
gruff-examples

Claude Heiland-Allen

2011–2016



Contents

1 .gitignore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2 gruff-examples.cabal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
3 LICENSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
4 Setup.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
5 src/Convert/Common.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
6 src/Convert/Gruff1.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
7 src/Convert/Gruff2a.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
8 src/Convert/Gruff2.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
9 src/Convert/Gruff.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
10 src/gruff-convert.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
11 src/gruff-fives.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
12 src/gruff-labels.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
13 src/gruff-octopus.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
14 src/gruff-patterns.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
15 src/gruff-randoms.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
16 src/gruff-raytrace.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
17 src/gruff-whn.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
18 src/gruff-zoom.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
19 src/Number.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

1 .gitignore

d i s t

2 gruff-examples.cabal

Name : g ru f f −examples
Vers ion : 0 . 4
Synops is : Mandelbrot Set examples us ing r u f f and g r u f f
Des c r ip t i on :

5 Some example s c r i p t s , i n c l ud ing a conve r t e r from old v e r s i on s o f g r u f f
f i l e formats to the cur rent f i l e format .

L i cense : GPL−2
License − f i l e : LICENSE

10 Author : Claude Heiland −Allen
Maintainer : claude@mathr . co . uk
Category : Graphics

Build−type : Simple
15 Cabal−ve r s i on : >=1.6
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Flag mpfr
d e s c r i p t i o n : use ’ hmpfr ’ f o r h igher p r e c i s i o n f l o a t i n g po int
d e f au l t : Fa l se

20

Executable g ru f f −convert
Hs−source −d i r s : s r c
Main− i s : g ru f f −convert . hs
Other−modules : Convert .Common

25 Convert . Gruf f
Convert . Gruf f1
Convert . Gruff2a
Convert . Gruf f2

Build−depends : base >= 4 && < 5 ,
30 f i l e p a t h ,

r u f f >= 0.4 && < 0 . 5 ,
g r u f f >= 0.4 && < 0 .5

GHC−opt ions : −Wall −threaded − r t s op t s

35 Executable g ru f f − l a b e l s
Hs−source −d i r s : s r c
Main− i s : g ru f f − l a b e l s . hs
Build−depends : base >= 4 && < 5 ,

conta ine r s ,
40 g r u f f >= 0.4 && < 0 . 5 ,

r u f f >= 0.4 && < 0 .5
GHC−opt ions : −Wall −threaded − r t s op t s

Executable g ru f f −octopus
45 Hs−source −d i r s : s r c

Main− i s : g ru f f −octopus . hs
Other−modules : Number
Build−depends : base >= 4 && < 5 ,

g r u f f >= 0.4 && < 0 . 5 ,
50 r u f f >= 0.4 && < 0 . 5 ,

qd >= 1 && < 2 ,
qd−vec >= 1 && < 2 ,
Vec >= 1 && < 2

i f ( f l a g (mpfr ) )
55 Build−depends : hmpfr >= 0 . 3 . 2 && < 0 .4

CPP−opt ions : −DHAVEMPFR
CC−opt ions : −DHAVEMPFR

GHC−opt ions : −Wall −threaded − r t s op t s

60 Executable g ru f f − f i v e s
Hs−source −d i r s : s r c
Main− i s : g ru f f − f i v e s . hs
Other−modules : Number
Build−depends : base >= 4 && < 5 ,

65 g r u f f >= 0.4 && < 0 . 5 ,
r u f f >= 0.4 && < 0 . 5 ,
qd >= 1 && < 2 ,
qd−vec >= 1 && < 2 ,
Vec >= 1 && < 2

70 i f ( f l a g (mpfr ) )
Build−depends : hmpfr >= 0 . 3 . 2 && < 0 .4
CPP−opt ions : −DHAVEMPFR
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CC−opt ions : −DHAVEMPFR
GHC−opt ions : −Wall −threaded − r t s op t s

75

Executable g ru f f −pat t e rns
Hs−source −d i r s : s r c
Main− i s : g ru f f −pat t e rns . hs
Other−modules : Number

80 Build−depends : base >= 4 && < 5 ,
g r u f f >= 0.4 && < 0 . 5 ,
r u f f >= 0.4 && < 0 . 5 ,
qd >= 1 && < 2 ,
qd−vec >= 1 && < 2 ,

85 Vec >= 1 && < 2
i f ( f l a g (mpfr ) )

Build−depends : hmpfr >= 0 . 3 . 2 && < 0 .4
CPP−opt ions : −DHAVEMPFR
CC−opt ions : −DHAVEMPFR

90 GHC−opt ions : −Wall −threaded − r t s op t s

Executable g ru f f −randoms
Hs−source −d i r s : s r c
Main− i s : g ru f f −randoms . hs

95 Other−modules : Number
Build−depends : base >= 4 && < 5 ,

g r u f f >= 0.4 && < 0 . 5 ,
r u f f >= 0.4 && < 0 . 5 ,
qd >= 1 && < 2 ,

100 qd−vec >= 1 && < 2 ,
Vec >= 1 && < 2 ,
random >= 1.0 && < 1 .1

i f ( f l a g (mpfr ) )
Build−depends : hmpfr >= 0 . 3 . 2 && < 0 .4

105 CPP−opt ions : −DHAVEMPFR
CC−opt ions : −DHAVEMPFR

GHC−opt ions : −Wall −threaded − r t s op t s

Executable g ru f f −whn
110 Hs−source −d i r s : s r c

Main− i s : g ru f f −whn . hs
Other−modules : Number
Build−depends : base >= 4 && < 5 ,

g r u f f >= 0.4 && < 0 . 5 ,
115 r u f f >= 0.4 && < 0 . 5 ,

qd >= 1 && < 2 ,
qd−vec >= 1 && < 2 ,
Vec >= 1 && < 2 ,
data−memocombinators >= 0.4 && < 0 .5

120 i f ( f l a g (mpfr ) )
Build−depends : hmpfr >= 0 . 3 . 2 && < 0 .4
CPP−opt ions : −DHAVEMPFR
CC−opt ions : −DHAVEMPFR

GHC−opt ions : −Wall −threaded − r t s op t s
125

Executable g ru f f −zoom
Hs−source −d i r s : s r c
Main− i s : g ru f f −zoom . hs
Build−depends : base >= 4 && < 5 ,
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130 g r u f f >= 0.4 && < 0 .5
GHC−opt ions : −Wall −threaded − r t s op t s

source − r e po s i t o r y head
135 type : g i t

l o c a t i o n : http :// code . mathr . co . uk/ g ru f f −examples . g i t

source − r e po s i t o r y t h i s
type : g i t

140 l o c a t i o n : http :// code . mathr . co . uk/ g ru f f −examples . g i t
tag : v0 . 4

3 LICENSE

GNU GENERAL PUBLIC LICENSE
Vers ion 2 , June 1991

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

Everyone i s permitted to copy and d i s t r i b u t e verbatim cop i e s
o f t h i s l i c e n s e document , but changing i t i s not a l lowed .

