30 l o c a l attent ionSpan = 25 ∗ 60

−− frame counts f o r r e co rd ing
l o c a l frames = 0
l o c a l frameLimit = 0

35

−− magic numbers
math . randomseed ( os . time ( ) )
l o c a l phi = (math . s q r t (5 ) + 1) / 2
l o c a l phi1 = (math . s q r t (5 ) − 1) / 2

40

−− animation parameters
l o c a l de fau l tSpeed = 0.125
l o c a l defaultWeight = 8
l o c a l speed = defau l tSpeed

45 l o c a l weight = defaultWeight

−− view bounds
l o c a l minimum = { x = −4 , y = −4 , z = 0 }
l o c a l maximum = { x = 4 , y = 4 , z = 42 }

50 l o c a l f unc t i on clamp (x , mi , ma)
re turn math . min (math . max(x , mi ) , ma)

end

−− a t t r a c t mode f o r i n t e r e s t i n g behaviour when unattended
55 l o c a l a t t r a c t = { }

do

l o c a l f unc t i on walk (x , mi , ma, d)
l o c a l p = ( x − mi) / (ma − mi)

60 l o c a l s = math . random ( )

6
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re turn x + d ∗ ( s − p)
end

−− d e f a u l t view
65 l o c a l f unc t i on zero ( ) re turn { x = 0 , y = 0 , z = minimum . z } end

−− animation v a r i a b l e s
l o c a l source = zero ( )
l o c a l t a r g e t = zero ( )

70 l o c a l t = 0
l o c a l s = 0
l o c a l f = func t i on ( t ) re turn zero ( ) end
l o c a l dz = minimum . z

75 l o c a l h i s t o r y = { }
f o r i = 1 ,48 do

h i s t o r y [ i ] = { x = 0 , y = 0 }
end
l o c a l h i s t o r y p t r = 1

80

a t t r a c t . ente r = func t i on ( )
mode = ” a t t r a c t ”
t a r g e t . x = mandulia . view . x
t a r g e t . y = mandulia . view . y

85 t a r g e t . z = mandulia . view . z
t = 0
s = 0

end

90 a t t r a c t . render = func t i on ( )
t = t + speed ∗ ( phi1 ˆ dz )
i f t > s then −− we reached the target , new t a r g e t needed

t = t − s
source . x = t a r g e t . x

95 source . y = t a r g e t . y
source . z = t a r g e t . z
l o c a l i n t e r e s t i n g
l o c a l x , y , e , v , d2 , dx , dy
l o c a l r = 25 ∗ phi1 ˆ dz

100 e = e x t e r i o r d i s t a n c e ( source . x , source . y , 1000 , 1000)
i n t e r e s t i n g = e ˜= n i l and e < 0.00001
i f i n t e r e s t i n g then

i n t e r e s t i n g = f a l s e
whi l e not i n t e r e s t i n g do

105 x = source . x + r ∗ (2 ∗ math . random ( ) − 1)
y = source . y + r ∗ (2 ∗ math . random ( ) − 1)
e = e x t e r i o r d i s t a n c e (x , y , 1000 , 1000)
i f e ˜= n i l and e < 0.00001 then

v = f a l s e
110 f o r i , p in i p a i r s ( h i s t o r y ) do

dx = x − p . x
dy = y − p . y
d2 = dx ∗ dx + dy ∗ dy
v = v or d2 < 0 .01

115 end
i f v then r = r ∗ 1 .1 end
i n t e r e s t i n g = not v

7
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end
end

120 e l s e
i n t e r e s t i n g = f a l s e
whi l e not i n t e r e s t i n g do

x = math . random ( ) ∗ (maximum . x − minimum . x ) + minimum . x
y = math . random ( ) ∗ (maximum . y − minimum . y ) + minimum . y

125 e = e x t e r i o r d i s t a n c e (x , y , 1000 , 1000)
i n t e r e s t i n g = e ˜= n i l and e < 0.00001

end
end
t a r g e t . x = clamp (x , minimum . x , maximum . x )

130 t a r g e t . y = clamp (y , minimum . y , maximum . y )
t a r g e t . z = walk ( source . z , minimum . z , maximum . z , 3)
h i s t o r y [ h i s t o r y p t r ] . x = t a r g e t . x
h i s t o r y [ h i s t o r y p t r ] . y = t a r g e t . y
h i s t o r y p t r = h i s t o r y p t r + 1

135 i f h i s t o r y p t r > #h i s t o r y then h i s t o r y p t r = 1 end
s , f = t r a n s i t i o n ( source , target , weight , phi )

end
mandulia . view = f ( t )
mandulia . view . z = clamp ( mandulia . view . z , minimum . z , maximum . z )

140 dz = mandulia . view . z
end −− render

end −− a t t r a c t

145 −− i n t e r a c t mode f o r engagement and c o n t r o l
l o c a l i n t e r a c t = { }
do

l o c a l d e l t a = { x = 0 , y = 0 , z = 0 }
150

i n t e r a c t . ente r = func t i on ( )
mode = ” i n t e r a c t ”
unattended = 0

end
155

i n t e r a c t . render = func t i on ( )
l o c a l x = mandulia . view . x + speed ∗ d e l t a . x ∗ phi1 ˆ mandulia . view . z
l o c a l y = mandulia . view . y + speed ∗ d e l t a . y ∗ phi1 ˆ mandulia . view . z
l o c a l z = mandulia . view . z + speed ∗ d e l t a . z

160 mandulia . view . x = clamp (x , minimum . x , maximum . x )
mandulia . view . y = clamp (y , minimum . y , maximum . y )
mandulia . view . z = clamp ( z , minimum . z , maximum . z )

end

165 l o c a l keys =
{ Right = func t i on ( ) d e l t a . x = d e l t a . x + 1 end
, Le f t = func t i on ( ) d e l t a . x = de l t a . x − 1 end
, Up = func t i on ( ) d e l t a . y = d e l t a . y + 1 end
, Down = func t i on ( ) d e l t a . y = de l t a . y − 1 end

170 , PageUp = func t i on ( ) de l t a . z = d e l t a . z + 1 end
, PageDown = func t i on ( ) d e l t a . z = de l t a . z − 1 end
, End = func t i on ( ) d e l t a = { x = 0 , y = 0 , z = 0 } end
, Home = func t i on ( ) d e l t a = { x = 0 , y = 0 , z = 0 }

mandulia . view = { x = 0 , y = 0 , z = 0 } end

8
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175 , [ ” [ ” ] = func t i on ( ) speed = speed ∗ 0 .95 end
, [ ” ] ” ] = func t i on ( ) speed = speed / 0 .95 end
, [”#”] = func t i on ( ) speed = de fau l tSpeed end
, [ ” { ” ] = func t i on ( ) weight = weight ∗ 0 .95 end
, [ ” } ” ] = func t i on ( ) weight = weight / 0 .95 end

180 , [ ” ˜ ” ] = func t i on ( ) weight = defaultWeight end
}

i n t e r a c t . keyboard = func t i on ( key )
i f type ( keys [ key ] ) == ” func t i on ” then keys [ key ] ( ) end

185 end

end −− i n t e r a c t

l o c a l s c r e en sho t = { }
190 l o c a l r ecord = { }

do

l o c a l r e co rd ing = f a l s e

195 s c r e en sho t . ente r = func t i on ( )
frames = 0
frameLimit = 1
frameStep = 1
reco rd ing = true

200 end

record . ente r = func t i on ( )
frames = 0
frameLimit = 25 ∗ 60 ∗ 10

205 frameStep = 1
reco rd ing = true

end

record . render = func t i on ( )
210 i f r e co rd ing then

mandulia . r ecord = ( frames % frameStep ) == 0 and frames < frameLimit
frames = frames + 1

end
end

215

end −− s c r e en sho t / record

func t i on mandulia . render ( )
220 i f mode == ” i n t e r a c t ” then

i n t e r a c t . render ( )
unattended = unattended + 1
i f unattended >= attent ionSpan then a t t r a c t . ente r ( ) end

e l s e i f mode == ” a t t r a c t ” then
225 a t t r a c t . render ( )

end
record . render ( )

end

230 f unc t i on mandulia . keyboard ( key )
i f key == ”Escape” then mandulia . qu i t ( )

9
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e l s e i f key == ”F11” then mandulia . f u l l s c r e e n = not mandulia . f u l l s c r e e n
e l s e i f key == ”a” then a t t r a c t . ente r ( )
e l s e i f key == ” r ” then record . ente r ( )

235 e l s e i f key == ” s ” then s c r e en sho t . ente r ( )
e l s e

i n t e r a c t . ente r ( )
i n t e r a c t . keyboard ( key )

end
240 end

end

p c a l l ( f unc t i on ( ) r e q u i r e (” c o n f i g ”) end )

5 config/transition.lua

−−[[−−

Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

5

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

10

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

15

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

−−]]−−
20

do

−−[[−−

25 SYNOPSIS

s , f = t r a n s i t i o n ( a , b , p , q )

INPUTS
30

a ˜ {x , y , z} z >= 0 : source v iewpoint coo rd ina t e s
b ˜ {x , y , z} z >= 0 : t a r g e t v iewpoint coo rd ina t e s
p > 0 : zoom vs move weight ing ( sma l l e r => zoomier )
q > 1 : zoom f a c t o r

35

OUTPUTS

s >= 0 : source−>t a r g e t path l ength
f ( t ) ˜ {x , y , z} z >= 0 : viewpoint i n t e r p o l a t o r

40 where 0 <= t <= s

10
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EXAMPLE

s , f = t r a n s i t i o n ( a , b , p , q )
45 f o r t = 0 , s , dt do

view = f ( t )
end

−−]]−−
50 f unc t i on t r a n s i t i o n ( aa , bb , pp , qq )

−− copy arguments
l o c a l a = { x = aa . x , y = aa . y , z = aa . z }
l o c a l b = { x = bb . x , y = bb . y , z = bb . z }

55 l o c a l p = pp
l o c a l q = qq

−− trans form coo rd ina t e s
l o c a l logp = math . l og (p)

60 l o c a l logq = math . l og ( q )
l o c a l f unc t i on y ( z ) re turn p ∗ ( q ˆ (−z ) ) end
l o c a l f unc t i on z ( y )

i f y > 0 then
return math . max( ( logp − math . l og ( y ) ) / logq , 0)

65 e l s e
re turn 0

end
end

70 −− i n i t i a l c oo rd ina t e s
l o c a l dx = b . x − a . x
l o c a l dy = b . y − a . y
−− l o c a l x0 = 0
l o c a l y0 = y ( a . z )

75 l o c a l x1 = math . s q r t ( dx ∗ dx + dy ∗ dy )
l o c a l y1 = y (b . z )

i f x1 > 0 then −− c i r c u l a r arc cente red on x−a x i s

80 l o c a l xc = ( x1∗x1 + y1∗y1 − y0∗y0 ) / (2 ∗ x1 )
l o c a l a0 = math . atan2 ( y0 , − xc )
l o c a l a1 = math . atan2 ( y1 , x1 − xc )
l o c a l r = math . s q r t ( xc∗xc + y0∗y0 )
l o c a l s = r ∗ math . abs ( a1 − a0 )

85 l o c a l da = ( a1 − a0 ) / s
l o c a l fx = dx / x1
l o c a l fy = dy / x1
return s , f unc t i on ( t )

l o c a l at = a0 + t ∗ da
90 l o c a l dr = xc + r ∗ math . cos ( at )

re turn { x = a . x + fx ∗ dr
, y = a . y + fy ∗ dr
, z = z ( r ∗ math . s i n ( at ) )
}

95 end

e l s e
l o c a l s = math . abs ( y1 − y0 )

11
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i f s > 0 then −− v e r t i c a l l i n e segment
100

l o c a l ds = ( y1 − y0 ) / s
re turn s , f unc t i on ( t )

re turn { x = a . x , y = a . y , z = z ( y0 + t ∗ ds ) }
end

105

e l s e −− end po in t s are i d e n t i c a l

r e turn 0 , func t i on ( t )
re turn { x = a . x , y = a . y , z = a . z }

110 end

end
end

end
115

end

6 COPYING

GNU GENERAL PUBLIC LICENSE
Vers ion 3 , 29 June 2007

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

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

Preamble

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

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

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

20 your programs , too .

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

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

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

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

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

freedoms that you r e c e i v e d . You must make sure that they , too , r e c e i v e

12
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or can get the source code . And you must show them these terms so they
know t h e i r r i g h t s .

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

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

authors ’ sake , the GPL r e q u i r e s that modi f i ed v e r s i o n s be marked as
changed , so that t h e i r problems w i l l not be a t t r i b u t e d e r roneous ly to
authors o f prev ious v e r s i o n s .

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

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

60

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

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

The p r e c i s e terms and c o n d i t i o n 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 o w .

70

TERMS AND CONDITIONS

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

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

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

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

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

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

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

To ” propagate ” a work means to do anything with i t that , without
permiss ion , would make you d i r e c t l y or s e c o n d a r i l y l i a b l e f o r

13
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i n f r ingement under a p p l i c a b l e copyr ight law , except execut ing i t on a
95 computer or modifying a p r i v a t e copy . Propagation i n c l u d e s copying ,

d i s t r i b u t i o n ( with or without mod i f i c a t i on ) , making a v a i l a b l e to the
publ ic , and in some c o u n t r i e s other a c t i v i t i e s as we l l .

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

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

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

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

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

1 . Source Code .

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

form o f a work .

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

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

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

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

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

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

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

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

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

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

150
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The Corresponding Source f o r a work in source code form i s that
same work .

2 . Bas ic Permiss ions .
155

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

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

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

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

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

175 Conveying under any other c i r cumstances i s permitted s o l e l y under
the c o n d i t i o n s s ta t ed below . S u b l i c en s i n g i s not a l lowed ; s e c t i o n 10
makes i t unnecessary .

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

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

185 measures .

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

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

195 4 . Conveying Verbatim Copies .

You may convey verbatim c o p i e s o f the Program ’ s source code as you
r e c e i v e i t , in any medium , provided that you consp i cuous ly and
approp r i a t e l y pub l i sh on each copy an appropr ia t e copyr ight n o t i c e ;

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

205 You may charge any p r i c e or no p r i c e f o r each copy that you convey ,
and you may o f f e r support or warranty p r o t e c t i o n f o r a f e e .
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5 . Conveying Modif ied Source Vers ions .

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

a ) The work must car ry prominent n o t i c e s s t a t i n g that you modi f i ed
215 i t , and g iv ing a r e l e v a n t date .

b ) The work must car ry prominent n o t i c e s s t a t i n g that i t i s
r e l e a s e d under t h i s L i cense and any c o n d i t i o n s added under s e c t i o n
7 . This requirement mod i f i e s the requirement in s e c t i o n 4 to

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

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

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

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

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

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

245 6 . Conveying Non−Source Forms .

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

250 in one o f the se ways :

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

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

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

260 long as you o f f e r spare par t s or customer support f o r that product
model , to g ive anyone who p o s s e s s e s the ob j e c t code e i t h e r (1 ) a
copy o f the Corresponding Source f o r a l l the so f tware in the
product that i s covered by t h i s License , on a durable p h y s i c a l
medium customar i ly used f o r so f tware interchange , f o r a p r i c e no
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265 more than your rea sonab l e co s t o f p h y s i c a l l y per forming t h i s
conveying o f source , or (2 ) a c c e s s to copy the
Corresponding Source from a network s e r v e r at no charge .

