
wedged

Claude Heiland-Allen

2013–2019



Contents

1 .gitignore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2 LICENSE.md . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
3 Setup.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
4 wedged.cabal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
5 Wedged.hs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1 .gitignore

d i s t
d i s t −newsty le

2 LICENSE.md

# Free Art L icense 1 . 3 (FAL 1 . 3 )

## Preamble

5 The Free Art L icense grants the r i g h t to f r e e l y copy , d i s t r i bu t e , and
trans form c r e a t i v e works without i n f r i n g i n g the author ’ s r i g h t s .

The Free Art L icense r e c ogn i z e s and p ro t e c t s the se r i g h t s . Their
implementation has been re formulated in order to a l low everyone to use

10 c r e a t i o n s o f the human mind in a c r e a t i v e manner , r e g a r d l e s s o f t h e i r
types and ways o f exp r e s s i on .

While the publ ic ’ s a c c e s s to c r e a t i o n s o f the human mind usua l l y i s
r e s t r i c t e d by the implementation o f copyr ight law , i t i s favoured by the

15 Free Art L icense . This l i c e n s e in tends to a l low the use o f a work ’ s
r e s ou r c e s ; to e s t a b l i s h new cond i t i on s f o r c r e a t i n g in order to i n c r e a s e
c r e a t i on oppo r tun i t i e s . The Free Art L icense grants the r i g h t to use a
work , and acknowledges the r i g h t holder ’ s and the user ’ s r i g h t s and
r e s p o n s i b i l i t y .

20

The invent i on and development o f d i g i t a l t e chno l og i e s , I n t e rn e t and Free
Software have changed c r e a t i on methods : c r e a t i o n s o f the human mind can
obv ious ly be d i s t r i bu t ed , exchanged , and transformed . They a l low to
produce common works to which everyone can cont r i bu t e to the b en e f i t o f

25 a l l .

The main r a t i o n a l e f o r t h i s Free Art L icense i s to promote and pro t e c t
these c r e a t i o n s o f the human mind accord ing to the p r i n c i p l e s o f
c opy l e f t : freedom to use , copy , d i s t r i bu t e , transform , and p r oh i b i t i o n

30 o f e x c l u s i v e appropr i a t i on .
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## De f i n i t i o n s

∗work∗ e i t h e r means the i n i t i a l work , the subsequent works or the
35 common work as de f ined h e r e a f t e r :

∗common work∗ means a work composed o f the i n i t i a l work and a l l
subsequent c on t r i bu t i on s to i t ( o r i g i n a l s and cop i e s ) . The i n i t i a l
author i s the one who , by choos ing t h i s l i c e n s e , d e f i n e s the cond i t i on s

40 under which con t r i bu t i on s are made .

∗ I n i t i a l work∗ means the work c rea ted by the i n i t i a t o r o f the common
work ( as de f ined above ) , the cop i e s o f which can be modi f i ed by whoever
wants to

45

∗Subsequent works∗ means the c on t r i bu t i on s made by authors who
p a r t i c i p a t e in the evo lu t i on o f the common work by e x e r c i s i n g the r i g h t s
to reproduce , d i s t r i bu t e , and modify that are granted by the l i c e n s e .

50 ∗Or i g i n a l s ∗ ( s ou r c e s or r e s ou r c e s o f the work ) means a l l c op i e s o f
e i t h e r the i n i t i a l work or any subsequent work mentioning a date and
used by t h e i r author ( s ) as r e f e r e n c e s f o r any subsequent updates ,
i n t e r p r e t a t i o n s , c op i e s or r eproduct i ons .

55 ∗Copy∗ means any reproduct ion o f an o r i g i n a l as de f in ed by t h i s
l i c e n s e .

## 1 . OBJECT

60 The aim o f t h i s l i c e n s e i s to d e f i n e the cond i t i on s under which one can
use t h i s work f r e e l y .

## 2 . SCOPE

65 This work i s sub j e c t to copyr ight law . Through t h i s l i c e n s e i t s author
s p e c i f i e s the extent to which you can copy , d i s t r i bu t e , and modify i t .

### 2.1 FREEDOM TO COPY (OR TO MAKE REPRODUCTIONS)

70 You have the r i g h t to copy t h i s work f o r you r s e l f , your f r i e n d s or any
other person , whatever the technique used .