Preamble
10

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

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

20

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

25 i f you want i t , that you can change the so f tware or use p i e c e s o f i t
in new f r e e programs ; and that you know you can do these th ing s .

To pro t e c t your r i gh t s , we need to make r e s t r i c t i o n s that f o rb i d
anyone to deny you these r i g h t s or to ask you to sur render the r i g h t s .

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

For example , i f you d i s t r i b u t e cop i e s o f such a program , whether
g r a t i s or f o r a fee , you must g ive the r e c i p i e n t s a l l the r i g h t s that

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

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

d i s t r i b u t e and/ or modify the so f tware .
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Also , f o r each author ’ s p r o t e c t i on and ours , we want to make c e r t a i n
that everyone understands that the re i s no warranty f o r t h i s f r e e

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

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

55

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

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

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

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

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

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

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

1 . You may copy and d i s t r i b u t e verbatim cop i e s o f the Program ’ s
80 source code as you r e c e i v e i t , in any medium , provided that you

consp i cuous ly and approp r i a t e l y pub l i sh on each copy an appropr ia t e
copyr ight no t i c e and d i s c l a ime r o f warranty ; keep i n t a c t a l l the
no t i c e s that r e f e r to t h i s L i cense and to the absence o f any warranty ;
and g ive any other r e c i p i e n t s o f the Program a copy o f t h i s L i cense

85 along with the Program .

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

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

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

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

6
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100 part the reo f , to be l i c e n s e d as a whole at no charge to a l l t h i rd
p a r t i e s under the terms o f t h i s L i cense .

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

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

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

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

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

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

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

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

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

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

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

Se c t i on s 1 and 2 above provided that you a l s o do one o f the f o l l ow i ng :

a ) Accompany i t with the complete cor re spond ing machine− r eadab le
source code , which must be d i s t r i b u t e d under the terms o f Se c t i on s

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

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

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

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

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

155 The source code f o r a work means the p r e f e r r e d form o f the work f o r
making mod i f i c a t i on s to i t . For an executab l e work , complete source

7
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code means a l l the source code f o r a l l modules i t conta ins , p lus any
a s s o c i a t ed i n t e r f a c e d e f i n i t i o n f i l e s , p lus the s c r i p t s used to
con t r o l compi la t ion and i n s t a l l a t i o n o f the executab l e . However , as a

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

165

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

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

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

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

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

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

6 . Each time you r e d i s t r i b u t e the Program ( or any work based on the
190 Program ) , the r e c i p i e n t automat i ca l l y r e c e i v e s a l i c e n s e from the

o r i g i n a l l i c e n s o r to copy , d i s t r i b u t e or modify the Program sub j e c t to
these terms and cond i t i on s . You may not impose any f u r t h e r
r e s t r i c t i o n s on the r e c i p i e n t s ’ e x e r c i s e o f the r i g h t s granted he re in .
You are not r e s p on s i b l e f o r en f o r c i ng compliance by th i rd p a r t i e s to

195 t h i s L i cense .

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

200 otherw i s e ) that con t r ad i c t the cond i t i on s o f t h i s License , they do not
excuse you from the cond i t i on s o f t h i s L i cense . I f you cannot
d i s t r i b u t e so as to s a t i s f y s imul taneous ly your o b l i g a t i o n s under t h i s
L i cense and any other pe r t i n en t ob l i g a t i on s , then as a consequence you
may not d i s t r i b u t e the Program at a l l . For example , i f a patent

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

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

8
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215 I t i s not the purpose o f t h i s s e c t i o n to induce you to i n f r i n g e any
patents or other property r i g h t c la ims or to cont e s t v a l i d i t y o f any
such c la ims ; t h i s s e c t i o n has the s o l e purpose o f p r o t e c t i ng the
i n t e g r i t y o f the f r e e so f tware d i s t r i b u t i o n system , which i s
implemented by pub l i c l i c e n s e p r a c t i c e s . Many people have made

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

225

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

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

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

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

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

240 address new problems or concerns .

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

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

250 10 . I f you wish to in co rpo ra t e par t s o f the Program in to other f r e e
programs whose d i s t r i b u t i o n cond i t i on s are d i f f e r e n t , wr i t e to the author
to ask f o r permis s ion . For so f tware which i s copyr ighted by the Free
Software Foundation , wr i t e to the Free Software Foundation ; we sometimes
make except i on s f o r t h i s . Our d e c i s i o n w i l l be guided by the two goa l s

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

NO WARRANTY

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

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

270 12 . IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING

9
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WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR
REDISTRIBUTE THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES,
INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING
OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED

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

280 END OF TERMS AND CONDITIONS

How to Apply These Terms to Your New Programs

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

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

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

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

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

295

This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation ; e i t h e r v e r s i on 2 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

300

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

305

You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense along
with t h i s program ; i f not , wr i t e to the Free Software Foundation , Inc . ,
51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 USA.

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

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

315 Gnomovision ve r s i on 69 , Copyright (C) year name o f author
Gnomovision comes with ABSOLUTELY NO WARRANTY; f o r d e t a i l s type ‘ show w’ .
This i s f r e e so f tware , and you are welcome to r e d i s t r i b u t e i t
under c e r t a i n cond i t i on s ; type ‘ show c ’ f o r d e t a i l s .

320 The hypo the t i c a l commands ‘ show w’ and ‘ show c ’ should show the appropr ia t e
par t s o f the General Publ ic L i cense . Of course , the commands you use may
be c a l l e d something other than ‘ show w’ and ‘ show c ’ ; they could even be
mouse− c l i c k s or menu items −−whatever s u i t s your program .

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

10
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Yoyodyne , Inc . , hereby d i s c l a ims a l l copyr ight i n t e r e s t in the program
330 ‘ Gnomovision ’ ( which makes pas s e s at compi l e r s ) wr i t t en by James Hacker .