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

a l t e r n a t i v e i s a l lowed only o c c a s i o n a l l y and noncommercial ly , and
only i f you r e c e i v e d the ob j e c t code with such an o f f e r , in accord
with subs e c t i on 6b .

275 d) Convey the ob j e c t code by o f f e r i n g a c c e s s from a des ignated
p lace ( g r a t i s or f o r a charge ) , and o f f e r equ iva l en t a c c e s s to the
Corresponding Source in the same way through the same p lace at no
f u r t h e r charge . You need not r e q u i r e r e c i p i e n t s to copy the
Corresponding Source along with the ob j e c t code . I f the p lace to

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

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

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

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

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

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

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

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

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

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

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

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

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

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

The requirement to prov ide I n s t a l l a t i o n In format ion does not in c lude a
330 requirement to cont inue to prov ide support s e r v i c e , warranty , or updates

f o r a work that has been modi f i ed or i n s t a l l e d by the r e c i p i e n t , or f o r
the User Product in which i t has been modi f i ed or i n s t a l l e d . Access to a
network may be denied when the mod i f i c a t i on i t s e l f m a t e r i a l l y and
adve r s e l y a f f e c t s the opera t i on o f the network or v i o l a t e s the r u l e s and

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

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

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

7 . Addi t iona l Terms .

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

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

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

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

360

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

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

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

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

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

375

d) Limit ing the use f o r p u b l i c i t y purposes o f names o f l i c e n s o r s or
authors o f the mate r i a l ; or
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e ) Dec l in ing to grant r i g h t s under trademark law f o r use o f some
380 t rade names , trademarks , or s e r v i c e marks ; or

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

385 any l i a b i l i t y that these con t r a c tua l assumptions d i r e c t l y impose on
those l i c e n s o r s and authors .

Al l other non−permi s s i v e a d d i t i o n a l terms are cons ide r ed ” f u r t h e r
r e s t r i c t i o n s ” with in the meaning o f s e c t i o n 10 . I f the Program as you

390 r e c e i v e d i t , or any part o f i t , conta in s a n o t i c e s t a t i n g that i t i s
governed by t h i s L i cense along with a term that i s a f u r t h e r
r e s t r i c t i o n , you may remove that term . I f a l i c e n s e document conta in s
a f u r t h e r r e s t r i c t i o n but permits r e l i c e n s i n g or conveying under t h i s
License , you may add to a covered work mate r i a l governed by the terms

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

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

400 a d d i t i o n a l terms that apply to those f i l e s , or a n o t i c e i n d i c a t i n g
where to f i n d the a p p l i c a b l e terms .

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

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

8 . Termination .

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

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

415 However , i f you cease a l l v i o l a t i o n o f t h i s License , then your
l i c e n s e from a p a r t i c u l a r copyr ight ho lder i s r e i n s t a t e d ( a )
p r o v i s i o n a l l y , u n l e s s and u n t i l the copyr ight ho lder e x p l i c i t l y and
f i n a l l y te rminates your l i c e n s e , and (b) permanently , i f the copyr ight
ho lder f a i l s to n o t i f y you o f the v i o l a t i o n by some reasonab l e means

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

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

425 r e c e i v e d n o t i c e o f v i o l a t i o n o f t h i s L i cense ( f o r any work ) from that
copyr ight holder , and you cure the v i o l a t i o n p r i o r to 30 days a f t e r
your r e c e i p t o f the n o t i c e .

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

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

435 9 . Acceptance Not Required f o r Having Copies .
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You are not r equ i r ed to accept t h i s L i cense in order to r e c e i v e or
run a copy o f the Program . A n c i l l a r y propagat ion o f a covered work
occur r ing s o l e l y as a consequence o f us ing peer −to−peer t ransmi s s i on

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

445

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

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

450 propagate that work , s u b j e c t to t h i s L i cense . You are not r e s p o n s i b l e
f o r e n f o r c i n g compliance by t h i r d p a r t i e s with t h i s L i cense .

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

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

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

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

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

470

11 . Patents .

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

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

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

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

485 t h i s L i cense .

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

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

In the f o l l o w i n g three paragraphs , a ” patent l i c e n s e ” i s any expre s s

20



mandulia COPYING

agreement or commitment , however denominated , not to e n f o r c e a patent
( such as an expre s s permis s ion to p r a c t i c e a patent or covenant not to

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

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

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

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

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

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

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

520

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

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

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

535

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

540 12 . No Surrender o f Others ’ Freedom .

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

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

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

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

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

560 s e c t i o n 13 , concern ing i n t e r a c t i o n through a network w i l l apply to the
combination as such .

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

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

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

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

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

pub l i c statement o f acceptance o f a v e r s i o n permanently a u t h o r i z e s you
to choose that ve r s i on f o r the Program .

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

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

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

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

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

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

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

605 GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE
USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF

22



mandulia COPYING

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

610 SUCH DAMAGES.

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

I f the d i s c l a i m e r o f warranty and l i m i t a t i o n o f l i a b i l i t y provided
615 above cannot be g iven l o c a l l e g a l e f f e c t accord ing to t h e i r terms ,

r ev i ewing cour t s s h a l l apply l o c a l law that most c l o s e l y approximates
an abso lu t e waiver o f a l l c i v i l l i a b i l i t y in connect ion with the
Program , u n l e s s a warranty or assumption o f l i a b i l i t y accompanies a
copy o f the Program in return f o r a f e e .

620

END OF TERMS AND CONDITIONS

How to Apply These Terms to Your New Programs

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

To do so , attach the f o l l o w i n g n o t i c e s to the program . I t i s s a f e s t
630 to attach them to the s t a r t o f each source f i l e to most e f f e c t i v e l y

s t a t e the e x c l u s i o n 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 n o t i c e i s found .

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

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

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

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

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

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

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

I f the program does te rmina l i n t e r a c t i o n , make i t output a shor t
n o t i c e l i k e t h i s when i t s t a r t s in an i n t e r a c t i v e mode :

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

660 The hypo the t i c a l commands ‘ show w’ and ‘ show c ’ should show the appropr ia t e
par t s o f the General Publ ic L i cense . Of course , your program ’ s commands
might be d i f f e r e n t ; f o r a GUI i n t e r f a c e , you would use an ”about box ” .
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You should a l s o get your employer ( i f you work as a programmer ) or schoo l ,
665 i f any , to s i gn a ” copyr ight d i s c l a i m e r ” f o r the program , i f nece s sa ry .

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

The GNU General Publ ic L i cense does not permit i n c o r p o r a t i n g your program
670 i n to p r o p r i e t a r y programs . I f your program i s a subrout ine l i b r a r y , 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 r o p r i e t a r y a p p 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 . But f i r s t , p l e a s e read
<http ://www. gnu . org / phi losophy /why−not− l g p l . html>.

7 extra/.gitignore

ppmtoy4m quickndirty

8 extra/Makefile

#!/ usr / bin /make − f
#
# ppmtoy4m quickndirty −− f a s t e r PPM to YUV4MPEG2 conver s i on
# Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

20 GCC=gcc −std=c99 −Wall −pedant ic −O3 −march=nat ive

a l l : ppmtoy4m quickndirty

c l ean :
25 −rm − f ppmtoy4m quickndirty

. SUFFIXES :

.PHONY: a l l c l ean

30 ppmtoy4m quickndirty : ppmtoy4m quickndirty . c
$ (GCC) −o ppmtoy4m quickndirty ppmtoy4m quickndirty . c

9 extra/ppmtoy4m quickndirty.c

/∗
ppmtoy4m quickndirty −− f a s t e r PPM to YUV4MPEG2 conver s i on
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
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5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

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

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

Port ions o f t h i s code are der ived from mjpegtoo l s :
20 ”mjpeg/ mjpeg play / l a v t o o l s / c o l o r s p a c e . c”

c o l o r s p a c e . c : Routines to perform c o l o r s p a c e conve r s i on s .
Copyright (C) 2001 Matthew J . Marjanovic <maddog@mir . com>

25 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 pub l 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 .

30 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 .

35 You should have r e c e i v e d 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 . , 59 Temple Place − Su i t e 330 , Boston , MA 02111−1307 , USA.
∗/

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

45 #d e f i n e FP BITS 18

s t a t i c i n l i n e i n t myround ( double n) {
i f (n >= 0) return ( i n t ) (n + 0 . 5 ) ;
e l s e re turn ( i n t ) (n − 0 . 5 ) ;

50 }

#d e f i n e Y 0
#d e f i n e U 1
#d e f i n e V 2

55 #d e f i n e R 0
#d e f i n e G 1
#d e f i n e B 2

i n t main ( i n t argc , char ∗∗ argv ) {
60 i f ( argc != 3) { re turn 1 ; }

char ∗widths = argv [ 1 ] ;
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char ∗ he i gh t s = argv [ 2 ] ;
char ppmtemplate [ 1 0 2 4 ] ;
s n p r i n t f ( ppmtemplate , 1000 , ”P6\n%s %s 255\n” , widths , h e i gh t s ) ;

65 i n t width ;
i n t he ight ;
i f ( s s c a n f ( ppmtemplate , ”P6\n%d %d 255\n” , &width , &he ight ) != 2) { f p r i n t f (⤦

Ç s tde r r , ”ppm template parse \n”) ; r e turn 1 ; }
i n t n = width ∗ he ight ;
unsigned char ∗ rgbs = mal loc (n ∗ 3) ;

70 unsigned char ∗ys = mal loc (n) ;
unsigned char ∗us = mal loc (n) ;
unsigned char ∗vs = mal loc (n) ;
char y4m [ 1 0 2 4 ] ;
s n p r i n t f (y4m, 1000 , ”YUV4MPEG2 W%d H%d F25 : 1 Ip A1: 1 C444\n” , width , he ight ) ;

75 i f ( f w r i t e (y4m, s t r l e n (y4m) , 1 , s tdout ) != 1) { f p r i n t f ( s tde r r , ”y4m header ⤦
Ç wr i t e \n”) ; r e turn 1 ; }

i n t 3 2 t cc [ 3 ] [ 3 ] [ 2 5 6 ] ;
f o r ( i n t i = 0 ; i < 256 ; ++i ) {

cc [Y ] [ R ] [ i ] = myround (0 . 299 ∗ ( double ) i ∗ 219 .0 / 255 .0 ∗ ( double )(1<<⤦
Ç FP BITS) ) ;

cc [Y ] [G] [ i ] = myround (0 . 587 ∗ ( double ) i ∗ 219 .0 / 255 .0 ∗ ( double )(1<<⤦
Ç FP BITS) ) ;

80 cc [Y ] [ B ] [ i ] = myround ( ( 0 . 1 1 4 ∗ ( double ) i ∗ 219 .0 / 255 .0 ∗ ( double )(1<<⤦
Ç FP BITS) ) + ( double ) (1<<(FP BITS−1) ) + ( 1 6 . 0 ∗ ( double )(1<<FP BITS) ) ) ;

cc [U ] [ R ] [ i ] = myround( −0.168736 ∗ ( double ) i ∗ 224 .0 / 255 .0 ∗ ( double )(1<<⤦
Ç FP BITS) ) ;

cc [U ] [G] [ i ] = myround( −0.331264 ∗ ( double ) i ∗ 224 .0 / 255 .0 ∗ ( double )(1<<⤦
Ç FP BITS) ) ;

cc [U ] [ B ] [ i ] = myround ( ( 0 . 5 0 0 ∗ ( double ) i ∗ 224 .0 / 255 .0 ∗ ( double )(1<<⤦
Ç FP BITS) ) + ( double ) (1<<(FP BITS−1) ) + (128 . 0 ∗ ( double )(1<<FP BITS) ) )⤦
Ç ;

cc [V ] [ R ] [ i ] = myround (0 . 500 ∗ ( double ) i ∗ 224 .0 / 255 .0 ∗ ( double )(1<<⤦
Ç FP BITS) ) ;

85 cc [V ] [G] [ i ] = myround( −0.418688 ∗ ( double ) i ∗ 224 .0 / 255 .0 ∗ ( double )(1<<⤦
Ç FP BITS) ) ;

cc [V ] [ B ] [ i ] = myround (( −0.081312 ∗ ( double ) i ∗ 224 .0 / 255 .0 ∗ ( double )(1<<⤦
Ç FP BITS) ) + ( double ) (1<<(FP BITS−1) ) + (128 . 0 ∗ ( double )(1<<FP BITS) ) )⤦
Ç ;

}
i n t ppml = s t r l e n ( ppmtemplate ) ;
char ppm[ 1 0 2 4 ] ;

90 whi le ( f r ead (ppm, ppml , 1 , s td in ) == 1) {
ppm[ ppml ] = ’\0 ’ ;
i f ( strncmp ( ppmtemplate , ppm, ppml ) ) { f p r i n t f ( s tde r r , ”ppm template ⤦

Ç mismatch\n%s%s ” , ppmtemplate , ppm) ; re turn 1 ; }
i f ( f r ead ( rgbs , n ∗ 3 , 1 , s td in ) != 1) { f p r i n t f ( s tde r r , ”ppm read mismatch\⤦

Ç n”) ; r e turn 1 ; }
unsigned char ∗ rgb = rgbs ;

95 unsigned char ∗y = ys ;
unsigned char ∗u = us ;
unsigned char ∗v = vs ;
f o r ( i n t i = 0 ; i < n ; ++i ) {

i n t r = ∗ rgb++;
100 i n t g = ∗ rgb++;

i n t b = ∗ rgb++;
∗y++ = ( cc [Y ] [ R ] [ r ] + cc [Y ] [G] [ g ] + cc [Y ] [ B ] [ b ] ) >> FP BITS ;
∗u++ = ( cc [U ] [ R ] [ r ] + cc [U ] [G] [ g ] + cc [U ] [ B ] [ b ] ) >> FP BITS ;
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∗v++ = ( cc [V ] [ R ] [ r ] + cc [V ] [G] [ g ] + cc [V ] [ B ] [ b ] ) >> FP BITS ;
105 }

i f ( f w r i t e (”FRAME\n” , 6 , 1 , s tdout ) != 1) { f p r i n t f ( s tde r r , ”y4m frame wr i t e⤦
Ç \n”) ; r e turn 1 ; }

i f ( f w r i t e ( ys , n , 1 , s tdout ) != 1) { f p r i n t f ( s tde r r , ”y4m y wr i t e \n”) ; ⤦
Ç re turn 1 ; }

i f ( f w r i t e ( us , n , 1 , s tdout ) != 1) { f p r i n t f ( s tde r r , ”y4m u wr i t e \n”) ; ⤦
Ç re turn 1 ; }

i f ( f w r i t e ( vs , n , 1 , s tdout ) != 1) { f p r i n t f ( s tde r r , ”y4m v wr i t e \n”) ; ⤦
Ç re turn 1 ; }

110 }
re turn 0 ;

}

10 .gitignore

d i s t
ChangeLog

11 HACKING

Hacking Mandulia
================

Source Code Index
5 −−−−−−−−−−−−−−−−−

s r c / − ’ mandulia ’ program source code
c o n f i g / − ’ mandulia ’ runtime c o n f i g u r a t i o n s