### 2.2 FREEDOM TO DISTRIBUTE, TO PERFORM IN PUBLIC

75 You have the r i g h t to d i s t r i b u t e cop i e s o f t h i s work ; whether modi f i ed
or not , whatever the medium and the place , with or without any charge ,
provided that you :

− attach t h i s l i c e n s e without any mod i f i c a t i on to the cop i e s o f t h i s work
80 or i nd i c a t e p r e c i s e l y where the l i c e n s e can be found ,

− s p e c i f y to the r e c i p i e n t the names o f the author ( s ) o f the o r i g i n a l s ,
i n c l ud ing yours i f you have modi f i ed the work ,

− s p e c i f y to the r e c i p i e n t where to a c c e s s the o r i g i n a l s ( e i t h e r i n i t i a l
or subsequent ) .

85

The authors o f the o r i g i n a l s may , i f they wish to , g ive you the r i g h t
to d i s t r i b u t e the o r i g i n a l s under the same cond i t i on s as the cop i e s .

3
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### 2.3 FREEDOM TO MODIFY
90

You have the r i g h t to modify cop i e s o f the o r i g i n a l s ( whether i n i t i a l
or subsequent ) provided you comply with the f o l l ow i n g cond i t i on s :

− a l l c ond i t i on s in a r t i c l e 2 . 2 above , i f you d i s t r i b u t e modi f i ed
95 cop i e s ;

− i n d i c a t e that the work has been modi f i ed and , i f i t i s po s s i b l e , what
kind o f mod i f i c a t i on s have been made ;

− d i s t r i b u t e the subsequent work under the same l i c e n s e or any compatible
l i c e n s e .

100

The author ( s ) o f the o r i g i n a l work may g ive you the r i g h t to modify i t
under the same cond i t i on s as the cop i e s .

## 3 . RELATED RIGHTS
105

Ac t i v i t i e s g i v ing r i s e to author ’ s r i g h t s and r e l a t e d r i g h t s s h a l l not
cha l l enge the r i g h t s granted by t h i s l i c e n s e .
For example , t h i s i s the reason why performances must be sub j e c t to the
same l i c e n s e or a compatible l i c e n s e . S im i l a r l y , i n t e g r a t i n g the work in

110 a database , a compi la t ion or an anthology s h a l l not prevent anyone from
us ing the work under the same cond i t i on s as those de f ined in t h i s
l i c e n s e .

## 4 . INCORPORATION OF THE WORK
115

Inco rpo ra t ing t h i s work in to a l a r g e r work that i s not sub j e c t to the
Free Art L icense s h a l l not cha l l enge the r i g h t s granted by t h i s
l i c e n s e .
I f the work can no longe r be acce s s ed apart from the l a r g e r work in

120 which i t i s incorporated , then in co rpo ra t i on s h a l l only be a l lowed under
the cond i t i on that the l a r g e r work i s sub j e c t e i t h e r to the Free Art
L icense or a compatible l i c e n s e .

## 5 . COMPATIBILITY
125

A l i c e n s e i s compatible with the Free Art L icense provided :

− i t g i v e s the r i g h t to copy , d i s t r i bu t e , and modify cop i e s o f the work
in c l ud ing f o r commercial purposes and without any other r e s t r i c t i o n s

130 than those r equ i r ed by the r e sp e c t o f the other c ompa t i b i l i t y c r i t e r i a ;
− i t ensure s proper a t t r i b u t i o n o f the work to i t s authors and ac c e s s to

prev ious v e r s i on s o f the work when po s s i b l e ;
− i t r e c o gn i z e s the Free Art L icense as compatible ( r e c i p r o c i t y ) ;
− i t r e qu i r e s that changes made to the work be sub j e c t to the same

135 l i c e n s e or to a l i c e n s e which a l s o meets these c ompa t i b i l i t y c r i t e r i a .

## 6 . YOUR INTELLECTUAL RIGHTS

This l i c e n s e does not aim at denying your author ’ s r i g h t s in your
140 con t r i bu t i on or any r e l a t e d r i g h t . By choos ing to cont r i bu t e to the

development o f t h i s common work , you only agree to grant o the r s the same
r i g h t s with regard to your con t r i bu t i on as those you were granted by
t h i s l i c e n s e . Confer r ing these r i g h t s does not mean you have to g ive up
your i n t e l l e c t u a l r i g h t s .