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

335 This General Publ ic L i cense does not permit i n co rpo ra t i ng your program in to
p rop r i e t a ry programs . I f your program i s a subrout ine l i b r a ry , you may
cons id e r i t more u s e f u l to permit l i n k i n g p rop r i e t a ry app l i c a t i o n s with the
l i b r a r y . I f t h i s i s what you want to do , use the GNU Lesse r General
Publ ic L i cense in s t ead o f t h i s L i cense .

4 Setup.hs

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

5 src/Convert/Common.hs

module Convert .Common ( readMay , image , image ’ , Colour ( Colour ) , Image ( ) ) where
import Data . L i s t ( sortBy )
import Data . Ord ( comparing )
import Frac ta l .GRUFF

5 import Frac ta l .RUFF. Types . Complex (Complex ( ( :+) ) )

image : : Rat iona l −> Rat iona l −> Double −> Image
image = image ’ 512 288 4 ( red , black , white )

where
10 red = Colour 1 0 0

black = Colour 0 0 0
white = Colour 1 1 1

image ’ : : Int −> Int −> Double −> ( Colour , Colour , Colour ) −> Rat iona l −> ⤦

Ç Rat iona l −> Double −> Image
15 image ’ w h s s ( c i , cb , ce ) re im sz = Image

{ imageWindow = Window{ width = w, he ight = h , supersamples = s s }
, imageViewport = Viewport{ aspect = f romInteg ra l w / f romInteg ra l h , o r i e n t =⤦

Ç 0 }
, imageLocation = Locat ion { cente r = re :+ im , rad iu s = sz }
, imageColours = Colours { c o l o u r I n t e r i o r = c i , colourBoundary = cb , ⤦

Ç c o l ou rEx t e r i o r = ce }
20 , imageLabels = [ ]

, imageLines = [ ]
}

readMay : : Read a => St r ing −> Maybe a
25 readMay s = case sortBy ( comparing ( l ength . snd ) ) . f i l t e r ( a l l whiteSpace . ⤦

Ç snd ) . reads $ s o f
( a , ) : −> Just a
−> Nothing

where
whiteSpace ’ ’ = True

30 whiteSpace ’\ t ’ = True
whiteSpace ’\n ’ = True
whiteSpace ’\ r ’ = True
whiteSpace = False

11
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6 src/Convert/Gruff1.hs

module Convert . Gruf f1 ( g r u f f 1 ) where
import Convert .Common ( readMay , image , Image )
import Numeric ( readSigned , readFloat )

5 data AngledInterna lAddress
= Unangled In t eg e r
| Angled In t eg e r Angle AngledInterna lAddress
d e r i v i ng Read

10 type Angle = Rat iona l

newtype R = R Rat iona l

i n s t ance Read R where
15 readsPrec = map (\ ( x , s ) −> (R x , s ) ) . readParen Fal se ( readSigned ⤦

Ç readFloat )

data Gruff1 = Gruff1
{ gAddress : : Maybe AngledInterna lAddress
, g I s l and : : Maybe AngledInterna lAddress

20 , gChild : : Maybe [ Angle ]
, gLowerAngle : : Maybe Angle
, gUpperAngle : : Maybe Angle
, gReal : : Maybe R
, gImag : : Maybe R

25 , gS i z e : : Maybe R
, gHueShift : : Maybe R
, gHueScale : : Maybe R
}
de r i v i ng Read

30

g ru f f 1 : : S t r ing −> Maybe Image
g ru f f 1 s = convert =<< readMay s

convert : : Gruf f1 −> Maybe Image
35 convert Gruf f1 { gReal = Just (R re ) , gImag = Just (R im) , gS i z e = Just (R sz ) } ⤦

Ç = Just $ image re im ( fromRational sz )
convert = Nothing

7 src/Convert/Gruff2a.hs

module Convert . Gruff2a ( g ru f f 2 a ) where
import Convert .Common ( readMay , image ’ , Colour ( Colour ) , Image ( ) )
import Numeric ( readSigned , readFloat )

5 data AngledInterna lAddress
= Unangled In t eg e r
| Angled In t eg e r Angle AngledInterna lAddress
d e r i v i ng Read

10 type Angle = Rat iona l

newtype R = R Rat iona l

12
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i n s t ance Read R where
15 readsPrec = map (\ ( x , s ) −> (R x , s ) ) . readParen Fal se ( readSigned ⤦

Ç readFloat )

data Color = Color Int Int Int
d e r i v i ng Read

20 c : : Color −> Colour
c ( Color r g b) = Colour ( f r omInteg ra l r / m) ( f r omInteg ra l g / m) ( f r omInteg ra l⤦

Ç b / m) where m = 65535

data Gruff2a = Gruff2
{ gAddress : : Maybe AngledInterna lAddress

25 , gReal : : Maybe R
, gImag : : Maybe R
, gS i ze : : Maybe R
, gRota : : Maybe Double
, gColours : : ( Color , Color , Color )

30 }
de r i v i ng Read

g ru f f 2 a : : S t r ing −> Maybe Image
g ru f f 2 a s = convert =<< readMay s

35

convert : : Gruff2a −> Maybe Image −− FIXME handle rota ?
convert Gruf f2

{ gReal = Just (R re ) , gImag = Just (R im) , gS i z e = Just (R sz )
, gColours = ( c i , cb , ce )

40 } = Just $ image ’ 512 288 4 ( c c i , c cb , c ce ) re im ( fromRational sz )
convert = Nothing

8 src/Convert/Gruff2.hs

module Convert . Gruf f2 ( g r u f f 2 ) where
import Convert .Common ( readMay , image ’ , Colour ( Colour ) , Image ( ) )
import Numeric ( readSigned , readFloat )

5 data AngledInterna lAddress
= Unangled In t eg e r
| Angled In t eg e r Angle AngledInterna lAddress
d e r i v i ng Read

10 type Angle = Rat iona l

newtype R = R Rat iona l

i n s t ance Read R where
15 readsPrec = map (\ ( x , s ) −> (R x , s ) ) . readParen Fal se ( readSigned ⤦

Ç readFloat )

data Color = Color Int Int Int
d e r i v i ng Read

20 c : : Color −> Colour
c ( Color r g b) = Colour ( f r omInteg ra l r / m) ( f r omInteg ra l g / m) ( f r omInteg ra l⤦