10 s r c /AmmannA3. hs − zooming i n t e r f a c e f o r a s u b s t i t u t i o n t i l i n g
s r c /Bounds . hs − ope ra t i on s on bounding r e c t a n g l e s
s r c /Image . hs − t ran spor t images from CPU to GPU
s r c / I n t e r f a c e . hs − i n t e r f a c e f o r s c r i p t i n g ’ mandulia ’ in Lua
s r c /JobQueue . hs − a dynamical ly r e p r i o r i t i z a b l e todo l i s t

15 s r c / J u l i a . hs − worker thread f o r r ender ing J u l i a Set s
s r c /Mandulia . hs − main program ( t h i s f i l e needs to be s p l i t up )
s r c / Pr ior i tyCache . hs − f o r caching the N best − r i ght −now items
s r c / qso r t . c − wrapper f o r C’ s q so r t ( ) ( code implementat ions )
s r c / qso r t . h − wrapper f o r C’ s q so r t ( ) ( data d e f i n i t i o n s )

20 s r c / ResourcePool . hs − a l l o c a t e up to N re source s , r eu s ing them
s r c / r j u l i a . c − render J u l i a Set s ( code implementat ions )
s r c / r j u l i a . h − render J u l i a Set s ( code s p e c i f i c a t i o n s )
s r c / r t s . c − c o n f i g u r e GHC d e f a u l t runtime opt ions
s r c /Snapshot . hs − export the OpenGL frame b u f f e r to PPM

25 s r c / Sort . hsc − i n t e r f a c e with ’ q so r t . c ’ and ’ q so r t . h ’
s r c / StatsLogger . hs − runtime s t a t i s t i c s l ogg ing mechanism
s r c /TextureCache . hs − cache the N best − r i ght −now t e x t u r e s on the GPU
s r c / U t i l s . hs − misc e l l aneous gene ra l purpose u t i l i t y f u n c t i o n s
s r c / Vector . hs − l i n e a r a lgebra ((2+1)D homegenous coo rd ina t e s )

30

c o n f i g / d e f a u l t s . lua − d e f a u l t s e t t i n g s ( to be used by c o n f i g u r a t i o n s )
c o n f i g / d i s t anc e . lua − compute Mandelbrot e x t e r i o r d i s t anc e ( used by ’ main ’ )
c o n f i g /main . lua − ’ main ’ c o n f i g u r a t i o n ( i n t e r a c t and a t t r a c t modes )
c o n f i g / t r a n s i t i o n . lua − i n t e r p o l a t e between viewports ( used by ’ main ’ )
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12 INSTALL

I n s t a l l a t i o n
============

The easy way
5 −−−−−−−−−−−−

Get ’ gcc ’ and ’ cabal − i n s t a l l ’ and run ’ caba l i n s t a l l ’ .
I f your CPU does not support SSE4 i n s t r u c t i o n s , add ’− f −SSE4 ’ .

10

The s l i g h t l y l e s s easy way
−−−−−−−−−−−−−−−−−−−−−−−−−−

I f you cannot ’ cabal − i n s t a l l ’ , f o l l o w the usua l Cabal procedure :
15

runha ske l l Setup . hs c o n f i g u r e
runha ske l l Setup . hs bu i ld
runha ske l l Setup . hs i n s t a l l

20 Note that you w i l l need ’GLUT’ and ’ hslua ’ i n s t a l l e d f i r s t .

For more in fo rmat ion :

runha ske l l Setup . hs he lp
25

See Also
−−−−−−−−

30 http ://www. h a s k e l l . org / caba l /

13 loc.sh

#!/ bin /bash
#
# Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
# Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

15 #
# You should have r e c e i v e d a copy o f the GNU General Publ ic L i cense
# along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.
#
b l i n e s =18

20 bwords=111
bchars=728
count=0
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wc s r c /∗ c o n f i g /∗ |
whi le read l i n e s words chars f i l ename

25 do
i f [ [ ”${ f i l ename }” == ” t o t a l ” ] ]
then

l i n e s=$ ( ( l i n e s − count ∗ b l i n e s ) )
words=$ ( ( words − count ∗ bwords ) )

30 chars=$ ( ( chars − count ∗ bchars ) )
echo ” Source code s t a t i s t i c s : ${ l i n e s } l i n e s , ${words} words , ${ chars } chars⤦

Ç . ”
e l s e

count=$ ( ( count + 1 ) )
f i

35 done

14 mandulia.cabal

Name : mandulia
Vers ion : 0 . 7 . 0 . 1
S t a b i l i t y : P r o v i s i o n a l
Synops is : A zooming v i s u a l i s a t i o n o f the Mandelbrot Set as many J u l i a⤦

Ç Sets .
5 Desc r ip t i on : Mandulia prov ide s a zooming v i s u a l i s a t i o n o f the Mandelbrot⤦

Ç Set
as many J u l i a Sets . Featur ing a p r o f i l e d and opt imized ⤦

Ç renderer ,
and a Lua c o n f i g u r a t i o n and s c r i p t i n g i n t e r f a c e .
.
Mandulia supports a d d i t i o n a l compile −time f l a g s f o r speed , ⤦

Ç but by
10 d e f a u l t the se are d i s ab l ed because they don ’ t work on a l l ⤦

Ç systems .
These f l a g s are ”− f f a s t ” f o r mi s c e l l aneous opt imizat ions , ⤦

Ç and
”− f f a s t −fSSE4” to use SSE4 i n s t r u c t i o n s too .
.
Changes from ”mandulia −0 . 6” : the opt imiza t i on f l a g s are ⤦

Ç d i s ab l ed
15 by d e f a u l t as they were caus ing problems on some systems ; ⤦

Ç reduced
v i s u a l j i t t e r f o r smoother animation ; smoother co l ou r ⤦

Ç gradat i ons ;
a c c e s s runtime s t a t i s t i c s from Lua s c r i p t s .

Homepage : http :// code . mathr . co . uk/mandulia
Cabal−ve r s i on : >=1.6

20 License : GPL−3
License − f i l e : COPYING
Author : Claude Heiland −Allen
Maintainer : claude@mathr . co . uk
Copyright : (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

25 Category : Graphics
Build−type : Simple
Extra−source − f i l e s : AUTHORS ChangeLog HACKING INSTALL NEWS README TODO

s r c / r j u l i a . h s r c / qso r t . h
Data−d i r : c o n f i g

30 Data− f i l e s : d e f a u l t s . lua d i s t ance . lua main . lua t r a n s i t i o n . lua
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Flag f a s t
Desc r ip t i on : Enable op t im i za t i on s that might break some compi l e r s .
De fau l t : Fa l se

35

Flag SSE4
Desc r ip t i on : Enable op t im i za t i on s f o r SSE4 CPUs .
Defau l t : Fa l se

40 Executable mandulia
Build−depends : base >= 4 && < 5 , array , byte s t r ing , conta ine r s , ⤦

Ç d i r e c to ry , f i l e p a t h , time , GLUT >= 2 . 2 , hs lua >= 0.2
Build− t o o l s : hsc2hs
Extens ions : Fore i gnFunct i on In te r f a ce
i f ! f l a g ( f a s t ) && impl ( ghc )

45 GHC−opt ions : −Wall −threaded
GHC−prof −opt ions : −Wall −threaded −pro f −auto− a l l
CC−opt ions : −std=c99 −Wall −pedant ic

i f f l a g ( f a s t ) && f l a g (SSE4) && impl ( ghc )
GHC−opt ions : −Wall −O3 −threaded − f v i a −c −funbox− s t r i c t − f i e l d s −optc⤦

Ç −O3 −optc−march=nat ive −optc− f f a s t −math −optc−msse4
50 GHC−prof −opt ions : −Wall −O3 −threaded − f v i a −c −funbox− s t r i c t − f i e l d s −optc⤦

Ç −O3 −optc−march=nat ive −optc− f f a s t −math −optc−msse4 −pro f −auto− a l l
CC−opt ions : −std=c99 −Wall −pedant ic −O3 −march=nat ive − f f a s t −math ⤦

Ç −msse4
i f f l a g ( f a s t ) && ! f l a g (SSE4) && impl ( ghc )

GHC−opt ions : −Wall −O3 −threaded − f v i a −c −funbox− s t r i c t − f i e l d s −optc⤦
Ç −O3 −optc−march=nat ive −optc− f f a s t −math

GHC−prof −opt ions : −Wall −O3 −threaded − f v i a −c −funbox− s t r i c t − f i e l d s −optc⤦
Ç −O3 −optc−march=nat ive −optc− f f a s t −math −pro f −auto− a l l

55 CC−opt ions : −std=c99 −Wall −pedant ic −O3 −march=nat ive − f f a s t −math
HS−source −d i r s : s r c
Main− i s : Mandulia . hs
Other−modules : AmmannA3

Bounds
60 Image

I n t e r f a c e
JobQueue
J u l i a
Mandulia

65 Prior i tyCache
ResourcePool
Snapshot
Sort
StatsLogger

70 TextureCache
U t i l s
Vector

C− s ou r c e s : s r c / r j u l i a . c
s r c / r t s . c

75 s r c / qso r t . c
Inc lude −d i r s : s r c
Inc lude s : r j u l i a . h

q so r t . h

80 Source− r e p o s i t o r y head
type : g i t
l o c a t i o n : http :// code . mathr . co . uk/mandulia . g i t
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Source− r e p o s i t o r y t h i s
85 type : g i t

l o c a t i o n : http :// code . mathr . co . uk/mandulia . g i t
tag : v0 . 7 . 0 . 1

15 NEWS

v0 . 7 2010−08−14 smooth−as

Visua l q u a l i t y improvements in c lude reduced j i t t e r ( at the co s t o f
a d d i t i o n a l l a t ency o f one frame ) and smoother co l ou r g radat i ons .

5 P o r t a b i l i t y improvements in c lude d i s ab l ed opt im i za t i on s by de fau l t ,
add − f f a s t or − f f a s t −fSSE4 to re −enable them . Feature enhancements
in c lude a c c e s s o f runtime s t a t i s t i c s from Lua s c r i p t s ( f o r example :
mandulia . s t a t i s t i c s . frame . stddev ) .

10 Source code s t a t i s t i c s : 2097 l i n e s , 10174 words , 59218 chars .

v0 . 6 2010−07−25 facepalm

The prev ious v e r s i o n had a bug wherein the program help text was out
15 o f sync with the implementation , l e ad ing to mass con fus i on and such .

This v e r s i on f i x e s that bug .

Source code s t a t i s t i c s : 2071 l i n e s , 10047 words , 58373 chars .

20 v0 . 5 2010−07−25 neon in O(1) space

This v e r s i on runs in asymptotic constant space . Ae s the t i c s tweaks
g ive more c o l o u r f u l ’ neon ’ output , and the randomized a t t r a c t mode
p i ck s more i n t e r e s t i n g p l a c e s to exp lo r e .

25

Source code s t a t i s t i c s : 2072 l i n e s , 10050 words , 58399 chars .

v0 . 4 2010−07−12 j o i n i n g the caba l

30 This ve r s i on i s i n s t a l l a b l e with ’ cabal − i n s t a l l ’ . Documentation has
been improved , many bugs have been f ixed , and new f e a t u r e s have been
added , i n c l u d i n g :

∗ f u l l s c r e en mode
35 ∗ argument pas s ing to c o n f i g u r a t i o n s c r i p t s

∗ a search he i ra r chy f o r c o n f i g u r a t i o n s c r i p t s
∗ a separa te namespace in the s c r i p t i n g API

Source code s t a t i s t i c s : 1948 l i n e s , 9626 words , 55247 chars .
40

v0 . 3 2010−07−12 s c r i p t i n g i n t e r f a c e

This v e r s i on f e a t u r e s the new f e a t u r e o f e x t e r n a l c o n f i g u r a t i o n
s c r i p t s in Lua . The s c r i p t s can c o n f i g u r e i n i t i a l s e t t i n g s as we l l

45 as prov ide f o r i n t e r a c t i o n ( v ia keyboard ) and animation , and more
core f e a t u r e s w i l l be exposed to the s c r i p t i n g i n t e r f a c e as v e r s i o n s
p rog r e s s .

Source code s t a t i s t i c s : 1954 l i n e s , 9774 words , 56087 chars .
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50

v0 . 2 2010−07−10 opt imized and improved

This v e r s i on f e a t u r e s g r e a t l y improved speed thanks to hours o f
c a r e f u l p r o f i l i n g , a long with a e s t h e t i c enhancements and runtime

55 s t a t i s t i c s l ogg ing . Some bugs were f ixed , and video r e co rd ing i s
pre sent ( though d i s ab l ed by d e f a u l t ) .

v0 . 1 2010−07−06 f i r s t working v e r s i o n

60 Mandulia prov ide s a zooming v i s u a l i s a t i o n o f the Mandelbrot Set as
many J u l i a Set s . This f i r s t ver s ion , whi l e working mostly as
intended , has too many hard−coded c o n f i g u r a t i o n s and some code
u g l i n e s s .

65 v0 . 0 2010−07−02 i n i t i a l commit

Pro j e c t s t a r t e d .

16 README

Mandulia
========

Mandelbrot/ J u l i a s e t e x p l o r e r .
5

Invocat ion
−−−−−−−−−−

10 Multi−core CPU with l o t s o f RAM recommended :

mandulia c o n f i g u r a t i o n

Current ly the re i s one p r e s e t c o n f i g u r a t i o n s a v a i l a b l e :
15 ’ main ’ −− keyboard nav igat i on with randomized a t t r a c t mode .

To render v ideos ( s ee below ) :

mandulia c o n f i g u r a t i o n |
20 ppmtoy4m −S444 −F25 : 1 |

f fmpeg2theora −v 8 − f yuv4mpegpipe −o mandulia . ogv −

Contro l s
25 −−−−−−−−

’ main ’ d e f i n e s the f o l l o w i n g key b ind ings :

Escape −− qu i t
30 F11 −− t o g g l e f u l l s c r e en

a −− ente r a t t r a c t mode immediately
r −− record f o r 10 minutes ( assuming 25 fp s )
s −− record f o r 1 frame ( aka s c r e en sho t )

35 Note that r e co rd ing i s v ia PPM images on ’ stdout ’ , so to avoid f l o o d i n g
your te rmina l with binary data be sure to r e d i r e c t i t somewhere e l s e .
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As a s ide − e f f e c t , the f o l l o w i n g count as ’ a c t i v i t y ’ :

40 PageUp −− zoom in
PageDown −− zoom out
c u r s o r s −− move around
End −− stop moving
Home −− re turn to base

45 [ ] −− change speed
# −− r e s e t speed
{ } −− change weight
˜ −− r e s e t weight

50 Attract mode i s entered a f t e r 1 minute ( assuming 25 fp s ) o f i n a c t i v i t y ,
and l e f t on any a c t i v i t y .

Other c o n f i g u r a t i o n s may d i f f e r , check t h e i r s ou r c e s f o r d e t a i l s .

55

S c r i p t i n g
−−−−−−−−−

Mandulia can be r e c o n f i g u r e d without recompi la t ion , us ing Lua s c r i p t s .
60 The f i r s t ( non RTS) argument to ’ mandulia ’ w i l l be executed on s tar tup .