4
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145

## 7. YOUR RESPONSIBILITIES

The freedom to use the work as de f ined by the Free Art L icense ( r i g h t
to copy , d i s t r i bu t e , modify ) imp l i e s that everyone i s r e s p on s i b l e f o r

150 t h e i r own ac t i on s .

## 8 . DURATION OF THE LICENSE

This l i c e n s e takes e f f e c t as o f your acceptance o f i t s terms . The act
155 o f copying , d i s t r i bu t i n g , or modifying the work c on s t i t u t e s a t a c i t

agreement . This l i c e n s e w i l l remain in e f f e c t f o r as long as the
copyr ight which i s attached to the work . I f you do not r e sp e c t the terms
o f t h i s l i c e n s e , you automat i ca l l y l o s e the r i g h t s that i t c on f e r s .
I f the l e g a l s t a tu s or l e g i s l a t i o n to which you are sub j e c t makes i t

160 impos s ib l e f o r you to r e sp e c t the terms o f t h i s l i c e n s e , you may not
make use o f the r i g h t s which i t c on f e r s .

## 9 . VARIOUS VERSIONS OF THE LICENSE

165 This l i c e n s e may undergo p e r i o d i c mod i f i c a t i on s to in co rpo ra t e
improvements by i t s authors ( i n s t i g a t o r s o f the Copyle f t Att i tude
movement ) by way o f new , numbered v e r s i on s .
You w i l l always have the cho i c e o f accept ing the terms conta ined in the
ve r s i on under which the copy o f the work was d i s t r i b u t e d to you , or

170 a l t e r n a t i v e l y , to use the p r ov i s i o n s o f one o f the subsequent v e r s i on s .

## 10 . SUB−LICENSING

Sub− l i c e n s e s are not author i zed by t h i s l i c e n s e . Any person wishing to
175 make use o f the r i g h t s that i t c on f e r s w i l l be d i r e c t l y bound to the

authors o f the common work .

## 11 . LEGAL FRAMEWORK

180 This l i c e n s e i s wr i t t en with r e sp e c t to both French law and the Berne
Convention f o r the Protec t i on o f L i t e r a ry and A r t i s t i c Works .

## USER GUIDE

185 ### How to use the Free Art L icense ?

To b en e f i t from the Free Art License , you only need to mention the
f o l l ow i n g e lements on your work :

190 [Name o f the author , t i t l e , date o f the work . When app l i c ab l e ,
names o f authors o f the common work and , i f po s s i b l e , where to
f i nd the o r i g i n a l s ] .

Copyle f t : This i s a f r e e work , you can copy , d i s t r i bu t e , and
195 modify i t under the terms o f the Free Art L icense

<http :// a r t l i b r e . org / l i c e n c e / l a l /en/>

### Why to use the Free Art L icense ?

200 1 . To g ive the g r e a t e s t number o f people a c c e s s to your work .
2 . To a l low i t to be d i s t r i b u t e d f r e e l y .

5
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3 . To a l low i t to evo lve by a l l ow ing i t s copy , d i s t r i bu t i o n , and
t rans fo rmat ion by othe r s .

4 . So that you b en e f i t from the r e s ou r c e s o f a work when i t i s under the
205 Free Art L icense : to be ab le to copy , d i s t r i b u t e or trans form i t

f r e e l y .
5 . But a l so , because the Free Art L icense o f f e r s a l e g a l framework to

d i s a l l ow any misappropr ia t ion . I t i s f o rb idden to take hold o f your work
and bypass the c r e a t i v e p roce s s f o r one ’ s e x c l u s i v e po s s e s s i on .

210

### When to use the Free Art L icense ?

Any time you want to b en e f i t and make othe r s b e n e f i t from the r i g h t to
copy , d i s t r i b u t e and trans form c r e a t i v e works without any ex c l u s i v e

215 appropr iat ion , you should use the Free Art L icense . You can f o r example
use i t f o r s c i e n t i f i c , a r t i s t i c or educa t i ona l p r o j e c t s .