Ç b / m) where m = 65535

13
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data Window = Window{ width : : Int , he ight : : Int , supersamples : : R }
de r i v i ng Read

25

data Viewport = Viewport{ aspect : : R, o r i e n t : : R }
de r i v i ng Read

data Gruff2 = Gruff2
30 { gAddress : : Maybe AngledInterna lAddress

, gReal : : Maybe R
, gImag : : Maybe R
, gS i ze : : Maybe R
, gRota : : Maybe Double

35 , gColours : : ( Color , Color , Color )
, gWindow : : Window
, gViewport : : Viewport
}
de r i v i ng Read

40

g ru f f 2 : : S t r ing −> Maybe Image
g ru f f 2 s = convert =<< readMay s

convert : : Gruf f2 −> Maybe Image −− FIXME handle rota , o r i en t , a spect ?
45 convert Gruf f2

{ gReal = Just (R re ) , gImag = Just (R im) , gS i z e = Just (R sz )
, gColours = ( c i , cb , ce )
, gWindow = Window{ width = w, he ight = h , supersamples = R ss }
} = Just $ image ’ w h ( fromRational s s ) ( c c i , c cb , c ce ) re im ( fromRational⤦

Ç sz )
50 convert = Nothing

9 src/Convert/Gruff.hs

module Convert . Gruf f ( g r u f f ) where
import Convert .Common ( readMay , image , Image )
import Numeric ( readSigned , readFloat )

5 data AngledInterna lAddress
= Unangled In t eg e r
| Angled In t eg e r Angle AngledInterna lAddress
d e r i v i ng Read

10 type Angle = Rat iona l

newtype R = R Rat iona l

i n s t ance Read R where
15 readsPrec = map (\ ( x , s ) −> (R x , s ) ) . readParen Fal se ( readSigned ⤦

Ç readFloat )

data Gruf f = Gruf f
{ gAddress : : Maybe AngledInterna lAddress
, g I s l and : : Maybe AngledInterna lAddress

20 , gChild : : Maybe [ Angle ]
, gLowerAngle : : Maybe Angle
, gUpperAngle : : Maybe Angle
, gReal : : Maybe R
, gImag : : Maybe R

14
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25 , gS i z e : : Maybe R
}
de r i v i ng Read

g r u f f : : S t r ing −> Maybe Image
30 g r u f f s = convert =<< readMay s

convert : : Gruf f −> Maybe Image
convert Gruf f { gReal = Just (R re ) , gImag = Just (R im) , gS i z e = Just (R sz ) } =⤦

Ç Just $ image re im ( fromRational sz )
convert = Nothing

10 src/gruff-convert.hs

import Data .Maybe (mapMaybe)
import System . Environment ( getArgs )
import System . Fi lePath ((</>) , takeFileName )

5 import Convert .Common ( Image )
import Convert . Gruf f ( g r u f f )
import Convert . Gruf f1 ( g r u f f 1 )
import Convert . Gruff2a ( g ru f f 2 a )
import Convert . Gruf f2 ( g r u f f 2 )

10

pa r s e r s : : [ S t r ing −> Maybe Image ]
pa r s e r s = [ g ru f f 2 , g ru f f2a , g ru f f 1 , g r u f f ]

main : : IO ( )
15 main = do

args <− getArgs
case args o f

od i r : f i l e s@ ( : ) −> mapM (main1 od i r ) f i l e s
−> putStrLn ”usage : g ru f f −convert outd i r / ∗ . o ld format . g r u f f ”

20

main1 : : Fi lePath −> Fi lePath −> IO ( )
main1 od i r f i l e = do

old <− r e adF i l e f i l e
case mapMaybe ( $ o ld ) pa r s e r s o f

25 [ ] −> putStrLn $ ”Error : ‘” ++ f i l e ++ ” ’ unrecogn i sed ”
[ new ] −> wr i t eF i l e ( od i r </> takeFileName f i l e ) ( show new)

−> putStrLn $ ”Error : ‘” ++ f i l e ++ ” ’ ambiguous”

11 src/gruff-fives.hs

import Data .Maybe (mapMaybe)

import Frac ta l .GRUFF

5 import Frac ta l .RUFF. Mandelbrot . Address ( parseAngledInterna lAddress )
import Frac ta l .RUFF. Mandelbrot .Atom (MuAtom ( . . ) , findAtom )
import Frac ta l .RUFF. Types . Complex (Complex ( ( :+) ) )

import Number (R)
10

main : : IO ( )
main = defaultMain animation

15
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animation : : [ ( Image , Fi lePath ) ]
15 animation = mapMaybe scene s co r e

scene : : S t r ing −> Maybe ( Image , Fi lePath )
scene s = do
m <− f indAtom =<< parseAngledInterna lAddress s

20 l e t cx :+ cy = muNucleus m : : Complex R
f = f i l ename s
i = Image

{ imageLocation = Locat ion
{ cente r = toRat iona l cx :+ toRat iona l cy

25 , r ad iu s = muSize m ∗ 16
}

, imageViewport = Viewport
{ aspect = 1
, o r i e n t = muOrient m − pi / 2

30 }
, imageWindow = Window

{ width = 512
, he ight = 288
, supersamples = 8

35 }
, imageColours = Colours

{ c o l o u r I n t e r i o r = Colour 1 0 .75 0
, colourBoundary = Colour 0 0 0
, c o l ou rEx t e r i o r = Colour 1 1 1

40 }
, imageLabels = [ ]
, imageLines = [ ]
}

re turn ( i , f )
45

f i l ename : : S t r ing −> Fi lePath
f i l ename s = map f i l e c h a r s ++ ” .ppm”

where
f i l e c h a r ’ ’ = ’ ’

50 f i l e c h a r ’/ ’ = ’ − ’
f i l e c h a r c = c

s co r e : : [ S t r ing ]
s c o r e =

55 [ ”1 1/5 5 6 ” ++ accum de l t a s
| l <− [ 0 . . 124 ]
, l e t m = l ‘ div ‘ 5
, l e t n = l ‘mod ‘ 5 + 1
, l e t d e l t a s = r e p l i c a t e m 5 ++ [ n ]

60 ]
where accum = unwords . map show . s can l (+) 11

12 src/gruff-labels.hs

import Frac ta l .GRUFF

import Frac ta l .RUFF. Mandelbrot . Address h id ing ( ang l e s )
import Frac ta l .RUFF. Mandelbrot . Ray