F i r s t i t w i l l t ry to load i t as a f i l e , then v ia Lua ’ s ’ r e q u i r e ( ) ’ .
See ’ d e f a u l t s . lua ’ to s ee the a v a i l a b l e i n t e r f a c e , and ’ main . lua ’ f o r an
example o f keyboard nav igat i on . Note that some v a r i a b l e s only take
e f f e c t on startup , and l a t e r mod i f i c a t i on w i l l be ignored .

17 sdist.sh

#!/ bin /bash
(

echo ”ChangeLog exported from Git by ${USER}@${HOSTNAME} at $ ( date −− i s o=s ) ”
g i t l og −−pre t ty=tformat :”%d˜ %h %a i %s ” |

5 sed ” s |ˆ ( | \ n ( | ” |
sed ” s | ) ˜ | ) \n\n ˜ |” |
sed ” s |ˆ˜ | | ” |
sed ” s | ; | \n | g”
echo ””

10 echo ” ( eo f ) ”
) > ChangeLog
caba l s d i s t

18 Setup.hs

import D i s t r i b u t i o n . Simple
main = defaultMain

19 src/AmmannA3.hs

{−
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

module AmmannA3 (AmmannA3( ) , ammannA3, T i l e ( . . ) , Ti le ’ ( . . ) , t i l e s , zoom , zoomTo ,⤦
Ç s t ep In ) where

20

import Data . Maybe ( fromMaybe )
import Data . Tree

import Bounds
25 import U t i l s

import Vector

data T i l e = A | B | C
d e r i v i n g (Show , Read , Eq , Ord , Enum, Bounded )

30

bounds0 : : T i l e −> Bounds
bounds0 x = bounds0 ’ ! ! fromEnum x

bounds0 ’ : : [ Bounds ]
35 bounds0 ’ = [ sbound 1 phi ’ −− A

, sbound 2 1 −− B
, sbound 1 1 −− C
]

40 sbound : : R −> R −> Bounds
sbound w h =

bounds [ V x y 1 | x <− [ negate w, w] , y <− [ negate h , h ] ]

t rans forms : : [ ( Ti le , [ ( Ti le , (M, I n t e g e r ) ) ] ) ]
45 t rans forms =

[ (A, [ (B, ( t ( 0) (p ∗ n/2 − f /2) 0 ⤦
Ç , 1) )

, (A, ( t (−1) ( f /2 − p ∗ e /2) 0 ⤦
Ç , 2) ) ] )

, (B, [ (A, ( t ( 1) (p ∗ e /2 − n/2) (p ∗ f /2 − k/2 − m/2) ⤦
Ç , 3) )

, (C, ( t ( 2) (p ∗ ( a + x/2 + v /2) − n/2) (p ∗ ( s /2 + u/2) − k/2 − m⤦
Ç /2) , 4) )

50 , (A, ( t (−1) (p ∗ ( a + v − c + e /2) − n/2) ( k/2 + m/2 − p ∗ f⤦
Ç /2) , 5) )

, (A, ( t ( 0) (n/2 − p ∗ f /2) (p ∗ e /2 − k/2 − m⤦
Ç /2) , 6) ) ] )

, (C, [ (C, ( t ( 2) (p ∗ ( x/2 + v /2) − x/2 − v /2) (p ∗ ( s /2 + u/2) − s /2 − u⤦
Ç /2) , 7) )

, (A, ( t (−1) (p ∗ ( v − c + e /2) − x/2 − v /2) ( s /2 + u/2 − p ∗ f /2) ⤦
Ç , 8) )
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, (A, ( t ( 0) ( x/2 + v/2 − p ∗ f /2) (p ∗ e /2 − s /2 − u⤦
Ç /2) , 9) ) ] )

55 ]
where

t da dx dy = t r a n s l a t e ( dx∗2) ( dy∗2) ˆˆ∗ˆˆ r o t a t e ( da ∗ pi / 2) ˆˆ∗ˆˆ s c a l e ⤦
Ç p p

p = phi ’
a = p ∗ p

60 c = p ∗ p ∗ p
e = p
f = 1
k = p
m = p ∗ p

65 n = (1 − p ∗ p ∗ p) / p
s = p
u = p ∗ p
v = p ∗ p ∗ p + p
x = p ∗ p ∗ p ∗ p

70

centerC : : V
centerC =

l e t Just t s = lookup C trans forms
Just ( t , ) = lookup C t s

75 ps = i t e r a t e ( t ˆˆ∗ˆ) (V 0 0 1)
in ps ! ! 256

inRadiusC : : R
inRadiusC =

80 l e t cornerC = V (1/2 − phi ’ ) (1/2 − phi ’ ∗ phi ’ ) 1
in cornerC ˆ | − |ˆ centerC

data Ti le ’ ’ =
Ti le ’ ’

85 { t t T i l e : : ! T i l e
, t t I d : : ! I n t e g e r
, ttTransform : : !M
}

90 b u i l d e r : : Ti le ’ ’ −> ( Ti le ’ ’ , [ Ti le ’ ’ ] )
b u i l d e r tm = tm ‘ seq ‘ (tm , map mkTile ( mine trans forms ) )

where
mine = concatMap snd . f i l t e r ((==) ( t t T i l e tm) . f s t )
mkTile (x , (mm, j ) ) =

95 Tile ’ ’
{ t t T i l e = x
, t t I d = 10 ∗ t t I d tm + j
, ttTransform = ttTransform tm ˆˆ∗ˆˆ mm
}

100

data Ti le ’ =
Ti le ’

{ t T i l e : : ! T i l e
, tBounds : : ! Bounds

105 , tCenter : : !V
, tDepth : : ! Int
, tLeve l : : ! Int
, t Id : : ! I n t e g e r
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}
110

t r e e : : R −> Tree Ti le ’
t r e e maxRadius =

l e t s = maxRadius / inRadiusC
V x y = centerC

115 t r = s c a l e s s ˆˆ∗ˆˆ t r a n s l a t e (−x ) (−y )
t0 = Ti le ’ ’{ t t T i l e = C, t t I d = 7 , ttTransform = t r }

in t o T i l e s ( Just (V 0 0 1) ) C 0 ( tree ’ t0 )

t ree ’ : : Ti le ’ ’ −> Tree Ti le ’ ’
120 t ree ’ t = unfo ldTree b u i l d e r t

tB : : M −> Ti l e −> Bounds
tB m t = m ‘ transform ’ ‘ bounds0 t

125 t o T i l e s : : Maybe V −> Ti l e −> Int −> Tree Ti le ’ ’ −> Tree Ti le ’
t o T i l e s v0 t0 l e v e l t r =

l e t Ti le ’ ’{ t t T i l e = t , t t I d = n , ttTransform = m } = rootLabe l t r
t s = subForest t r
v1 = fromMaybe ( cente rPo int m) v0

130 v2 = i f t0 == C && t == C then v0 e l s e Nothing
b1 = tB m t
nn = normal i ze Id n
t i l e =

Ti le ’
135 { t T i l e = t

, tBounds = b1
, tCenter = v1
, tDepth = idToLevel ’ nn
, tLeve l = l e v e l

140 , t Id = nn
}

l e v e l ’ = l e v e l + 1
f o r e s t = l e v e l ’ ‘ seq ‘ map ( t o T i l e s v2 t l e v e l ’ ) t s

in t i l e ‘ seq ‘ Node{ rootLabe l = t i l e , subForest = f o r e s t }
145

cente rPo int : : M −> V
cente rPo int = (ˆˆ∗ˆ centerC )

data LevelA3 =
150 LevelA3

{ l I n n e r T i l e s : : Forest Ti le ’
, lOut e rT i l e s : : Forest Ti le ’
, lBounds : : Bounds
}

155

data AmmannA3 =
AmmannA3

{ aOuter : : [ LevelA3 ]
, aFocus : : LevelA3

160 , aBounds : : Bounds
, aRadius : : R
}

ammannA3 : : Bounds −> AmmannA3
165 ammannA3 box =
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l e t r = diagona l box / 2
( i s , os , ) = t r i P a r t box [ t r e e r ]
l = LevelA3{ l I n n e r T i l e s = i s , lOut e rT i l e s = os , lBounds = box }

in AmmannA3{ aOuter = [ l ] , aFocus = l , aBounds = box , aRadius = r }
170

t r i P a r t : : Bounds −> [ Tree Ti le ’ ] −> ( [ Tree Ti le ’ ] , [ Tree Ti le ’ ] , [ Tree Ti le ’ ] )
t r i P a r t box = f o l d r go ( [ ] , [ ] , [ ] )

where
go t ( i s , es , os )

175 | b ‘ ins ideOrEqual ‘ box = ( t : i s , es , os )
| b ‘ outs ide ‘ box = ( i s , es , t : os )
| otherw i s e = ( i s , t : es , os )
where b = tBounds . rootLabe l $ t

180 zoomTo : : Bounds −> AmmannA3 −> Maybe AmmannA3
zoomTo box a3

| box ‘ ins ideOrEqual ‘ r eg i on =
( i f f a c t o r >= phi ’

then Just
185 e l s e zoomTo box . (\ a −> a{ aRadius = phi ’ ∗ aRadius a }) . s t ep In ) $

l e t f o cu s = aFocus a3
ot s = prune box ( lOute rT i l e s f o cus )
( i t s , ots ’ , ) = t r i P a r t box ( l I n n e r T i l e s f o cus )

in a3{ aFocus = focus { lOut e rT i l e s = ots ’ ++ ots
190 , l I n n e r T i l e s = i t s

, lBounds = box
} }

| otherwi s e = zoomTo box =<< stepOut a3{ aRadius = phi ∗ aRadius a3 }
where

195 f a c t o r = rad iu s / aRadius a3
rad iu s = diagona l box / 2
reg i on = lBounds . aFocus $ a3

zoom : : R −> AmmannA3 −> Maybe AmmannA3
200 zoom f a c t o r a3 = f l i p zoomTo a3 . expand f a c t o r . lBounds . aFocus $ a3

prune : : Bounds −> Forest Ti le ’ −> Forest Ti le ’
prune box = f i l t e r ( not . ou t s id e box . tBounds . rootLabe l )

205 stepOut : : AmmannA3 −> Maybe AmmannA3
stepOut a3 =

case aOuter a3 o f
[ ] −> Nothing
os@ [ l ] −> Just a3{ aOuter = os , aFocus = l , aRadius = aRadius a3 ∗ phi ’ }

210 ( l : os ) −> Just a3{ aOuter = os , aFocus = l }

s t ep In : : AmmannA3 −> AmmannA3
stepIn a3 =

l e t l 0 = aFocus a3
215 os = l 0 : aOuter a3

box = lBounds l 0
i t s = concatMap subForest . l I n n e r T i l e s $ l 0
( i t s ’ , ots , ) = t r i P a r t box . concatMap subForest . lOut e rT i l e s $ l 0
l = l 0 { l I n n e r T i l e s = i t s ’ ++ i t s , lOut e rT i l e s = ot s }

220 in a3{ aOuter = os , aFocus = l }

t i l e s : : Int −> AmmannA3 −> [ Ti le ’ ]

37



mandulia src/Bounds.hs

t i l e s lod = map rootLabe l . (\ l −> lOut e rT i l e s l ++ l I n n e r T i l e s l ) . aFocus . ⤦
Ç ( ! ! lod ) . i t e r a t e s t ep In

225 normal i ze Id : : I n t e g e r −> I n t e g e r −− C=>C i s trans form 7
normal i ze Id n = l e t (d , m) = n ‘ divMod ‘ 10 in i f m == 7 then normal i ze Id d e l s e ⤦

Ç n

idToLevel ’ : : I n t e g e r −> Int −− n must be normal ized
idToLevel ’ n = snd . head . dropWhile ((<n) . f s t ) $ tens

230

tens : : [ ( Integer , Int ) ]
t ens = i t e r a t e (10∗ ) 1 ‘ z ip ‘ [ 0 . . ]

20 src/Bounds.hs

{−
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

module Bounds (
20 Bounds ( ) , bounds , corners , center ,

bottomLeft , bottomRight , topLeft , topRight ,
l e f t , r i ght , above , below ,
le f tOrEqual , r ightOrEqual , aboveOrEqual , belowOrEqual ,
outs ide , i n s i d e , ins ideOrEqual , over lap ,

25 transform , transform ’ , expand , diagonal ,
i n to

) where

import Data . L i s t ( f o l d l ’ )
30

import Vector

data Bounds = Bounds{ bottomLeft : : !V, topRight : : !V }
d e r i v i n g (Show , Read , Eq , Ord)

35

topLe f t : : Bounds −> V
topLe f t box =

l e t V x = bottomLeft box
V y = topRight box

40 in V x y 1

bottomRight : : Bounds −> V
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bottomRight box =
l e t V x = topRight box

45 V y = bottomLeft box
in V x y 1

bounds : : [V] −> Bounds
bounds [ ] = e r r o r ”Bounds . bounds [ ] ”

50 bounds (V u v : vs ) =
l e t f ( a , b , c , d ) (V x y ) = (min a x , max b x , min c y , max d y )

( x0 , x1 , y0 , y1 ) = f o l d l ’ f (u , u , v , v ) vs
in Bounds{ bottomLeft = V x0 y0 1 , topRight = V x1 y1 1 }

55 co rne r s : : Bounds −> [V]
co rne r s box =

map ( $ box ) [ topLeft , topRight , bottomLeft , bottomRight ]

c en te r : : Bounds −> V
60 cente r box = ( bottomLeft box ˆ+ˆ topRight box ) ˆ/ 2

expand : : R −> Bounds −> Bounds
expand z box =

l e t c = cente r box
65 t v = ( ( v ˆ−ˆ c ) ˆ∗ z ) ˆ+ˆ c

in bounds . map ( t . ( $ box ) ) $ [ bottomLeft , topRight ]

l e f t : : V −> V −> Bool
l e f t (V u ) (V x ) = u < x

70

r i g h t : : V −> V −> Bool
r i g h t (V u ) (V x ) = u > x

above : : V −> V −> Bool
75 above (V v ) (V y ) = v > y

below : : V −> V −> Bool
below (V v ) (V y ) = v < y

80 l e f tOrEqua l : : V −> V −> Bool
l e f tOrEqua l (V u ) (V x ) = u <= x

rightOrEqual : : V −> V −> Bool
r ightOrEqual (V u ) (V x ) = u >= x

85

aboveOrEqual : : V −> V −> Bool
aboveOrEqual (V v ) (V y ) = v >= y

belowOrEqual : : V −> V −> Bool
90 belowOrEqual (V v ) (V y ) = v <= y

out s id e : : Bounds −> Bounds −> Bool
ou t s i d e box reg i on =

bottomLeft box ‘ above ‘ topRight r eg i on | |
95 bottomLeft box ‘ r i ght ‘ topRight r eg i on | |

topRight box ‘ below ‘ bottomLeft r eg i on | |
topRight box ‘ l e f t ‘ bottomLeft r eg i on

i n s i d e : : Bounds −> Bounds −> Bool
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100 i n s i d e box reg i on =
bottomLeft box ‘ above ‘ bottomLeft r eg i on &&
bottomLeft box ‘ r i ght ‘ bottomLeft r eg i on &&
topRight box ‘ below ‘ topRight r eg i on &&
topRight box ‘ l e f t ‘ topRight r eg i on

105

ins ideOrEqual : : Bounds −> Bounds −> Bool
ins ideOrEqual box reg i on =

bottomLeft box ‘ aboveOrEqual ‘ bottomLeft r eg i on &&
bottomLeft box ‘ rightOrEqual ‘ bottomLeft r eg i on &&