### What kinds o f works can be sub j e c t to the Free Art L icense ?

220 The Free Art L icense can be app l i ed to d i g i t a l as we l l as phy s i c a l
works .
You can choose to apply the Free Art L icense on any text , p i c ture ,
sound , gesture , or whatever s o r t o f s t u f f on which you have s u f f i c i e n t
author ’ s r i g h t s .

225

### H i s t o r i c a l background o f t h i s l i c e n s e :

I t i s the r e s u l t o f observ ing , us ing and c r e a t i n g d i g i t a l t e chno l og i e s ,
f r e e so f tware , the In t e rn e t and ar t . I t a ro se from the Copyle f t

230 Att i tude meetings which took p lace in Par i s in 2000 . For the f i r s t
time , the se meetings brought toge the r members o f the Free Software
community , a r t i s t s , and members o f the ar t world . The goa l was to adapt
the p r i n c i p l e s o f Copyle f t and f r e e so f tware to a l l s o r t s o f c r e a t i o n s .

235 −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

<http ://www. a r t l i b r e . org>
Copyle f t Attitude , 2007 .

240 You can make reproduc t i ons and d i s t r i b u t e t h i s l i c e n s e verbatim
( without any changes ) .

Trans la t i on : Jonathan Clarke , Benjamin Jean , Gr i s e lda Jung , Fanny Mourguet ,
Antoine Pitrou . Thanks to <http :// framalang . org>

3 Setup.hs

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

4 wedged.cabal

name : wedged
ve r s i on : 3
synops i s : Wedged postcard generato r .
l i c e n s e : OtherLicense

5 l i c e n s e − f i l e : LICENSE.md
author : Claude Heiland −Allen

6



wedged wedged.cabal

mainta iner : claude@mathr . co . uk
copyr ight : (C) 2013 ,2015 ,2016 ,2018 Claude Heiland −Allen
homepage : https : //mathr . co . uk/wedged

10 category : Demo
bui ld −type : Simple
cabal −ve r s i on : >=1.10

d e s c r i p t i o n :
15 Wedged (C) 2013 ,2015 ,2016 ,2018 Claude Heiland −Allen .

.
Copyle f t : This i s a f r e e work , you can copy , d i s t r i bu t e , and
modify i t under the terms o f the Free Art L icense
<http :// a r t l i b r e . org / l i c e n c e / l a l /en/>.

20 .
Usage :
.
> mkdir 7x5
> cd 7x5

25 > wedged 13 9 0 .5 72
> cd . .
.
> mkdir 12x8
> cd 12x8

30 > wedged 14 9 0 .8 72
> cd . .
.
Output :
.

35 189 EPS f i l e s in the 7x5 dir , t o t a l l i n g 25 MB, runtime 3m15s .
.
115 EPS f i l e s in the 12x8 dir , t o t a l l i n g 17 MB, runtime 6m25s .
.
Run time measured us ing a s i n g l e core o f a 4 .3GHz AMD Ryzen 7 2700X

40 Eight−Core Proces sor .
.
In format ion :
.
Vers ion 0 worked with GHC 7.8 and Diagrams 1 .2 with the Cairo backend .

45 .
Vers ion 1 was updated to work with GHC 8.0 and Diagrams 1 .3 with the
Cairo backend .
.
Vers ion 2 was updated to work with GHC 8.4 and Diagrams 1 .4 with the

50 Ra s t e r i f i c backend .
.
Vers ion 3 i s updated to work with GHC 8.6 and Diagrams 1 .4 with the
Po s t s c r i p t backend .

55 executab l e wedged
main− i s : Wedged . hs
bui ld −depends : base >=4.7 && <4.14 ,

MonadRandom >=0.1 && <0.6 ,
array >=0.5 && <0.6 ,

60 con ta i n e r s >=0.5 && <0.7 ,
s t r i c t >=0.3 && <0.4 ,
co l our >=2.3 && <2.4 ,
diagrams− l i b >=1.4 && <1.5 ,

7
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diagrams−po s t s c r i p t >=1.4 && <1.5
65 de fau l t − language : Haske l l2010

other − ex t en s i on s : F l ex ib l eContext s

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

70 l o c a t i o n : https : // code . mathr . co . uk/wedged . g i t

source − r e po s i t o r y t h i s
type : g i t
l o c a t i o n : https : // code . mathr . co . uk/wedged . g i t