5 import Frac ta l .RUFF. Mandelbrot .Atom

16
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import Frac ta l .RUFF. Types . Complex
import Frac ta l .RUFF. Types . Ratio h id ing ( Rat iona l )

import Control .Monad (ap , rep l i cateM )
10 import q u a l i f i e d Data .Map as M

import Data .Maybe (mapMaybe)

main : : IO ( )
main = defaultMain [ ( l ab e l s , ” g ru f f − l a b e l s .ppm”) ]

15

l a b e l s : : Image
l a b e l s = Image

{ imageWindow = Window{ width = 1280 , he ight = 720 , supersamples = 8 }
, imageViewport = Viewport{ aspect =16/9 , o r i e n t = 0 }

20 , imageLocation = Locat ion { cente r = ( −0.1178) :+ 1 .0413 , rad iu s = 0.125 }
, imageColours = Colours

{ c o l o u r I n t e r i o r = red
, colourBoundary = black
, c o l ou rEx t e r i o r = darkgrey

25 }
, imageLabels = rayLabe l s ++ atomLabels
, imageLines = rayLines
}

30 addressSpec : : [ S t r ing ]
addressSpec =

[ ”1 1/3 ” ++ ( unwords . map show . s can l (+) (3 : : Int ) ) s t ep s
| n <− [ 1 . . 3 ]
, s t ep s <− rep l i cateM n [ 1 , 2 , 3 ]

35 ]

addre s s e s : : [ AngledInterna lAddress ]
addre s s e s = mapMaybe parseAngledInterna lAddress addressSpec

40 atoms : : [ ( AngledInternalAddress , MuAtom Double ) ]
atoms = mapMaybe (\ addr −> fmap ( ( , ) addr ) ( findAtom addr ) ) addre s s e s

ang l e s : : [ ( AngledInternalAddress , MuAtom Double , Angle , Angle ) ]
ang l e s = mapMaybe f atoms

45 where
f ( addr , mu) = fmap g ( exte rna lAng l e s addr )

where
g ( lo , h i ) = ( addr , mu, lo , h i )

50 atomLabels : : [ Label ]
atomLabels =

[ Label
{ l abe lCoords = toRationalC (muNucleus mu)
, l abe lCo lour = white

55 , l abe lText = pret tyAng ledInterna lAddres s addr
}

| ( addr , mu, , ) <− ang l e s
]

60 rayLabe l s : : [ Label ]
rayLabe l s =

[ Label

17
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{ l abe lCoords = f s t . ( ! ! ( sharpness ∗ k ) ) $ rays M. ! a
, l abe lCo lour = l i gh tg r ey , l abe lText = prettyAngle a

65 }
| ( , , lo , h i ) <− ang l e s
, ( a , k ) <− [ ( lo , 10) , ( hi , 11) ]
]

70 rayLines : : [ Line ]
rayLines =

[ Line{ l ineSegments = rs , l i n eCo lou r = midgrey }
| r s <− M. elems rays
]

75

rays : : M.Map Angle [ ( Complex Rational , Complex Rat iona l ) ]
rays = M. fromList [ ( a , ray a ) | ( , , lo , h i ) <− angles , a <− [ lo , h i ] ]

ray : : Angle −> [ ( Complex Rational , Complex Rat iona l ) ]
80 ray = ( zip ‘ ap ‘ t a i l )

. map toRationalC

. take ( sharpness ∗ 32)

. externalRay 1e−8 sharpness (2∗∗24)

. (\ t −> toRat iona l ( numerator t ) / toRat iona l ( denominator t ) )
85

sharpness : : Int
sharpness = 8

red , black , darkgrey , midgrey , l i gh t g r ey , white : : Colour
90 red = Colour 1 0 0

black = Colour 0 0 0
darkgrey = Colour 0 .25 0 .25 0 .25
midgrey = Colour 0 .5 0 . 5 0 .5
l i g h t g r e y = Colour 0 .75 0 .75 0 .75

95 white = Colour 1 1 1

toRationalC : : Complex Double −> Complex Rat iona l
toRationalC (x :+ y ) = toRat iona l x :+ toRat iona l y

13 src/gruff-octopus.hs

import Data .Maybe (mapMaybe)
import Numeric .QD (QuadDouble )
import Numeric .QD. Vec ( )

5 import Frac ta l .GRUFF

import Frac ta l .RUFF. Mandelbrot . Address ( parseAngledInterna lAddress )
import Frac ta l .RUFF. Mandelbrot .Atom (MuAtom ( . . ) , findAtom )
import Frac ta l .RUFF. Types . Complex (Complex ( ( :+) ) )

10

main : : IO ( )
main = defaultMain animation

animation : : [ ( Image , Fi lePath ) ]
15 animation = mapMaybe scene ( s co r e ‘ z ip ‘ [ 0 . . ] )

scene : : ( Str ing , Int ) −> Maybe ( Image , Fi lePath )
scene ( s , n ) = do

18
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m <− f indAtom =<< parseAngledInterna lAddress s
20 l e t cx :+ cy = muNucleus m : : Complex QuadDouble

f = f i l ename n
i = Image

{ imageLocation = Locat ion
{ cente r = toRat iona l cx :+ toRat iona l cy

25 , r ad iu s = muSize m ∗ 16
}

, imageViewport = Viewport
{ aspect = 1
, o r i e n t = muOrient m − pi / 2

30 }
, imageWindow = Window

{ width = 256
, he ight = 256
, supersamples = 8

35 }
, imageColours = Colours

{ c o l o u r I n t e r i o r = Colour 1 0 0
, colourBoundary = Colour 0 0 0
, c o l ou rEx t e r i o r = Colour 1 1 1

40 }
, imageLabels = [ ]
, imageLines = [ ]
}

re turn ( i , f )
45

f i l ename : : Int −> Fi lePath
f i l ename n = ( r ev e r s e . take 2 . (++ ”00”) . r e v e r s e . show ) n ++ ” .ppm”

sco r e : : [ S t r ing ]
50 s c o r e =

[ ”1 ” ++ show k ++ ”/29 ” ++ ( unwords . map show ) [ 30 . . 38 : : Int ]
| k <− [ 1 . . 28 ] ++ [ 27 , 26 . . 2 : : Int ]
]