110 topRight box ‘ belowOrEqual ‘ topRight r eg i on &&
topRight box ‘ le f tOrEqual ‘ topRight r eg i on

over lap : : Bounds −> Bounds −> Bool
over lap box reg i on =

115 not ( box ‘ i n s i d e ‘ r eg i on | | box ‘ outs ide ‘ r eg i on )

trans form : : M −> Bounds −> Bounds
trans form m = bounds . map (m ˆˆ∗ˆ) . co rne r s

120 −− transform ’ p r e cond i t i on : m’ s r o t a t i o n i s a mu l t ip l e o f p i /2
transform ’ : : M −> Bounds −> Bounds
transform ’ m bs = bounds [ m ˆˆ∗ˆ bottomLeft bs , m ˆˆ∗ˆ topRight bs ]

d iagona l : : Bounds −> R
125 d iagona l box = topRight box ˆ | − |ˆ bottomLeft box

in to : : Bounds −> Bounds −> M
into box reg i on =

l e t V x0 y0 = cente r box
130 V x1 y1 = cente r r eg i on

s = diagona l r eg i on / d iagona l box
in t r a n s l a t e x1 y1 ˆˆ∗ˆˆ s c a l e s s ˆˆ∗ˆˆ t r a n s l a t e (−x0 ) (−y0 )

21 src/Image.hs

{−
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

module Image ( Image ( ) , iWidth , iHeight , iChannels , iBu f f e r , image , upload ) where
20

import Fore ign . Ptr ( Ptr ( ) )

40
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import Fore ign . Marshal . A l loc ( mal locBytes )

import Graphics . UI .GLUT
25

data Image =
Image

{ iWidth : : Int
, iHe ight : : Int

30 , iChannels : : Int
, i B u f f e r : : Ptr ( )
}

image : : Int −> Int −> Int −> IO Image
35 image w h c

| w > 0 && h > 0 && c > 0 = do
b <− mallocBytes $ w ∗ h ∗ c
re turn Image{ iWidth = w, iHe ight = h , iChannels = c , i B u f f e r = b }

| otherw i s e = e r r o r $ ”Image . image : ” ++ show [w, h , c ]
40

upload : : Image −> IO TextureObject
upload i

| iChannels i == 4 = do
[ tex ] <− genObjectNames 1

45 t ex ture Texture2D $= Enabled
textureBind ing Texture2D $= Just tex
build2DMipmaps Texture2D RGBA’ ( f r omInteg ra l $ iWidth i ) ( f r omInteg ra l $ ⤦

Ç iHe ight i ) ( PixelData RGBA UnsignedByte ( i B u f f e r i ) )
t e x t u r e F i l t e r Texture2D $= ( ( Linear ’ , Just Linear ’ ) , Linear ’ )
textureWrapMode Texture2D S $= ( Repeated , ClampToEdge)

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

| otherw i s e = e r r o r $ ”Image . upload : ” ++ show ( iChannels i )

22 src/Interface.hs

{−
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

module I n t e r f a c e ( I n t e r f a c e ( . . ) , i n t e r f a c e , c l o s e I n t e r f a c e , reshape , render , ⤦
Ç keyboard , a t e x i t ) where
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20

import Control . Exception ( try , IOException )
import Control . Monad ( forM , l i f tM3 )
import Data . IORef
import System . Fi lePath ((</>) , replaceFi leName )

25 import System . Di rec to ry ( getAppUserDataDirectory )

import S c r i p t i n g . Lua ( LuaState )
import q u a l i f i e d S c r i p t i n g . Lua as Lua

30 import Paths mandulia ( getDataFileName )

−− i n t e r f a c e

data I n t e r f a c e =
35 I n t e r f a c e

{ iLua : : ! LuaState −− i n i t i a l i z e d in i n t e r f a c e
, iQui t : : ! Bool −− can only be s e t by Lua ’ quit ’
−− the se are a l l updated from Lua g l o b a l s in Haske l l ’ update ’
, iRecord : : ! Bool

40 , iWidth : : ! Int
, iHe ight : : ! Int
, iFPS : : ! Double
, i F u l l S c r e e n : : ! Bool
, i D e t a i l : : ! Double

45 , i D i s p l a y S i z e : : ! Double
, i J u l i a S i z e : : ! Int
, i Jobs : : ! Int
, i Images : : ! Int
, iTextures : : ! Int

50 , iWorkers : : ! Int
, iView : : ! ( Double , Double , Double )
−− the se are updated from the Haske l l s ide , s e t in Lua in ’ update ’
, i S t a t i s t i c s : : ! [ ( Str ing , ( Double , Double , Double ) ) ]
}

55

−− con s t ruc to r

i n t e r f a c e : : Fi lePath −> [ S t r ing ] −> IO (Maybe ( IORef I n t e r f a c e ) )
i n t e r f a c e f args = do

60 l <− Lua . newstate
iR <− newIORef I n t e r f a c e

{ iLua = l
, iQui t = False
, iRecord = False

65 , iWidth = 1920
, iHe ight = 1080
, i F u l l S c r e e n = False
, iFPS = 25
, i D e t a i l = 11

70 , i D i s p l a y S i z e = 96
, i J u l i a S i z e = 256
, iJobs = 1024
, i Images = 512
, iTextures = 2048

75 , iWorkers = 2
, iView = (0 , 0 , 0)
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, i S t a t i s t i c s = [ ]
}

Lua . open l i b s l
80 path <− getDataFileName ”? . lua ”

appp <− getAppUserDataDirectory ”mandulia”
paths <− do

Lua . g e t g l o b a l 2 l ” package . path”
r <− Lua . peek l (−1)

85 Lua . pop l 1
re turn r

l e t paths ’ = ( ” . ” </> ”? . lua ”) ++ ” ;” ++ −− cur rent d i r
( appp </> ”? . lua ”) ++ ” ;” ++ −− user d i r
path ++ −− caba l d i r

90 maybe ”” ( ” ; ” ++) paths −− p r e s e t
setPath p = do

Lua . g e t g l o b a l l ” package ”
Lua . pushs t r ing l ”path”
Lua . pushs t r ing l p

95 Lua . s e t t a b l e l (−3)
Lua . pop l 1

setPath paths ’
Lua . newtable l
Lua . pushs t r ing l ” qu i t ”

100 Lua . pushhs funct ion l ( qu i t iR )
Lua . s e t t a b l e l (−3)
Lua . pushs t r ing l ” args ”
Lua . newtable l
forM ( [ ( 1 : : Int ) . . ] ‘ z ip ‘ a rgs ) $ \( i , a ) −> do

105 Lua . push l i
Lua . push l a
Lua . s e t t a b l e l (−3)

Lua . s e t t a b l e l (−3)
Lua . s e t g l o b a l l ”mandulia”

110 r1 <− ( t ry $ do
r <− Lua . l o a d f i l e l f
i f r /= 0 then return r e l s e do

l e t r e l = replaceFi leName f ”? . lua ” −− r e l a t i v e d i r
setPath $ r e l ++ ” ;” ++ paths ’

115 Lua . p c a l l l 0 0 0) : : IO ( Ei ther IOException Int )
r2 <− i f r1 == Right 0 then return r1 e l s e do

<− Lua . c a l l p r o c l ” r e q u i r e ” f
re turn $ Right 0

i f r2 == Right 0 then update iR >> re turn ( Just iR ) e l s e Lua . c l o s e l >> re turn⤦
Ç Nothing

120

−− d e s t r u c t o r

c l o s e I n t e r f a c e : : IORef I n t e r f a c e −> IO ( )
c l o s e I n t e r f a c e iR = do

125 l <− iLua ‘ fmap ‘ readIORef iR
Lua . c l o s e l

−− update from Lua

130 update : : IORef I n t e r f a c e −> IO ( )
update iR = do

l <− iLua ‘ fmap ‘ readIORef iR
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−− copy s t a t i s t i c s from Haske l l to Lua
Lua . g e t g l o b a l l ”mandulia”

135 Lua . push l ” s t a t i s t i c s ”
Lua . newtable l
i S t a t i s t i c s ‘ fmap ‘ readIORef iR >>= (mapM $ \( s , ( a , b , c ) ) −> do

Lua . push l s
Lua . newtable l

140 forM ( words ” count mean stddev ” ‘ z ip ‘ [ a , b , c ] ) $ \(n , x ) −> do
Lua . push l n
Lua . push l x
Lua . s e t t a b l e l (−3)

Lua . s e t t a b l e l (−3) )
145 Lua . s e t t a b l e l (−3)

Lua . pop l 1 −− pop mandulia g l o b a l
−− copy s e t t i n g s from Lua to Haske l l
l e t g s = do

Lua . g e t g l o b a l 2 l (” mandulia . ” ++ s )
150 r <− Lua . peek l (−1)

Lua . pop l 1
re turn r

record <− g ” record ”
width <− g ”width”

155 he ight <− g ” he ight ”
fp s <− g ” fp s ”
f u l l <− g ” f u l l s c r e e n ”
d e t a i l <− g ” d e t a i l ”
d i s p l a y s i z e <− g ” d i s p l a y s i z e ”

160 j u l i a s i z e <− g ” j u l i a s i z e ”
jobs <− g ” jobs ”
images <− g ” images ”
t e x t u r e s <− g ” t e x t u r e s ”
workers <− g ” workers ”

165 viewX <− g ”view . x”
viewY <− g ”view . y”
viewZ <− g ”view . z”
modifyIORef ’ iR $ \ i −>

l e t f k v = case v o f
170 Nothing −> k i

Just x −> x
in i { iRecord = f iRecord record

, iWidth = f iWidth width
, iHe ight = f iHe ight he ight

175 , iFPS = f iFPS fp s
, i F u l l S c r e e n = f i F u l l S c r e e n f u l l
, i D e t a i l = f i D e t a i l d e t a i l
, i D i s p l a y S i z e = f i D i s p l a y S i z e d i s p l a y s i z e
, i J u l i a S i z e = f i J u l i a S i z e j u l i a s i z e

180 , i Jobs = f iJobs jobs
, i Images = f i Images images
, iTextures = f iTextures t e x t u r e s
, iWorkers = f iWorkers workers
, iView = case l i f tM3 ( , , ) viewX viewY viewZ o f

185 Just v −> v
−> iView i

}

−− c a l l b a c k s from Lua
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190

qu i t : : IORef I n t e r f a c e −> IO ( )
qu i t iR = modifyIORef ’ iR $ \ i −> i { iQui t = True }

−− c a l l b a c k s in to Lua
195

reshape : : IORef I n t e r f a c e −> Int −> Int −> IO ( )
reshape iR w h = do

l <− iLua ‘ fmap ‘ readIORef iR
<− Lua . c a l l p r o c l ”mandulia . reshape ” w h

200 update iR

render : : IORef I n t e r f a c e −> IO ( )
render iR = do

l <− iLua ‘ fmap ‘ readIORef iR
205 <− Lua . c a l l p r o c l ”mandulia . render ”

update iR

keyboard : : IORef I n t e r f a c e −> St r ing −> IO ( )
keyboard iR s = do

210 l <− iLua ‘ fmap ‘ readIORef iR
<− Lua . c a l l p r o c l ”mandulia . keyboard ” s

update iR

a t e x i t : : IORef I n t e r f a c e −> IO ( )
215 a t e x i t iR = do

l <− iLua ‘ fmap ‘ readIORef iR
<− Lua . c a l l p r o c l ”mandulia . a t e x i t ”

update iR

23 src/JobQueue.hs

{−
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

module JobQueue ( JobQueue ( ) , jobQueue , getJob , putJob , withJob , completed , ⤦
Ç r e p r i o r i t i s e ) where

20

import Control . Concurrent .MVar
import Data . L i s t ( d e l e t e )
import Data . Maybe ( maybeToList )
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25 type JobQueue j = MVar ( JobQueue ’ j )

data JobQueue ’ j =
JobQueue ’

{ qDone : : [ j ]
30 , qPending : : [ j ]

, qTodo : : [ j ]
, qNext : : MVar j
}

35 jobQueue : : IO ( JobQueue j )
jobQueue = do

nj <− newEmptyMVar
newMVar JobQueue ’{ qDone = [ ] , qPending = [ ] , qTodo = [ ] , qNext = nj }

40 getJob : : JobQueue j −> IO j
getJob s = do

q <− takeMVar s
next <− tryTakeMVar $ qNext q
case next o f

45 Nothing −>
case qTodo q o f

[ ] −> do
putMVar s q
j <− takeMVar $ qNext q

50 modifyMVar s $ \q ’ −> re turn q ’{ qPending = j : qPending q ’ }
re turn j

( j : j s ) −> do
putMVar s q{ qTodo = j s }
putMVar ( qNext q ) j

55 j ’ <− takeMVar $ qNext q
modifyMVar s $ \q ’ −> re turn q ’{ qPending = j ’ : qPending q ’ }
re turn j ’

Just j −> do
putMVar s q{ qPending = j : qPending q }

60 re turn j

putJob : : Eq j => JobQueue j −> j −> IO ( )
putJob s j = do

q <− takeMVar s
65 putMVar s q{ qDone = j : qDone q , qPending = d e l e t e j ( qPending q ) }

withJob : : Eq j => JobQueue j −> ( j −> IO j ) −> IO ( )
withJob s ac t i on = putJob s =<< ac t i on =<< getJob s

70 completed : : JobQueue j −> IO [ j ]
completed s = do

q <− takeMVar s
l e t j s = qDone q
putMVar s q{ qDone = [ ] }

75 re turn j s

r e p r i o r i t i s e : : Eq j => JobQueue j −> ( [ j ] −> [ j ] ) −> IO ( )
r e p r i o r i t i s e s f = do

q <− takeMVar s
80 j 0 <− tryTakeMVar $ qNext q

l e t j obs = f i l t e r ( ‘ notElem ‘ qDone q ++ qPending q ) ( f ( maybeToList j 0 ++ ⤦
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Ç qTodo q ) )
case jobs o f

[ ] −> do
putMVar s q{ qTodo = [ ] }

85 ( j : j s ) −> do
putMVar ( qNext q ) j
putMVar s q{ qTodo = j s }

24 src/Julia.hs

{−# LANGUAGE Fore i gnFunct i on In te r f a ce #−}
{−
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

5

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

10

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

15

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

20 module J u l i a ( J u l i a ( . . ) , score , Ju l iaJob ( . . ) , ju l iaWorker ) where

import Control . Monad ( f o r e v e r )
import Fore ign . Ptr ( Ptr )
import Fore ign .C. Types

25

import Graphics . UI .GLUT

import Image
import JobQueue

30 import ResourcePool
import StatsLogger ( time , Logger )
import U t i l s

data J u l i a =
35 J u l i a

{ j I d : : I n t e g e r
, j L e v e l : : Int
, jCX : : Double
, jCY : : Double

40 }
d e r i v i n g (Show , Read)

in s t ance Eq J u l i a where
j == k = j I d j == j I d k

45

i n s t ance Ord J u l i a where
j ‘ compare ‘ k = j I d j ‘ compare ‘ j I d k
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s c o r e : : Double −> Double −> Double −> J u l i a −> Double
50 s c o r e l e v e l cx cy j =

l e t dcx = cx − jCX j
dcy = cy − jCY j
r2 = dcx ∗ dcx + dcy ∗ dcy
d l = f romInteg ra l ( j L e v e l j ) − l e v e l