75 tag : v3

5 Wedged.hs

−− Wedged ( c ) 2013 ,2015 ,2018 Claude Heiland −Allen <claude@mathr . co . uk> <https : //⤦
Ç mathr . co . uk>

−− Copyle f t : This i s a f r e e work , you can copy , d i s t r i bu t e , and modify i t under
−− the terms o f the Free Art L icense <http :// a r t l i b r e . org / l i c e n c e / l a l /en/>

5 {−# LANGUAGE Flex ib l eContext s #−}

module Main (main ) where

import Control .Monad ( guard , l i f tM2 )
10 import Control .Monad .Random (MonadRandom , runRand , getRandomR , ⤦

Ç newStdGen , StdGen )
import Data . Complex (Complex ( ( :+) ) , magnitude , mkPolar )
import Data . Function ( on )
import Data . L i s t ( group , groupBy , sortBy , nub , nubBy)
import Data .Maybe (mapMaybe , fromJust , l istToMaybe )

15 import Data . Ord ( comparing )
import Data . S t r i c t . Tuple ( Pair ( ( : ! : ) ) )
import System . Environment ( getArgs , withArgs )
import System . Exit ( e x i tF a i l u r e )
import System . IO ( hPutStrLn , s t d e r r )

20 import Data . Array . Unboxed (UArray , bounds , inRange , ixmap , i n d i c e s )
import q u a l i f i e d Data . Array . Unboxed as U
import Data .Map. S t r i c t (Map)
import q u a l i f i e d Data .Map. S t r i c t as M
import Diagrams . Prelude

25 h id ing ( i n s i d e , magnitude , appends , clamp , Colour , t r an s l a t e , p lace , render , e⤦
Ç , D, N, P, unP , Empty , normal ize )

import q u a l i f i e d Diagrams . Prelude as D
import Data . Colour .SRGB (sRGB24)
import Diagrams . Backend . Po s t s c r i p t . CmdLine (B, defaultMain )

30 type N = Int
type R = Double
type C = Complex R

data Colour = Red | Yellow | Green | Cyan | Magenta
35 de r i v i ng (Eq , Ord , Show , Read)

type Label = Int
type Depth = Int
type S i z e = Pair Int Int

8
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40 type Coord = Pair Int Int
type Grid = UArray S i z e Int

g r id : : [ [ Ce l l ] ] −> Grid
g r id c s s = U. array ( ( 0 : ! : 0 ) , ( h1 : ! : w1) )

45 [ ( ( y : ! : x ) ,munge c )
| (y , cs ) <− [ 0 . . h1 ] ‘ z ip ‘ c s s
, (x , c ) <− [ 0 . . w1 ] ‘ z ip ‘ c s
]

where
50 w1 = length ( head c s s ) − 1

h1 = length c s s − 1

elems : : Grid −> [ Ce l l ]
e lems = map unmunge . U. elems

55

( ! ) : : Grid −> Coord −> Ce l l
a ! i = unmunge ( a U . ! i )

(//) : : Grid −> [ ( Coord , Ce l l ) ] −> Grid
60 (//) a = (U. / / ) a . map ( fmap munge)

a s s o c s : : Grid −> [ ( Coord , Ce l l ) ]
a s s o c s = map ( fmap unmunge) . U. a s s o c s

65 data Ce l l = Empty | Blocked | F i l l e d ! Label ! Colour
de r i v i ng (Eq , Ord , Show)

munge : : Ce l l −> Label
munge Empty = −1

70 munge Blocked = −2
munge ( F i l l e d l Red) = 2 + 16 ∗ l
munge ( F i l l e d l Yellow ) = 3 + 16 ∗ l
munge ( F i l l e d l Green ) = 4 + 16 ∗ l
munge ( F i l l e d l Cyan) = 5 + 16 ∗ l

75 munge ( F i l l e d l Magenta ) = 6 + 16 ∗ l

unmunge : : Label −> Ce l l
unmunge (−1) = Empty
unmunge (−2) = Blocked

80 unmunge n = case n ‘divMod ‘ 16 o f
( l , 2) −> F i l l e d l Red
( l , 3) −> F i l l e d l Yellow
( l , 4) −> F i l l e d l Green
( l , 5) −> F i l l e d l Cyan