14 src/gruff-patterns.hs

import Control .Monad ( rep l i cateM )
import Data .Maybe (mapMaybe)
import Data . Ratio ( numerator , denominator , (%) )
import System . Environment ( getArgs )

5

import Frac ta l .GRUFF

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

10 import Frac ta l .RUFF. Types . Complex (Complex ( ( :+) ) )

import Number (R)

main : : IO ( )
15 main = do

args <− getArgs
case map reads args o f

[ [ ( num, ””) ] , [ ( den , ””) ] , [ ( depth , ””) ] ] −>
defaultMain ( animation (num % den ) ( f r omInteg ra l depth ) )

19
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20 −> putStrLn ”usage : g ru f f −pat t e rns num den depth | g r u f f ”

animation : : Rat iona l −> Int −> [ ( Image , Fi lePath ) ]
animation r d = mapMaybe scene ( s co r e r d)

25 scene : : S t r ing −> Maybe ( Image , Fi lePath )
scene s = do
m <− f indAtom =<< parseAngledInterna lAddress s
l e t cx :+ cy = muNucleus m : : Complex R

f = f i l ename s
30 i = Image

{ imageLocation = Locat ion
{ cente r = toRat iona l cx :+ toRat iona l cy
, rad iu s = muSize m ∗ 16
}

35 , imageViewport = Viewport
{ aspect = 1
, o r i e n t = muOrient m − pi / 2
}

, imageWindow = Window
40 { width = 256

, he ight = 256
, supersamples = 16
}

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

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

, imageLabels = [ ]
50 , imageLines = [ ]

}
re turn ( i , f )

f i l ename : : S t r ing −> Fi lePath
55 f i l ename s = map f i l e c h a r s ++ ” .ppm”

where
f i l e c h a r ’ ’ = ’ ’
f i l e c h a r ’/ ’ = ’ − ’
f i l e c h a r c = c

60

s c o r e : : Rat iona l −> Int −> [ S t r ing ]
s c o r e r n =

[ ”1 ” ++ nr ++ ”/” ++ dr ++ ” ” ++ accum de l t a s
| de l t a s <− rep l i cateM n [1 . . denominator r − 1 ]

65 ]
where

nr = show ( numerator r )
dr = show ( denominator r )
accum = unwords . map show . s can l (+) ( denominator r )

15 src/gruff-randoms.hs

import GHC. Conc ( numCapabi l i t i e s )
import Control . Concurrent ( forkIO , Chan , newChan , getChanContents , writeChan )
import Control .Monad ( forM )
import Data . Function ( on )

20
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5 import Data . L i s t (nub , nubBy , un fo ld r )
import System . Environment ( getArgs )
import System .Random (newStdGen , RandomGen , random , randomR , s p l i t )

import Frac ta l .GRUFF
10

import Frac ta l .RUFF. Mandelbrot . Address
( AngledInterna lAddress ( . . ) , angledToList , angledFromList
, pre t tyAng ledInterna lAddres s
)

15 import Frac ta l .RUFF. Mandelbrot .Atom (MuAtom ( . . ) , findAtom )
import Frac ta l .RUFF. Types . Complex (Complex ( ( :+) ) )
import Frac ta l .RUFF. Types . Ratio ( denominator , (%) )

import Number (R)
20

main : : IO ( )
main = do

args <− getArgs
case args o f

25 [ ns ] −> case reads ns o f
[ ( n , ””) ] −> do

gs <− un fo ld r ( Just . s p l i t ) ‘ fmap ‘ newStdGen
ch <− newChan
forM ( [ 0 . . ] ‘ z ip ‘ take numCapabi l i t i e s gs ) $ forkIO . worker ch

30 l e t unique = nubBy ((==) ‘ on ‘ snd )
f ( ( i , ) , a ) = ( i , toFileName ( pret tyAng ledInterna lAddres s a ) )

defaultMain . take n . map f . unique =<< getChanContents ch
−> usage

−> usage
35 where

usage = putStrLn ”usage : g ru f f −randoms count | g r u f f ”

toFileName : : S t r ing −> St r ing
toFileName = (++ ” .ppm”) . map toFi leChar

40

toFi leChar : : Char −> Char
toFi leChar ’/ ’ = ’ − ’
toFi leChar ’ ’ = ’ ’
toFi leChar c = c

45

type Message = ( ( Image , Fi lePath ) , AngledInterna lAddress )

worker : : RandomGen g => Chan Message −> ( Int , g ) −> IO ( )
worker ch (w, g ) =

50 mapM ( uncurry $ work ch w) . z ip [ 0 . . ] . nub . randomAddresses $ g

work : : Chan Message −> Int −> Int −> AngledInterna lAddress −> IO ( )
work ch w n a = case scene n a o f

Nothing −> re turn ( )
55 Just ( i , f ) −> writeChan ch ( ( i , show w ++ ” ” ++ f ) , a )

scene : : Int −> AngledInterna lAddress −> Maybe ( Image , Fi lePath )
scene n a = do

a ’ <− ( angledFromList . angledToList ) a
60 m <− f indAtom a ’

l e t cx :+ cy = muNucleus m : : Complex R
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f = f i l ename n
i = Image

{ imageLocation = Locat ion
65 { cente r = toRat iona l cx :+ toRat iona l cy

, rad iu s = muSize m ∗ 32
}

, imageViewport = Viewport
{ aspect = 1

70 , o r i e n t = muOrient m − pi / 2
}

, imageWindow = Window
{ width = 512
, he ight = 512

75 , supersamples = 8
}

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

80 , c o l ou rEx t e r i o r = Colour 1 1 1
}

, imageLabels = [ ]
, imageLines = [ ]
}

85 re turn ( i , f )

f i l ename : : Int −> Fi lePath
f i l ename n = ( r ev e r s e . take 4 . (++ ”0000”) . r e v e r s e . show ) n ++ ” .ppm”

90 randomAddresses : : RandomGen g => g −> [ AngledInterna lAddress ]
randomAddresses g = l e t ( g ’ , a ) = randomAddress g in a : randomAddresses g ’

randomAddress : : RandomGen g => g −> ( g , AngledInterna lAddress )
randomAddress g = randomAddress ’ g 16 2 1