55 in s q r t r2 ∗ phi ∗∗ dl
−− s ee a l s o : Poincar é ha l f −plane d i s t anc e metr ic
−− 2 ∗ atanh ( magnitude ( z1 − z2 ) / magnitude ( z1 − conjugate z2 ) )
−− http :// en . w ik iped ia . org / wik i / Poincar%C3%A9 metric
−− #Metr i c and vo lume e lement on the Po incar . C3 . A9 plane

60

data Ju l iaJob =
Jul iaJob

{ jCoords : : J u l i a
, jDoneAction : : Maybe ( Ei ther ( Ju l ia , TextureObject ) ( Ju l i a , ( IO ⤦

Ç TextureObject , IO ( ) ) ) )
65 }

i n s t ance Eq Jul iaJob where
j == k = jCoords j == jCoords k

70 f o r e i g n import c c a l l s a f e ” r j u l i a . h j u l i a n e w ”
c ju l iaNew : : CInt −> CInt −> IO ( Ptr ( ) )

{−
f o r e i g n import c c a l l s a f e ” r j u l i a . h j u l i a d e l e t e ”

75 c j u l i a D e l e t e : : Ptr ( ) −> IO ( )
−}

f o r e i g n import c c a l l s a f e ” r j u l i a . h j u l i a ”
c j u l i a : : Ptr ( ) −> Ptr ( ) −> CDouble −> CDouble −> IO ( )

80

ju l iaWorker : : Logger −> Int −> Int −> ResourcePool Image −> JobQueue Ju l iaJob ⤦
Ç −> IO ( )

ju l iaWorker l o g S t a t s w h i s j s = do
c <− c ju l iaNew ( f r omInteg ra l w) ( f r omInteg ra l h)
f o r e v e r $ do

85 i <− acqu i r e i s
withJob j s $ \ j −> do

(dtC , ( ) ) <− time $ c j u l i a c ( i B u f f e r i ) ( realToFrac . jCX . jCoords $ j ) ⤦
Ç ( realToFrac . jCY . jCoords $ j )

l o g S t a t s ”compute” dtC
return j

90 { jDoneAction = Just . Right $ ( jCoords j ,
( do

t <− upload i
r e l e a s e i s i
r e turn t

95 , r e l e a s e i s i
) )

}

25 src/Mandulia.hs

{−
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Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

module Main ( main ) where
20

import Control . Concurrent ( ThreadId ( ) , forkIO , k i l lThread )
import Control . Monad ( repl icateM , when)
import Data . E i ther ( p a r t i t i o n E i t h e r s )
import Data . IORef

25 import Data . Maybe ( isNothing , catMaybes )
import Data . Time (UTCTime, getCurrentTime , diffUTCTime )
import Data . Vers ion ( showVersion )
import System . Environment ( getArgs )
import System . Exit ( e x i t F a i l u r e , e x i t S u c c e s s )

30 import System . IO ( hPutStr , s tde r r , s tdout )

import Graphics . UI .GLUT hid ing ( s ca l e , t r a n s l a t e , f u l l S c r e e n )
import q u a l i f i e d Graphics . UI .GLUT as G
import Unsafe . Coerce ( unsafeCoerce )

35

import Paths mandulia ( v e r s i on )

import AmmannA3
import Bounds

40 import Image
import I n t e r f a c e ( I n t e r f a c e ( . . ) , i n t e r f a c e , c l o s e I n t e r f a c e )
import q u a l i f i e d I n t e r f a c e as I
import JobQueue
import J u l i a

45 import ResourcePool
import Snapshot
import Sort
import StatsLogger
import TextureCache

50 import U t i l s
import Vector

data Mandulia =
Mandulia

55 { t i l i n g : : Maybe AmmannA3
, viewMax : : Bounds
, view : : Bounds
, width : : Int

49



mandulia src/Mandulia.hs

, he ight : : Int
60 , f u l l S c r e e n : : Bool

, oldWidth : : Int
, o ldHeight : : Int
, i f a c e : : IORef I n t e r f a c e
, workers : : [ ThreadId ]

65 , j obs : : JobQueue Ju l iaJob
, t e x t u r e s : : TextureCache
, images : : ResourcePool Image
, l o g S t a t s : : S t r ing −> Double −> IO ( )
, g e tS ta t s : : IO [ ( Str ing , ( Double , Double , Double ) ) ]

70 , frameTime : : Maybe UTCTime
}

main : : IO ( )
main = do

75 args <− getArgs
l e t ( opts , args ’ ) = span (\ o −> ”−” == take 1 o ) args
when (”−− ve r s i on ” ‘ elem ‘ opts | | ”−V” ‘ elem ‘ opts ) $ do

putStr $ u n l i n e s
[ ”mandulia ” ++ showVersion v e r s i o n

80 , ” Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>”
, ” This i s f r e e so f tware ; s ee the source f o r copying c o n d i t i o n s . There i s⤦

Ç NO”
, ” warranty ; not even f o r MERCHANTABILITY or FITNESS FOR A PARTICULAR ⤦

Ç PURPOSE. ”
]

e x i t S u c c e s s
85 when (”−−help ” ‘ elem ‘ opts | | ”−h” ‘ elem ‘ opts | | ”−?” ‘ elem ‘ opts ) $ do

putStr $ u n l i n e s
[ ”Usage : mandulia [OPTION ] . . . CONFIGURATION [ARGUMENT] . . . ”
, ””
, ”CONFIGURATION i s cons ide r ed ( in t h i s order ) : ”

90 , ” as a f i l e to load d i r e c t l y ; ”
, ” as a module to load from the cur rent d i r e c t o r y ; ”
, ” as a module to load from the user s e t t i n g s d i r e c t o r y ; ”
, ” as a module to load from the g l o b a l s e t t i n g s d i r e c t o r y . ”
, ””

95 , ” Con f i gu ra t i ons a v a i l a b l e in t h i s package may inc lude : ”
, ” main”
, ””
, ”The ARGUMENT l i s t i s supp l i ed to the s e l e c t e d c o n f i g u r a t i o n . ”
, ””

100 , ” Options : ”
, ” +RTS [OPTION ] . . −RTS opt ions f o r the run time system”
, ” ( Try ‘ mandulia +RTS −? −RTS’ f o r he lp ) ”
, ” −? , −h , −−help p r i n t t h i s he lp text ”
, ” −V, −−ve r s i on p r in t program ve r s i on ”

105 , ””
, ”Report bugs to <claude@mathr . co . uk>.”
]

e x i t S u c c e s s
when ( n u l l args ’ ) $ do

110 hPutStr s t d e r r $ u n l i n e s
[ ”No c o n f i g u r a t i o n s p e c i f i e d . ”
, ”Try ‘ mandulia −−help ’ f o r more in fo rmat ion . ”
]
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e x i t F a i l u r e
115 hPutStr s t d e r r $ u n l i n e s

[ ”mandulia (GPLv3+) 2010 Claude Heiland −Allen <claude@mathr . co . uk>”
]

mif <− i n t e r f a c e ( head args ’ ) ( t a i l args ’ )
when ( i sNoth ing mif ) $ do

120 hPutStr s t d e r r $ u n l i n e s
[ ” Conf igurat ion e r r o r . ”
]

e x i t F a i l u r e
l e t Just iR = mif

125 i <− readIORef iR
l e t j s i z e = clamp 1 1024 $ i J u l i a S i z e i −− FIXME check power o f two

imagen = 1 ‘max ‘ i Images i
texn = 1 ‘max ‘ iTextures i
workn = 1 ‘max ‘ iWorkers i

130 winW = 1 ‘max ‘ I . iWidth i
winH = 1 ‘max ‘ I . iHe ight i
f u l l = I . i F u l l S c r e e n i
mspf = 1 ‘max ‘ ( c e i l i n g $ 1000 / ( iFPS i ‘max ‘ 0 . 0 1 ) )
view0 = mkView winW winH 0 0 0

135 ( l ogStat s ’ , ge tStat s ’ ) <− s ta t sLogge r
jobq <− jobQueue
imgpool <− r e sourcePoo l ( image j s i z e j s i z e 4) imagen
l e t texcache = textureCache texn
wtids <− rep l i cateM workn

140 ( forkIO $ ju l iaWorker l ogStat s ’ j s i z e j s i z e imgpool jobq )
manduliaR <− newIORef Mandulia { t i l i n g = Nothing

, viewMax = view0
, view = view0
, width = winW

145 , he ight = winH
, f u l l S c r e e n = f u l l
, oldWidth = winW
, oldHeight = winH
, i f a c e = iR

150 , workers = wtids
, j obs = jobq
, t e x t u r e s = texcache
, images = imgpool
, l o g S t a t s = logStat s ’

155 , g e tS ta t s = getStat s ’
, frameTime = Nothing
}

i n i t i a lWindowSize $= Size ( f r omInteg ra l winW) ( f r omInteg ra l winH)
in i t i a lD i sp l ayMode $= [RGBAMode, DoubleBuffered ]

160 <− g e t A r g s A n d I n i t i a l i z e
<− createWindow ”Mandulia”

d i sp layCa l lback $= d i sp l ay manduliaR
reshapeCal lback $= Just ( reshape manduliaR )
keyboardMouseCallback $= Just ( kmouse manduliaR )

165 addTimerCallback mspf $ t imer manduliaR
mainLoop

mkView : : Int −> Int −> Double −> Double −> Double −> Bounds
mkView winW winH x y z =

170 l e t w = f romInteg ra l winW
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h = f romInteg ra l winH
ax = i f winW > winH then 1 e l s e w / h
ay = i f winW < winH then 1 e l s e h / w
r = 16 ∗ phi ’ ∗∗ z

175 x0 = x − r ∗ ax
y0 = y − r ∗ ay
x1 = x + r ∗ ax
y1 = y + r ∗ ay

in bounds [ V x0 y0 1 , V x1 y1 1 ]
180

qu i t : : IORef Mandulia −> IO ( )
qu i t mR = do

m <− readIORef mR
mapM ki l lThread ( workers m)

185 I . a t e x i t ( i f a c e m)
c l o s e I n t e r f a c e ( i f a c e m)
e x i t S u c c e s s

update : : IORef Mandulia −> IO ( J u l i a −> Double )
190 update mR = do

m0 <− readIORef mR
s <− ge tS ta t s m0
modifyIORef ’ ( i f a c e m0) (\ i −> i { i S t a t i s t i c s = s })
I . render ( i f a c e m0)

195 i <− readIORef ( i f a c e m0)
when ( iQuit i ) ( qu i t mR)
f u l l s c r e e n mR ( i F u l l S c r e e n i )

m <− readIORef mR
l e t (x , y , z ) = iView i

200 v = mkView ( width m) ( he ight m) x y z
i f v ‘ ins ideOrEqual ‘ viewMax m
then do

case zoomTo v (ammannA3 $ viewMax m) o f
t@( Just ) −> do

205 writeIORef mR m{ t i l i n g = t , view = v }
re turn $ s c o r e z x y

Nothing −> re turn $ s c o r e z x y −− FIXME should never happen?
e l s e re turn $ s c o r e z x y −− FIXME what to do when out o f range ?

210 data Quad =
Quad

{ quadX : : !R
, quadY : : !R
, quadR : : !R

215 , quadT : : ! TextureObject
}

rad iu s : : R −> R −> Int −> R
rad ius d z i = l e t x = d + z − f r omInteg ra l i

220 in clamp 0 1 $ x ∗ 4 / d −− FIXME c o n f i g u r e the 4

quads : : IORef Mandulia −> IO ( [ J u l i a ] , [ Quad ] )
quads mR = do

m <− readIORef mR
225 i <− readIORef ( i f a c e m)

l e t w = f romInteg ra l ( width m)
h = f romInteg ra l ( he ight m)
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s = i D i s p l a y S i z e i
window = bounds [ V (− s ) (− s ) 1 , V (w+s ) (h+s ) 1 ]

230 viewT = view m ‘ into ‘ window
c t i l e s = case t i l i n g m of

Just t −> f i l t e r ((==) C . t T i l e ) . t i l e s ( c e i l i n g d) $ t
Nothing −> [ ]

d = i D e t a i l i
235 ( , , z ) = iView i

rads = map ( ( s ∗) . r ad iu s d z ) [ 0 . . ]
r e turn $ p a r t i t i o n E i t h e r s

[ case mt o f
Nothing −> Le f t j

240 Just tex −> Right Quad{ quadX = x
, quadY = y
, quadR = r
, quadT = tex
}

245 | t <− c t i l e s
, l e t V cx cy = tCenter t
, l e t V x y = viewT ˆˆ∗ˆ V cx cy 1
, l e t i i = tId t
, l e t l = tDepth t

250 , l e t r = rads ! ! l
, l e t j = J u l i a { j I d = i i , j L e v e l = l , jCX = cx , jCY = cy }
, l e t mt = lookupTexture ( t e x t u r e s m) j
]

255 r 2 g l : : R −> GLdouble
r 2 g l = unsafeCoerce −− FIXME there must be a b e t t e r way . . .

drawQuad : : Quad −> IO ( )
drawQuad Quad{ quadX = x0 , quadY = y0 , quadR = s , quadT = tex } = do

260 l e t t x y = texCoord $ TexCoord2 ( x : : GLdouble ) ( y : : GLdouble )
v x y = vertex $ Vertex2 ( r 2 g l x ) ( r 2 g l y )

textureBind ing Texture2D $= Just tex
r ende rPr imi t i v e Quads $ do

c o l o r $ Color3 1 1 ( 1 : : GLdouble )
265 t 0 1 >> v ( x0 − s ) ( y0 + s )

t 0 0 >> v ( x0 − s ) ( y0 − s )
t 1 0 >> v ( x0 + s ) ( y0 − s )
t 1 1 >> v ( x0 + s ) ( y0 + s )

270 d i sp l ay0 : : IORef Mandulia −> IO ( )
d i sp l ay0 mR = do

swapBuffers
t1 <− getCurrentTime
mt0 <− frameTime ‘ fmap ‘ readIORef mR

275 modifyIORef ’ mR $ \m −> m{ frameTime = Just t1 }
case mt0 o f

Nothing −> re turn ( )
Just t0 −> do

l e t dt = realToFrac ( diffUTCTime t1 t0 )
280 readIORef mR >>= \m −> l o g S t a t s m ” frame” dt

curScore <− update mR
qs <− computeJobs mR curScore
drawQuads qs
completeJobs mR curScore
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285 record mR
repo r tEr ro r s

d i s p l ay : : IORef Mandulia −> IO ( )
d i s p l ay mR = do

290 m <− readIORef mR
( dt , ( ) ) <− time $ d i sp l ay0 mR
l o g S t a t s m ” d i s p l a y ” dt
re turn ( )