85 ( l , 6) −> F i l l e d l Magenta
x −> e r r o r $ ”unmunge : ” ++ show (n , x )

isEmpty : : Ce l l −> Bool
isEmpty Empty = True

90 isEmpty = False

i sB locked : : Ce l l −> Bool
i sB locked Blocked = True
i sB locked = False

95

i s F i l l e d : : Ce l l −> Bool

9
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i s F i l l e d F i l l e d {} = True
i s F i l l e d = False

100 co l our : : Ce l l −> Maybe Colour
co l our ( F i l l e d c ) = Just c
co l our = Nothing

l a b e l : : Ce l l −> Maybe Label
105 l a b e l ( F i l l e d l ) = Just l

l a b e l = Nothing

unsafeColour : : Ce l l −> Colour
unsafeColour ( F i l l e d c ) = c

110 unsafeColour = e r r o r ” unsafeColour ”

data Piece = P{ pid : : ! Int , unP : : ! Grid } de r i v i ng (Show)
in s t ance Eq Piece where p == q = pid p == pid q
in s t ance Ord Piece where p ‘ compare ‘ q = pid p ‘ compare ‘ pid q

115

pieceCo lour : : P iece −> Colour
p ieceCo lour = unsafeColour . ( ! (0 : ! : 0) ) . unP

co l ou r s : : [ Colour ]
120 c o l ou r s = [Red , Yellow , Magenta , Green , Cyan ]

rawPieces : : [ P iece ]
rawPieces

= mapMaybe ( fmap snd . normal ize i s F i l l e d . P 0 . g r id )
125 . zipWith c c e l l s c o l ou r s . paras . l i n e s $ pieceData

c c e l l s : : Colour −> [ S t r ing ] −> [ [ Ce l l ] ]
c c e l l s c hss = map (map ( c e l l c ) ) hss

130 pieceData : : S t r ing
pieceData = ”∗∗\n∗∗\n\n∗−−\n∗∗∗\n\n−∗−\n∗∗∗\n\n−∗∗\n∗∗−\n\n∗∗∗∗\n”

c e l l : : Colour −> Char −> Ce l l
c e l l c ’∗ ’ = F i l l e d 0 c

135 c e l l ’ − ’ = Empty
c e l l = e r r o r ” c e l l ”

paras : : [ S t r ing ] −> [ [ S t r ing ] ]
paras [ ] = [ ]

140 paras l s = case break nu l l l s o f
(p , l s ’ ) −> p : paras ( drop 1 l s ’ )

o r i e n t a t i o n s : : [ P iece −> Piece ]
o r i e n t a t i o n s =

145 [ id
, r eve r s e ’ . t ranspose ’
, mapReverse ’ . t ranspose ’
, r eve r s e ’ . mapReverse ’
, r eve r s e ’

150 , mapReverse ’
, t ranspose ’
, r eve r s e ’ . mapReverse ’ . t ranspose ’
]

10
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155 onP : : ( Grid −> Grid ) −> Piece −> Piece
onP f (P i g ) = P i ( f g )

r eve r s e ’ : : P iece −> Piece
reve r s e ’ = onP v f l i p

160

mapReverse ’ : : P iece −> Piece
mapReverse ’ = onP h f l i p

transpose ’ : : P iece −> Piece
165 transpose ’ = onP d f l i p

v f l i p : : Grid −> Grid
v f l i p g =

l e t bs@ ( ( y0 : ! : ) , ( h1 : ! : ) ) = bounds g
170 f ( y : ! : x ) = (h1 − ( y − y0 ) : ! : x )

in ixmap bs f g

h f l i p : : Grid −> Grid
h f l i p g =

175 l e t bs@ ( ( : ! : x0 ) , ( : ! : w1) ) = bounds g
f ( y : ! : x ) = (y : ! : w1 − ( x − x0 ) )

in ixmap bs f g

d f l i p : : Grid −> Grid
180 d f l i p g =

l e t ( ( y0 : ! : x0 ) , ( h1 : ! : w1) ) = bounds g
f ( y : ! : x ) = (x : ! : y )

in ixmap ( ( x0 : ! : y0 ) , (w1 : ! : h1 ) ) f g

185 p i e c e s : : [ P iece ]
p i e c e s = zipWith P [ 0 . . ] . nub . map unP . l i f tM2 o rawPieces $ o r i e n t a t i o n s

where o q@(P ) f = snd . fromJust . normal ize i s F i l l e d $ f q

data Board = B
190 { unB : : ! Grid

, topLeft i sEmpty : : ! (Maybe Coord )
, c o l ou r count s : : ! (Map Colour Int )
}
de r i v i ng (Eq , Ord , Show)