95

randomAddress ’ : :
RandomGen g => g −> Int −> I n t eg e r −> I n t eg e r −> ( g , AngledInterna lAddress )

randomAddress ’ g0 s i z e den per | s i z e == 0 | | per > 100 = ( g0 , Unangled (⤦
Ç f romInteger per ) )

randomAddress ’ g0 s i z e den per
100 | co in < (0 . 125 : : Double ) && den ’ > 2 =

i f per ’ > 200
then ( g6 , Unangled ( f romInteger per ) )
e l s e Angled ( f romInteger per ) ang le ‘ fmap ‘ randomAddress ’ g6 ( s i z e − 1) ⤦

Ç den ’ per ’
| otherwi s e = Angled ( f romInteger per ) (1 % 2) ‘ fmap ‘ randomAddress ’ g6 ( s i z e ⤦

Ç − 1) den per2
105 where

( coin , g1 ) = random g0
( rand , g2 ) = random g1
(numr , g3 ) = randomR (1 , denr − 1) g2
( po f f , g4 ) = randomR (1 , den − 1) g3

110 ( per ’ , g5 ) = randomR (perMin , perMax ) g4
( per ’ ’ , g6 ) = randomR (perMin ’ , perMax ’ ) g5
per2 = i f den > 2 then per + po f f e l s e per ’ ’
denr = f l o o r (31 ∗ rand ∗ rand + 2 : : Double )
ang le = numr % denr

115 den ’ = denominator ang le
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perMin = per ∗ ( den ’ − 1) − 1
perMax = ( per + 1) ∗ den ’ − 1
perMin ’ = per + 1
perMax ’ = per ∗ 2

16 src/gruff-raytrace.hs

import Control .Monad ( ap )
import Data . Ratio ((%) )
import System . Environment ( getArgs )
import Frac ta l .GRUFF

5

main : : IO ( )
main = do

[ scount , snum , sden ] <− getArgs
l e t count = read scount

10 num = read snum
den = read sden
ang le = num % den
ca l l ba ck = RayTraceForwardCallback $ \ cont inue c −>

l e t x :+ y = toComplex c
15 in ( i f magnitudeSquared c < 4 then ( ( toDFloat x :+ toDFloat y ) : ) e l s e⤦

Ç id )
( rayTraceForward cont inue ca l l ba ck )

ray = rayTraceForward ( rayTraceForwardStart ( ExternalAngle ang le ) ) ⤦
Ç ca l l ba ck

defaultMain . map scene . z ip [ 0 . . ] . ( z ip ‘ ap ‘ t a i l ) . take count $ ray

20 scene (n , ( cx0 :+ cy0 , cx1 :+ cy1 ) ) =
withDFloat cx0 $ \x0 ’ −> withDFloat cy0 $ \y0 ’ −>

withDFloat cx1 $ \x1 ’ −> withDFloat cy1 $ \y1 −>
l e t x0 = auto x0 ’

y0 = auto y0 ’
25 x1 = auto x1 ’

c0 = x0 :+ y0
c1 = x1 :+ y1
d = c1 − c0
center ’ = 0 .5 ∗ ( c0 + c1 )

30 radius ’ = 0 .5 ‘min ‘ (128 ∗ auto (magnitude d) : : F24 )
o r i en t ’ = phase ( fmap realToFrac d : : Complex Double ) − pi / 2

in ( Image{ imageLocation = Locat ion
{ cente r = fmap toRat iona l center ’
, r ad iu s = toRat iona l radius ’

35 }
, imageViewport = Viewport

{ aspect = 512/288
, o r i e n t = or i ent ’
}

40 , imageWindow = Window
{ width = 512
, he ight = 288
, supersamples = 0 .5
}

45 , imageColours = Colours
{ c o l o u r I n t e r i o r = Colour 1 0 0
, colourBoundary = Colour 0 0 0
, c o l ou rEx t e r i o r = Colour 1 1 1
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}
50 , imageLabels = [ ]

, imageLines = [ ]
}

, f i l ename n)

55 f i l ename n = ( r ev e r s e . take 5 . (++ ”00000”) . r e v e r s e . show ) n ++ ” .ppm”

17 src/gruff-whn.hs

{−

Music v ideo f o r :

5 B1t Crunch3r vs K i l l e r a l i e n vs Phonetic System
White Hole Nocturne ( Feat . Jay Cotton )
Planet Terror Records p lanet015 #03

speed up audio by 2.0408% from 140bpm to 142.857bpm
10 video at 25 fp s

−}
import Data .Maybe (mapMaybe)
import Data . MemoCombinators ( l i s t , char )

15 import System . Environment ( getArgs )

import Frac ta l .GRUFF

import Frac ta l .RUFF. Mandelbrot . Address ( parseAngledInterna lAddress )
20 import Frac ta l .RUFF. Mandelbrot .Atom (MuAtom ( . . ) , findAtom )

import Frac ta l .RUFF. Types . Complex (Complex ( ( :+) ) )

import Number (R)

25 data Qual i ty = Preview | P288 | P576 | P720 | P1080 de r i v i ng Read

main : : IO ( )
main = do

args <− getArgs
30 l e t q = case args o f

[ q ’ ] −> case reads q ’ o f
[ ( q ’ ’ , ””) ] −> q ’ ’
−> Preview

−> Preview
35 defaultMain ( animation q )

window : : Qual i ty −> Window
window Preview = Window{ width = 512 , he ight = 288 , supersamples = 1 }
window P288 = Window{ width = 512 , he ight = 288 , supersamples = 14 }

40 window P576 = Window{ width = 1080 , he ight = 576 , supersamples = 3 .5 }
window P720 = Window{ width = 1280 , he ight = 720 , supersamples = 2.25 }
window P1080 = Window{ width = 1920 , he ight = 1080 , supersamples = 1 }

animation : : Qual i ty −> [ ( Image , S t r ing ) ]
45 animation q = mapMaybe ( scene q ) ( s co r e ‘ z ip ‘ [ 0 . . ] )

scene : : Qual i ty −> ( Str ing , Int ) −> Maybe ( Image , Fi lePath )
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scene q ( s , n ) = do
m <− findMu s

50 l e t cx :+ cy = muNucleus m
f = f i l ename n
i = Image

{ imageLocation = Locat ion
{ cente r = toRat iona l cx :+ toRat iona l cy

55 , r ad iu s = muSize m ∗ 8
}

, imageViewport = Viewport
{ aspect = aspectQ q
, o r i e n t = muOrient m − pi / 2