295 computeJobs : : IORef Mandulia −> ( J u l i a −> Double ) −> IO [ Quad ]
computeJobs mR curScore = do

m <− readIORef mR
i <− readIORef ( i f a c e m)
( j s , qs ) <− quads mR

300 cs <− sortIO curScore . f i l t e r ( notCached ( t e x t u r e s m) ) $ j s
l e t job j = Jul iaJob { jCoords = j , jDoneAction = Nothing }

j s ’ = map job . take ( iJobs i ) $ cs
v i s i b l e q = not ( quadX q + 2 ∗ quadR q < 0

| | f r omInteg ra l ( width m) < quadX q − 2 ∗ quadR q
305 | | quadY q + 2 ∗ quadR q < 0

| | f r omInteg ra l ( he ight m) < quadY q − 2 ∗ quadR q
) && quadR q > 0

r e p r i o r i t i s e ( j obs m) ( const j s ’ )
r e turn $ f i l t e r v i s i b l e qs

310

black : : Color4 GLclampf
black = Color4 0 0 0 1

drawQuads : : [ Quad ] −> IO ( )
315 drawQuads qs = do

c l e a r C o l o r $= black
c l e a r [ Co lorBuf f e r ]
blend $= Enabled
blendFunc $= ( SrcAlpha , OneMinusSrcAlpha )

320 t ex ture Texture2D $= Enabled
mapM drawQuad qs
textureBind ing Texture2D $= Nothing
tex ture Texture2D $= Disabled
blend $= Disabled

325

completeJobs : : IORef Mandulia −> ( J u l i a −> Double ) −> IO ( )
completeJobs mR curScore = do

m <− readIORef mR
tc <− cacheTextures curScore ( t e x t u r e s m) . catMaybes . map jDoneAction =<< ⤦

Ç completed ( jobs m)
330 writeIORef mR m{ t e x t u r e s = tc }

record : : IORef Mandulia −> IO ( )
record mR = do

m <− readIORef mR
335 i <− readIORef ( i f a c e m)

when ( iRecord i ) $ do
hSnapshot stdout ( Pos i t i on 0 0) ( S i z e ( f r omInteg ra l ( width m) ) ( f r omInteg ra l⤦

Ç ( he ight m) ) )

f u l l s c r e e n : : IORef Mandulia −> Bool −> IO ( )
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340 f u l l s c r e e n mR f s = do
m <− readIORef mR
when ( f u l l S c r e e n m /= f s ) $ do

i f f s
then do

345 writeIORef mR m{ oldWidth = width m, o ldHeight = he ight m, f u l l S c r e e n = f s⤦
Ç }

G. f u l l S c r e e n
e l s e do
writeIORef mR m{ f u l l S c r e e n = f s }
windowSize $= Size ( f r omInteg ra l $ oldWidth m) ( f r omInteg ra l $ oldHeight m⤦

Ç )
350

reshape : : IORef Mandulia −> S i z e −> IO ( )
reshape mR ( S i z e w h) = do

modifyIORef mR $ \m’ −> m’{ width = f romInteg ra l w, he ight = f romInteg ra l h }
m <− readIORef mR

355 I . reshape ( i f a c e m) ( f r omInteg ra l w) ( f r omInteg ra l h)
i <− readIORef ( i f a c e m)
l e t (x , y , z ) = iView i

s = c e i l i n g $ 2 ∗ i D i s p l a y S i z e i
modifyIORef mR $ \m’ −> m’{ view = mkView ( width m’ ) ( he ight m’ ) x y z }

360 viewport $= ( Pos i t i on (− s ) (− s ) , ( S i z e (w + 2 ∗ f r omInteg ra l s ) (h + 2 ∗ ⤦
Ç f r omInteg ra l s ) ) )

matrixMode $= Pro j e c t i on
l o a d I d e n t i t y
ortho (− f r omInteg ra l s ) ( f r omInteg ra l w + f romInteg ra l s ) (− f r omInteg ra l s ) (⤦

Ç f r omInteg ra l h + f romInteg ra l s ) (−1) 1
matrixMode $= Modelview 0

365 l o a d I d e n t i t y
postRedi sp lay Nothing

t imer : : IORef Mandulia −> IO ( )
t imer mR = do

370 m <− readIORef mR
i <− readIORef ( i f a c e m)
l e t mspf = c e i l i n g $ 1000 / ( iFPS i ‘max ‘ 0 . 0 1 )
addTimerCallback mspf $ t imer mR
postRedi sp lay Nothing

375

kmouse : : IORef Mandulia −> Key −> KeyState −> Modi f i e r s −> Pos i t i on −> IO ( )
kmouse mR ( Char ’\27 ’ ) Down m p = key mR ”Escape”
kmouse mR ( Char k ) Down m p = key mR [ k ]
kmouse mR ( Specia lKey sk ) Down m p = case show sk o f

380 ’K’ : ’ e ’ : ’ y ’ : key ’ −> key mR key ’
key ’ −> key mR key ’

kmouse r k s m p = return ( ) −− FIXME handle everyth ing

key : : IORef Mandulia −> St r ing −> IO ( )
385 key mR k = do

m <− readIORef mR
I . keyboard ( i f a c e m) k

26 src/PriorityCache.hs

{−
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
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Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

module Pr ior i tyCache ( Pr ior i tyCache ( . . ) , pr ior i tyCache , cache ) where
20

import Sort

data Pr ior i tyCache c =
Pr ior i tyCache

25 { c S i z e : : Int
, cContents : : [ c ]
}

pr io r i tyCache : : Int −> Prior i tyCache c
30 pr io r i tyCache s i z e = Pr ior i tyCache { c S i z e = s i z e , cContents = [ ] }

cache : : ( c −> Double ) −> [ c ] −> Prior i tyCache c −> IO ( Pr ior i tyCache c , [ c ] )
cache p xs c = do

cs <− sortIO p ( xs ++ cContents c )
35 l e t ( ys , z s ) = s p l i t A t ( c S i z e c ) cs

re turn ( c{ cContents = ys } , z s )

27 src/qsort.c

/∗
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

#inc lude <s t d l i b . h>
20
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#inc lude ” qso r t . h”

s t a t i c i n t scmp ( const void ∗x , const void ∗y ) {
const s t r u c t s o r t e e ∗ sx = x ;

25 const s t r u c t s o r t e e ∗ sy = y ;
double kx = sx−>key ;
double ky = sy−>key ;
i f ( kx < ky ) re turn −1;
i f ( kx > ky ) re turn 1 ;

30 re turn 0 ;
}

void s o r t ( s t r u c t s o r t e e ∗p , i n t n) {
qso r t (p , n , s i z e o f ( s t r u c t s o r t e e ) , scmp ) ;

35 }

28 src/qsort.h

/∗
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

#i f n d e f SORT H
20 #d e f i n e SORT H 1

s t r u c t s o r t e e {
double key ;
i n t va lue ;

25 } ;

void s o r t ( s t r u c t s o r t e e ∗p , i n t n) ;

#e n d i f

29 src/ResourcePool.hs

{−
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

module ResourcePool ( ResourcePool ( ) , resourcePoo l , acquire , r e l e a s e , withResource⤦
Ç ) where

20

import Control . Concurrent .MVar
import Data . Maybe ( maybeToList )

type ResourcePool r = MVar ( ResourcePool ’ r )
25

data ResourcePool ’ r =
ResourcePool ’

{ rA l l o c : : IO r
, rBound : : Int

30 , rCount : : Int
, rResources : : [ r ]
, rNext : : MVar r
}

35 r e sourcePoo l : : IO r −> Int −> IO ( ResourcePool r )
r e sourcePoo l a l l o c bound = do

nr <− newEmptyMVar
newMVar ResourcePool ’

{ rA l l o c = a l l o c
40 , rBound = bound

, rCount = 0
, rResources = [ ]
, rNext = nr
}

45

acqu i r e : : ResourcePool r −> IO r
acqu i r e p = do

r <− takeMVar p
next <− tryTakeMVar $ rNext r

50 case next o f
Nothing −>

case rResources r o f
[ ] −> i f rCount r < rBound r

then do
55 nr <− rA l l o c r

putMVar p r { rCount = rCount r + 1 }
re turn nr

e l s e do
putMVar p r

60 takeMVar $ rNext r
( nr : r s ) −> do

putMVar p r { rResources = r s }

58



mandulia src/rjulia.c

re turn nr
Just nr −> do

65 putMVar p r
re turn nr

r e l e a s e : : ResourcePool r −> r −> IO ( )
r e l e a s e p x = do

70 r <− takeMVar p
r0 <− tryTakeMVar $ rNext r
l e t r s = maybeToList r0 ++ rResources r
putMVar p r { rResources = r s }
putMVar ( rNext r ) x

75

withResource : : ResourcePool r −> ( r −> IO b) −> IO b
withResource p ac t i on = do

r <− acqu i r e p
b <− ac t i on r

80 r e l e a s e p r
re turn b

30 src/rjulia.c

/∗
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

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

#inc lude ” r j u l i a . h”

#i f n d e f PRECISION
25 #d e f i n e PRECISION 1

#e n d i f

#i f PRECISION == 1
typede f f l o a t R;

30 #d e f i n e cos c o s f
#d e f i n e s q r t s q r t f
#d e f i n e l og l o g f
#d e f i n e log2 l o g 2 f
#d e f i n e fmin fminf

35 #d e f i n e fmax fmaxf
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#d e f i n e SCAN ”%f ”
#e l s e
typede f double R;
#d e f i n e SCAN ”% l f ”

40 #e n d i f

s t a t i c const i n t channe l s = 4 ;
s t a t i c const R escapeRadius = 65536 . 0 ;
s t a t i c const R escapeRadius2 = 65536.0 ∗ 65536 . 0 ;

45 s t a t i c const i n t escapeLimit = 64 ;

s t a t i c const R sqr t5 = 2.23606797749979 ;
s t a t i c const R sqr t6 = 2.449489742783178 ;
s t a t i c const R sqr t7 = 2.6457513110645907 ;

50

s t r u c t po int {
unsigned char ∗ p i x e l ;
R x ;
R y ;

55 } ;

s t r u c t context {
s t r u c t po int ∗ po in t s ;
i n t width ;

60 i n t he ight ;
} ;

s t r u c t context ∗ j u l i a n e w ( i n t width , i n t he ight ) {
i f ( width > 0 && he ight > 0) {

65 s t r u c t context ∗ ctx = c a l l o c (1 , s i z e o f ( s t r u c t context ) ) ;
i f ( ctx ) {

ctx−>po in t s = c a l l o c ( width ∗ height , s i z e o f ( s t r u c t po int ) ) ;
i f ( ctx−>po in t s ) {

ctx−>width = width ;
70 ctx−>he ight = he ight ;

r e turn ctx ;
}
f r e e ( ctx ) ;

}
75 }

re turn 0 ;
}

/∗
80 void j u l i a d e l e t e ( s t r u c t context ∗ ctx ) {

i f ( ctx ) {
i f ( ctx−>po in t s ) {

f r e e ( ctx−>po in t s ) ;
}

85 f r e e ( ctx ) ;
}

}
∗/

90 s t a t i c i n l i n e i n t min ( i n t x , i n t y ) {
re turn x < y ? x : y ;

}

60
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s t a t i c i n l i n e i n t max( i n t x , i n t y ) {
95 re turn x > y ? x : y ;

}

s t a t i c i n l i n e void co l our (R v , unsigned char ∗ r , unsigned char ∗g , unsigned char⤦
Ç ∗b) {

i n t r r = 128 ∗ cos ( sq r t5 ∗ v ) + 128 ;
100 i n t gg = 128 ∗ cos ( sq r t6 ∗ v ) + 128 ;

i n t bb = 128 ∗ cos ( sq r t7 ∗ v ) + 128 ;
∗ r = min (max( rr , 0) , 255) ;
∗g = min (max( gg , 0) , 255) ;
∗b = min (max(bb , 0) , 255) ;

105 }

s t a t i c i n l i n e double mandelbrot1 ( double x , double y ) {
R px = 0 , py = 0 , cx = x , cy = y , px1 , py1 , px2 , py2 , pxy , d2 ;
f o r ( i n t i = 0 ; i < 16384 ; ++i ) {

110 // p n+1 := p n ∗ p n + c
// d n+1 := 2 ∗ p n ∗ d n + 1
px2 = px ∗ px ;
py2 = py ∗ py ;
d2 = px2 + py2 ;

115 i f ( d2 > escapeRadius2 ) {
re turn i − l og2 ( log2 ( d2 ) / log2 ( escapeRadius2 ) ) ;

}
pxy = px ∗ py ;
px1 = px2 − py2 + cx ;

120 py1 = 2 ∗ pxy + cy ;
px = px1 ;
py = py1 ;

}
re turn −1;

125 }

void j u l i a ( s t r u c t context ∗ ctx , unsigned char ∗ image , double dcx , double dcy ) {
i f ( ! ctx | | ! image ) {

re turn ;
130 }

s t r u c t po int ∗ po in t s = ctx−>po in t s ;
const i n t width = ctx−>width ;
const i n t he ight = ctx−>he ight ;
const i n t s t r i d e = width ∗ channe l s ;

135 const R cx = dcx ;
const R cy = dcy ;
const R k = 4 ;
const R hw = he ight ∗ k / width ;
const R wh = width ∗ k / he ight ;

140 const R sx = width < he ight ? k : wh ;
const R sy = width < he ight ? hw : k ;
const i n t n t o t a l = width ∗ he ight ;
i n t npo ints ;
{ // i n i t i a l i z e

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

R y = j ∗ sy / he ight − sy /2 ;

61



mandulia src/rjulia.c

f o r ( i n t i = 0 ; i < width ; ++i ) {
150 R x = i ∗ sx / width − sx /2 ;

p−>p i x e l = image + j ∗ s t r i d e + i ∗ channe l s ;
p−>x = x ;
p−>y = y ;
p−>p i x e l [ 0 ] = 0 ;

155 p−>p i x e l [ 1 ] = 0 ;
p−>p i x e l [ 2 ] = 0 ;
p−>p i x e l [ 3 ] = 255 ;
++p ;

}
160 }

}
i n t ndone = 0 ;
i n t n = 0 ;
i n t e scapes ;

165 R u = mandelbrot1 ( dcx , dcy ) ;
u = u > 0 ? 8 ∗ l og2 (u) : 0 ;
do {

e scapes = 0 ;
{ // i t e r a t e

170 s t r u c t po int ∗p = po in t s ;
f o r ( i n t k = 0 ; k < npo ints ; ++k ) {

R x = p−>x ;
R y = p−>y ;
i n t ok = 1 ;

175 f o r ( i n t e = 0 ; ok && ( e < escapeLimit ) ; ++e ) {
R zx2 = x ∗ x − y ∗ y ;
R zy2 = 2 ∗ x ∗ y ;
R zx = zx2 + cx ;
R zy = zy2 + cy ;

180 R zd2 = zx ∗ zx + zy ∗ zy ;
i f ( zd2 >= escapeRadius2 ) {

R d = s q r t ( zd2 ) ;
// c o l o u r i f y p i x e l
unsigned char ∗ p i x e l = p−>p i x e l ;

185 R v = (n+e ) − l og2 ( log2 (d) / log2 ( escapeRadius ) ) ;
v /= 32 ;
co l ou r (u + v , &p i x e l [ 0 ] , &p i x e l [ 1 ] , &p i x e l [ 2 ] ) ;
R a = fmin ( fmax (8 ∗ ( v − 0 . 1 ) ∗ v , 0) , 1) ;
p i x e l [ 3 ] = a ∗ 255 ;

190 p−>p i x e l = 0 ;
++escapes ;
ok = 0 ;

} e l s e {
x = zx ;