195

mkB : : Grid −> Board
mkB g = B

{ unB = g
, topLeft i sEmpty = topLe f t isEmpty g

200 , c o l ou r count s = M. f romList ( c o l ou r s ‘ z ip ‘ r epeat 0)
}

r e c t ang l e : : S i z e −> Board
r e c t ang l e (h : ! : w) = mkB $ U. l i s tA r r a y ( (0 : ! : 0) , ( h−1 : ! : w−1) ) ( repeat (−1) )

205

p lace : : Coord −> Label −> Piece −> Board −> [ Board ]
p lace yx l p i e c e board

| f i t s yx p i e c e board = [ b l i t yx l p i e c e board ]
| otherwi s e = [ ]

210

11
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(==>) : : Bool −> Bool −> Bool
x ==> y = i f x then y e l s e True
i n f i x 1 ==>

215 (=/>) : : Bool −> Bool −> Bool
x =/> y = i f x then y e l s e Fa l se
i n f i x 1 =/>

surround : : Piece −> [ Coord ]
220 surround = ( surrounds M. ! )

surrounds : : Map Piece [ Coord ]
surrounds = M. fromList [ ( p , surround ’ p) | p <− p i e c e s ]

225 surround ’ : : P iece −> [ Coord ]
surround ’ (P p i e c e ) = nub

[ vu
| yx@(y : ! : x ) <− i n d i c e s p i e c e
, i s F i l l e d ( p i e c e ! yx )

230 , vu <− [ ( y−1 : ! : x ) , ( y+1 : ! : x ) , ( y : ! : x−1) , ( y : ! : x+1) ]
, inRange ( bounds p i e c e ) vu ==> isEmpty ( p i e c e ! vu )
]

f i t s : : Coord −> Piece −> Board −> Bool
235 f i t s ( y : ! : x ) p@(P p i e c e ) (B board cc )

= i n s i d e bp bb &&
cc M. ! pc < hi &&
and [ isEmpty ( board ! ( v+y : ! : u+x) )

| vu@(v : ! : u ) <− i n d i c e s p i e c e
240 , i s F i l l e d ( p i e c e ! vu ) ] &&

a l l d i s t i n c t
[ board ! yx
| ( v : ! : u ) <− surround p
, l e t yx = (v+y : ! : u+x)

245 , inRange bb yx ] &&
( pc == Cyan ==> case bp o f

( ( 0 : ! : 0 ) , ( 3 : ! : 0 ) ) −> not ( blocked (y − 1 : ! : x ) | | blocked (y + 4 : ! : x ) )
( ( 0 : ! : 0 ) , ( 0 : ! : 3 ) ) −> not ( blocked (y : ! : x − 1) | | blocked (y : ! : x + 4) )
−> e r r o r ” f i t s ”)

250 where
bb@( ( y0 : ! : x0 ) , ( h1 : ! : w1) ) = bounds board
bp = bounds p i e c e
h = h1 − y0 + 1
w = w1 − x0 + 1

255 n : : Double
n = f romInteg ra l (h ∗ (w − 1) ) / f r omInteg ra l (4 ∗ l ength co l ou r s )
md = 4 ∗ round n
hi = md + 4
pc = pieceCo lour p

260 d i s t i n c t = ( Just pc /=) . co l ou r
blocked yx = inRange bb yx =/> i sB locked ( board ! yx )
i n s i d e ( ( l y : ! : l x ) , ( hy : ! : hx ) ) ( ( l v : ! : lu ) , ( hv : ! : hu ) )
= lv <= ( ly+y) && (hy+y) <= hv && lu <= ( lx+x) && (hx+x) <= hu

265 b l i t : : Coord −> Label −> Piece −> Board −> Board
b l i t ( y : ! : x ) l p@(P p i e c e ) (B board ( Just ( ty : ! : tx ) ) cc ) =