60 }
, imageWindow = window q
, imageColours = Colours

{ c o l o u r I n t e r i o r = Colour 1 0 0
, colourBoundary = Colour 0 0 0

65 , c o l ou rEx t e r i o r = Colour 1 1 1
}

, imageLabels = [ ]
, imageLines = [ ]
}

70 re turn ( i , f )

findMu : : S t r ing −> Maybe (MuAtom R)
findMu = l i s t char findMu ’

75 findMu ’ : : S t r ing −> Maybe (MuAtom R)
findMu ’ s = do

a <− parseAngledInterna lAddress s
findAtom a

80 aspectQ : : Qual i ty −> Double
aspectQ q = l e t w = window q in f r omInteg ra l ( width w) / f romInteg ra l ( he ight w)

f i l ename : : Int −> St r ing
f i l ename n = ( r ev e r s e . take 4 . (++ ”0000”) . r e v e r s e . show ) n ++ ” .ppm”

85

kick1 , snare1 , kick2 , snare2 , kick3 , snare3 : : Int −> [ S t r ing ]
bass3 : : Int −> Int −> [ S t r ing ]
k ick1 n = [ ”1 2 ” ++ ( unwords . map show . take m . s can l (+) (3 : : Int ) .⤦

Ç repeat ) 1 | m <− [ n , n − 1 . . 1 ] ]
snare1 n = [ ”1 2 ” ++ ( unwords . map show . take (2 ∗ m) . f i l t e r (\x −> x ⤦

Ç ‘mod ‘ 3 /= 0) ) [ ( 3 : : Int ) . . ] | m <− [ n , n − 1 . . 1 ] ]
90 kick2 n = [ ”1 2 ” ++ ( unwords . map show . take m . s can l (+) (5 : : Int ) .⤦

Ç repeat ) 2 | m <− [ n , n − 1 . . 1 ] ]
snare2 n = [ ”1 2 3 ” ++ ( unwords . map show . take (3 ∗ m) . f i l t e r (\x −> x ⤦

Ç ‘mod ‘ 4 /= 0) ) [ ( 4 : : Int ) . . ] | m <− [ n , n − 1 . . 1 ] ]
k i ck3 n = [ ”1 2 4 8 ” ++ ( unwords . map show . take m . s can l (+) ( 1 0 : : Int ) .⤦

Ç repeat ) 4 | m <− [ n , n − 1 . . 1 ] ]
snare3 n = [ ”1 2 3 4 ” ++ ( unwords . map show . take (4 ∗ m) . f i l t e r (\x −> x ⤦

Ç ‘mod ‘ 5 /= 0) ) [ ( 5 : : Int ) . . ] | m <− [ n , n − 1 . . 1 ] ]
bass3 n k= [ ”1 2 4 ” ++ show k ++ ”/7 ” ++ ( unwords . map show . take m) [ ( 2 3⤦

Ç : : Int ) . . ] | m <− [ n , n − 1 . . 1 ] ]
95

s c o r e : : [ S t r ing ]
s c o r e = concat $

25
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[ k i ck1 21
, snare1 32

100 , k i ck1 20
, snare1 11
, k ick1 8
, k ick1 8
, k ick1 5

105 , snare1 32
, k ick1 20
, snare1 11
] ++
[ k ick2 21

110 , snare2 32
, k ick2 20
, snare2 11
, k ick2 21
, snare2 32

115 , k i ck2 10
, snare2 8
, snare2 8
, snare2 5
] ++

120 [ k i ck3 21
, snare3 32
, k ick3 15
, snare3 5
, snare3 11

125 , k i ck3 4
, bass3 4 1
, k ick3 8
, k ick3 5
, snare3 32

130 , k i ck3 16
, bass3 5 2
, snare3 4
, bass3 3 3
, snare3 3

135 ] ++
[ k ick3 21
, snare1 32
, k ick2 20
, snare3 11

140 , k i ck1 8
, k ick2 5
, bass3 3 4
, k ick3 5
, snare2 6

145 , bass3 26 5
, k ick2 16
, bass3 5 6
, snare3 5
, snare2 3

150 , snare1 2
]

18 src/gruff-zoom.hs
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import System . Environment ( getArgs )

import Frac ta l .GRUFF

5 main : : IO ( )
main = do

[ fn , n f s ] <− getArgs
i 0 <− read ‘ fmap ‘ r e adF i l e fn
l e t nf = read n f s

10 r0 = 4
r1 = rad iu s ( imageLocation i 0 )
dr = r1 / r0
zoom f =

l e t t = f romInteg ra l f / f r omInteg ra l ( nf − 1)
15 r = r0 ∗ dr ∗∗ t

in i 0 { imageLocation = ( imageLocation i 0 ) { rad iu s = r } }
name = (++ ” .ppm”) . r e v e r s e . take 8 . (++ ”00000000”) . r e v e r s e . show

defaultMain [ ( zoom f , name f ) | f <− [ 0 . . n f − 1 ] ]

19 src/Number.hs

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

import Data . Vec ( NearZero )
5

#i f d e f HAVE PRECISION

#e l s e
#i f d e f HAVEMPFR

10

import Data . Vec ( nearZero )
import Control .Monad ( guard )
import Data . Ratio ( numerator , denominator )
import Numeric ( readSigned )

15 import Data . Number .MPFR (MPFR, RoundMode(Near , Up) , Prec i s i on , getPrec , int2w , ⤦
Ç fromIntegerA , stringToMPFR , toS t r i ng )

import Data . Number .MPFR. In s tance s . Near ( )

#e l s e

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

#end i f
#end i f

25

#i f d e f HAVEMPFR

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

Ç p) )
30

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

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

40 signum (R a ) = R ( signum a )
f romInteger i = R ( fromIntegerA Near b i t s i )

i n s t ance Frac t i ona l R where
R a / R b = R (a / b)

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

Ç b i t s ( denominator r ) )

i n s t ance Read R where
readsPrec = readParen Fal se . readSigned $ \ s −> do

50 ( f , r ) <− l e x s
l e t (n , k ) = stringToMPFR Near b i t s 10 f
guard (k == 0)
return (R n , r )

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

Ç getPrec m) ) m

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

60

#e l s e

newtype R = R QuadDouble
d e r i v i ng (Eq , Ord , Num, Fract iona l , Float ing , Real , RealFrac , NearZero )

65

i n s t ance Show R where
show (R m) = show m

ins tance Read R where
70 readsPrec p = map (\ (m, s ) −> (R m, s ) ) . readsPrec p

#end i f
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