195 y = zy ;
}

}
p−>x = x ;
p−>y = y ;

200 ++p ;
}
n += escapeLimit ;

}
{ // compact memory

205 s t r u c t po int ∗ s r c = po in t s ;

62



mandulia src/rjulia.h

s t r u c t po int ∗ dst = po in t s ;
i n t ncopied = 0 ;
f o r ( i n t k = 0 ; k < npo ints ; ++k ) {

i f ( ! ( src −>p i x e l ) ) {
210 ++s r c ;

++ndone ;
} e l s e {

unsigned char ∗ p i x e l = src −>p i x e l ;
R x = src −>x ;

215 R y = src −>y ;
dst−>p i x e l = p i x e l ;
dst−>x = x ;
dst−>y = y ;
++s r c ;

220 ++dst ;
++ncopied ;

}
}
npo ints = ncopied ;

225 }
} whi le ( e scapes ) ;

}

31 src/rjulia.h

/∗
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

#i f n d e f RJULIA H
20 #d e f i n e RJULIA H 1

s t r u c t context ;

s t r u c t context ∗ j u l i a n e w ( i n t width , i n t he ight ) ;
25 /∗

void j u l i a d e l e t e ( s t r u c t context ∗ ctx ) ;
∗/
void j u l i a ( s t r u c t context ∗ ctx , unsigned char ∗ image , double dcx , double dcy ) ;

30 #e n d i f
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32 src/rts.c

/∗
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

char ∗ g h c r t s o p t s = ”−M50M” ; /∗ we can run in constant space ∗/

33 src/Snapshot.hs

{−
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

module Snapshot ( hSnapshot , writeSnapshot , snapshotWith ) where
20

import Control . Monad( forM )
import System . IO( Handle ( ) )
import Graphics . UI .GLUT(

readPixe l s ,
25 Pos i t ion ,

S i z e ( S i z e ) ,
PixelData ( PixelData ) ,
PixelFormat (RGB) ,
DataType ( UnsignedByte ) )

30 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 n a l as BSI
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import q u a l i f i e d Data . ByteStr ing as BS

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

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

40 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 −>

BSI . memcpy
(d ‘ plusPtr ‘ f i ( y∗vw∗3) )

45 ( ptr ‘ plusPtr ‘ f i ( ( vh−1−y ) ∗vw∗3) )
( f i (vw∗3) )

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

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

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

34 src/Sort.hsc

{−# LANGUAGE Fore i gnFunct i on In te r f a ce #−}
{−
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

5

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

10

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

15

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

20 module Sort where

import Data . Array ( array , ( ! ) )
import Fore ign . S to rab l e
import Fore ign . Ptr ( Ptr , cas tPtr )

25 import Fore ign .C. Types ( CInt ( . . ) , CDouble ( . . ) )
import Fore ign . Marshal . Array ( withArray , peekArray )
import Unsafe . Coerce ( unsafeCoerce )

#inc lude ” qso r t . h”
30

f o r e i g n import c c a l l s a f e ” q so r t . h s o r t ” c s o r t : : Ptr ( ) −> CInt −> IO ( )

data Sortee = Sortee { sKey : : ! Double , sValue : : ! Int }
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35 i n s t ance Sto rab l e Sor tee where
s i z eO f = (# s i z e s t r u c t s o r t e e )
al ignment = al ignment ( e r r o r ” al ignment ” : : CInt )
peek ptr = do

key <− (#peek s t r u c t so r t ee , key ) ptr : : IO CDouble
40 value <− (#peek s t r u c t so r t ee , va lue ) ptr : : IO CInt

re turn Sortee { sKey = unsafeCoerce key , sValue = f romInteg ra l va lue }
poke ptr ( Sor tee { sKey = key , sValue = value }) = do

(#poke s t r u c t so r t ee , key ) ptr ( unsafeCoerce key : : CDouble )
(#poke s t r u c t so r t ee , va lue ) ptr ( f r omInteg ra l va lue : : CInt )

45

sortIO : : ( a −> Double ) −> [ a ] −> IO [ a ]
sortIO p xs = do −− re turn ( sortOn p xs )

l e t n = length xs
i s = [ 0 . . n − 1 ]

50 ps = map p xs
a = array (0 , n − 1) ( z ip i s xs )
s s = zipWith Sortee ps i s

ss ’ <− withArray s s $ \ptr −> do
c s o r t ( cas tPtr ptr ) ( f r omInteg ra l n )

55 peekArray n ptr
l e t i s ’ = map sValue ss ’
r e turn $ map ( a ! ) i s ’

35 src/StatsLogger.hs

{−
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

module StatsLogger ( s tatsLogger , Logger , S t a t i s t i c s , time ) where
20

import Prelude h id ing (map)
import Data .Map ( empty , insertWith ’ , map , toAscLi s t )
import Control . Concurrent .MVar (newMVar , modifyMVar , readMVar )
import Data . Time ( getCurrentTime , diffUTCTime )

25

type Logger = St r ing −> Double −> IO ( )
type S t a t i s t i c s = IO [ ( Str ing , ( Double , Double , Double ) ) ]

data Stat s =
30 Stat s
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{ count : : ! Double
, sumX : : ! Double
, sumXX : : ! Double
}

35

s t a t : : Double −> Stat s
s t a t x = Stat s { count = 1 , sumX = x , sumXX = x ∗ x }

combine : : S ta t s −> Stat s −> Stat s
40 combine s t =

Stat s
{ count = count s + count t
, sumX = sumX s + sumX t
, sumXX = sumXX s + sumXX t

45 }

s t a t s : : S ta t s −> ( Double , Double , Double )
s t a t s s =

l e t mean = sumX s / count s
50 mean2 = sumXX s / count s

stddev = s q r t $ mean2 − mean ∗ mean
in ( count s , mean , stddev )

s ta t sLogge r : : IO ( Logger , S t a t i s t i c s )
55 s ta t sLogge r = do

v <− newMVar empty
l e t l o g S t a t s name value = modifyMVar v $ \m −> re turn $ ! ( insertWith ’ combine⤦

Ç name ( s t a t va lue ) $ ! m)
ge tS ta t s = readMVar v >>= return . toAscLi s t . map s t a t s

re turn ( l ogStat s , g e tS ta t s )
60

time : : IO a −> IO ( Double , a )
time x = do

t0 <− getCurrentTime
r <− x

65 t1 <− getCurrentTime
return ( realToFrac ( diffUTCTime t1 t0 ) , r )

36 src/TextureCache.hs

{−
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

67



mandulia src/Utils.hs

module TextureCache ( TextureCache ( ) , textureCache , lookupTexture , notCached , ⤦
Ç cacheTextures ) where

20

import Prelude h id ing ( lookup )
import Control . Monad ( forM , forM )
import Data .Map (Map, empty , lookup , fromList , union , d i f f e r e n c e , notMember )
import Data . E i ther ( p a r t i t i o n E i t h e r s )

25

import Graphics . UI .GLUT ( TextureObject ( ) , deleteObjectNames )

import J u l i a
import Pr ior i tyCache

30

type Cachee = Either ( Ju l ia , TextureObject ) ( Ju l i a , ( IO TextureObject , IO ( ) ) )

data TextureCache =
TextureCache

35 { tcCache : : Pr ior i tyCache Cachee
, tcMap : : Map J u l i a TextureObject
}

textureCache : : Int −> TextureCache
40 textureCache s i z e = TextureCache{ tcCache = pr io r i tyCache s i z e , tcMap = empty }

lookupTexture : : TextureCache −> J u l i a −> Maybe TextureObject
lookupTexture tc j = j ‘ lookup ‘ tcMap tc

45 notCached : : TextureCache −> J u l i a −> Bool
notCached tc j = j ‘ notMember ‘ tcMap tc

cacheTextures : : ( J u l i a −> Double ) −> TextureCache −> [ Cachee ] −> IO ⤦

Ç TextureCache
cacheTextures j s c o r e tc news = do

50 ( pc , o ld s ) <− cache ( e i t h e r ( j s c o r e . f s t ) ( j s c o r e . f s t ) ) news ( tcCache tc⤦
Ç )

l e t ( texs , toups ) = p a r t i t i o n E i t h e r s ( cContents pc )
( de l s , noups ) = p a r t i t i o n E i t h e r s o ld s

deleteObjectNames (map snd d e l s )
forM noups $ \( j , ( up , no ) ) −> no

55 upped <− forM toups $ \( j , (up , no ) ) −> do
t <− up
return ( j , t )

r e turn tc
{ tcCache = pc{ cContents = map Le f t ( upped ++ texs ) }

60 , tcMap = ( tcMap tc ‘ d i f f e r e n c e ‘ f romList d e l s ) ‘ union ‘ f romList upped
}

37 src/Utils.hs

{−
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

module U t i l s ( phi , phi ’ , clamp , modifyIORef ’ ) where
20

import Data . IORef ( IORef ( ) , readIORef , writeIORef )

phi : : Double
phi = ( s q r t 5 + 1) / 2

25

phi ’ : : Double
phi ’ = ( s q r t 5 − 1) / 2

clamp : : Ord r => r −> r −> r −> r
30 clamp mi ma x = ma ‘min ‘ x ‘max ‘ mi

modifyIORef ’ : : IORef a −> ( a −> a ) −> IO ( )
modifyIORef ’ r m = readIORef r >>= \v −> writeIORef r $ ! m v

38 src/Vector.hs

{−
Mandulia −− Mandelbrot/ J u l i a e x p l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>

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

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

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

module Vector
20 ( R

, V( . . )
, M( . . )
, (ˆ∗ )
, (ˆ/)

25 , (ˆ+ˆ)
, (ˆ−ˆ)
, ( ˆ | − |ˆ )
, (ˆˆ∗ˆ)
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, (ˆˆ∗ˆˆ)
30 , t r a n s l a t e

, s c a l e
, r o t a t e
) where

35 type R = Double
data V = V !R !R !R d e r i v i n g (Show , Read , Eq , Ord)
data M = M !V !V !V d e r i v i n g (Show , Read , Eq , Ord)

t r a n s l a t e : : R −> R −> M
40 t r a n s l a t e x y = M (V 1 0 x ) (V 0 1 y ) (V 0 0 1)

s c a l e : : R −> R −> M
s c a l e x y = M (V x 0 0) (V 0 y 0) (V 0 0 1)

45 r o t a t e : : R −> M
r o t a t e a = M (V c s 0) (V (− s ) c 0) (V 0 0 1)

where
s = s i n a
c = cos a

50

(ˆ∗ ) : : V −> R −> V
(V a b c ) ˆ∗ x = V ( a∗x ) (b∗x ) ( c∗x )

(ˆ/) : : V −> R −> V
55 (V a b c ) ˆ/ x = V ( a/x ) (b/x ) ( c/x )

(ˆ+ˆ) : : V −> V −> V
(V a b c ) ˆ+ˆ (V x y z ) = V ( a+x ) (b+y ) ( c+z )

60 (ˆ−ˆ) : : V −> V −> V
(V a b c ) ˆ−ˆ (V x y z ) = V ( a−x ) (b−y ) ( c−z )

dot : : V −> V −> R
(V a b c ) ‘ dot ‘ (V x y z ) = a∗x + b∗y + c∗z

65

(ˆˆ∗ˆ) : : M −> V −> V
(M (V a b c ) (V d e f ) (V g h i ) ) ˆˆ∗ˆ (V r u x ) =

V ( a ∗ r + b ∗ u + c ∗ x )
(d ∗ r + e ∗ u + f ∗ x )

70 ( g ∗ r + h ∗ u + i ∗ x )

(ˆˆ∗ˆˆ) : : M −> M −> M
(M (V a b c ) (V d e f ) (V g h i ) ) ˆˆ∗ˆˆ (M (V r s t ) (V u v w) (V x y z ) ) =

M (V ( a ∗ r + b ∗ u + c ∗ x ) ( a ∗ s + b ∗ v + c ∗ y ) ( a ∗ t + b ∗ w + c ∗ z ) )
75 (V (d ∗ r + e ∗ u + f ∗ x ) (d ∗ s + e ∗ v + f ∗ y ) (d ∗ t + e ∗ w + f ∗ z ) )

(V ( g ∗ r + h ∗ u + i ∗ x ) ( g ∗ s + h ∗ v + i ∗ y ) ( g ∗ t + h ∗ w + i ∗ z ) )

( ˆ | − |ˆ ) : : V −> V −> R
u ˆ | − |ˆ v = l e t d = u ˆ−ˆ v in s q r t $ d ‘ dot ‘ d

39 TODO

TODO
====
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mandulia TODO

Bugs To Fix
5 −−−−−−−−−−−

Problem : running out o f bugs to f i x .

10 Features To Enhance
−−−−−−−−−−−−−−−−−−−

Feature : s c r i p t i n t e r f a c e should inc lude l e v e l to rad iu s fad ing .
Feature : s c r i p t i n t e r f a c e should inc lude view v a l i d i t y t e s t i n g .

15 Feature : s c r i p t i n t e r f a c e should inc lude more complete input handl ing .
Feature : ’ t r a n s i t i o n . lua ’ should work without ’ dt ’ depending on ’ z ’ .
Feature : l a r g e t i l e d t ex ture might be more e f f i c i e n t when drawing .

20 Other Known I s s u e s
−−−−−−−−−−−−−−−−−−

Problem : s c r i p t e r r o r s terminate ’ mandulia ’ abrupt ly .
Cause : l a ck o f e r r o r check ing in ’ I n t e r f a c e . hs ’ .

25 So lu t i on : don ’ t wr i t e buggy s c r i p t s .

Problem : r ea l −time operat i on l a g s J u l i a r ender ing at rap id movements .
Cause : Your system i s too SLOW to play t h i s !
So lu t i on : get a f a s t e r computer .

30

Problem : r e co rd ing enabled l e ad s to h igher q u a l i t y .
Cause : main thread b locks on image output , J u l i a r ende re r threads don ’ t .
So lu t i on : use another worker thread f o r image output ( but HQ r e c s are n i c e ) .

35 Problem : s c r i p t s p r i n t i n g to ’ stdout ’ co r rupt s r e c o r d i n g s .
Cause : r e c o r d i n g s go to ’ stdout ’ , which expect s nothing but r e c o r d i n g s .
So lu t i on : somehow r e d i r e c t a l l Lua ’ stdout ’ to ’ s tde r r ’ .

Problem : s c r i p t ’ s ’ render ( ) ’ doesn ’ t get c a l l e d when the window i s hidden .
40 Cause : that ’ s exac t l y the way GLUT i s supposed to behave .

So lu t i on : switch to a l e s s smel ly UI l i b r a r y to wrap OpenGL . SDL?

Problem : ’ ext ra / ’ in g i t r e p o s i t o r y conta in s unre la t ed code .
Cause : ppmtoy4m was a video encoding bott l eneck , needed speed ing up .

45 So lu t i on : move that code to a d i f f e r e n t r e p o s i t o r y .

Problem : very o c c a s i o n a l g l i b c r e a l l o c ( ) c ra she s .
Cause : p o s s i b l y an nVidia d r i v e r i s s u e ?
So lu t i on : unknown . seems sporad i c and random .

50 Cause : p o s s i b l y a Lua stack over f l ow ?
So lu t i on : f i x e d in eb8a82052c7f50a64bd23d19278757a649f23f9c
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