B board ’ ( topLeftFrom ty tx isEmpty board ’ ) cc ’

12
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where
cc ’ = M. ad jus t (4 +) ( p ieceCo lour p) cc

270 board ’ = board // [ ( yx , b l i t 1 l ( p i e c e ! vu ) ( board ! yx ) )
| vu@(v : ! : u ) <− i n d i c e s p iece , l e t yx = (y + v : ! : x + u⤦

Ç )
]

b l i t = e r r o r ” b l i t ”

275 b l i t 1 : : Label −> Ce l l −> Ce l l −> Ce l l
b l i t 1 l ( F i l l e d c ) Empty = F i l l e d l c
b l i t 1 Empty x = x
b l i t 1 x y = e r r o r $ ” b l i t 1 ” ++ show (x , y )

280 topLe f t : : ( Ce l l −> Bool ) −> Grid −> Maybe Coord
topLe f t p a = listToMaybe [ i | i <− i n d i c e s a , p $ a ! i ]

topLeftFrom : : Int −> Int −> ( Ce l l −> Bool ) −> Grid −> Maybe Coord
topLeftFrom ty tx p a = go ty tx

285 where
( ( : ! : x0 ) , ( h0 : ! : w0) ) = bounds a
go y x

| y > h0 = Nothing
| x > w0 = go (y + 1) x0

290 | p ( a ! yx ) = Just yx
| otherw i s e = go y (x + 1)
where yx = (y : ! : x )

normal ize : : ( Ce l l −> Bool ) −> Piece −> Maybe (Coord , Piece )
295 normal ize p (P i p i e c e ) = do

(y : ! : x ) <− topLe f t p p i e c e
re turn ( ( y : ! : x ) , t r a n s l a t e (−y : ! : −x ) (P i p i e c e ) )

t r a n s l a t e : : Coord −> Piece −> Piece
300 t r a n s l a t e ( y : ! : x ) (P i g ) = P i ( ixmap bs (\ ( v : ! : u ) −> ( v − y : ! : u − x ) ) g )

where
( ( y0 : ! : x0 ) , ( h1 : ! : w1) ) = bounds g
bs = ( ( y0 + y : ! : x0 + x) , ( h1 + y : ! : w1 + x) )

305 f i l l : : Depth −> [ P iece ] −> Board −> [ Board ]
f i l l 0 board = do

guard $ colourCounts board
guard $ l i n eLengths board
return board

310 f i l l d piecesm board = do
Just yx <− re turn $ topLeft i sEmpty board
p i e c e <− piecesm
board ’ <− p lace yx (d − 1) p i e c e board
guard $ d i v e r s e board ’

315 f i l l (d − 1) piecesm board ’

colourCounts : : Board −> Bool
colourCounts b = a l l ( l o <=) cs && any (== md) cs

where
320 cs = M. elems ( co l ou r count s b)

( ( y0 : ! : x0 ) , ( h1 : ! : w1) ) = bounds (unB b)
h = h1 − y0 + 1
w = w1 − x0 + 1

13
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n : : Double
325 n = f romInteg ra l (h ∗ (w − 1) ) / f r omInteg ra l (4 ∗ l ength co l ou r s )

l o = md − 4
md = 4 ∗ round n

l ineLengths : : Board −> Bool
330 l i n eLengths (B g ) = a l l (<= l ) . concatMap (map length . group ) $ hs ++ vs

where
hs = [ [ g ! ( y : ! : x ) == g ! ( y+1 : ! : x ) | x <− [ x0 . . w1 ] ] | y <− [ y0 . . h1⤦

Ç −1] ]
vs = [ [ g ! ( y : ! : x ) == g ! ( y : ! : x+1) | y <− [ y0 . . h1 ] ] | x <− [ x0 . . w1⤦

Ç −1] ]
( ( y0 : ! : x0 ) , ( h1 : ! : w1) ) = bounds g

335 w = w1 − x0 + 1
l = w − 2

depth : : Board −> Maybe Depth
depth g

340 | 0 == n ‘mod‘ 4 = Just (n ‘ div ‘ 4)
| otherwi s e = Nothing
where

n = length . f i l t e r isEmpty . elems . unB $ g

345 packings : : [ P iece ] −> Board −> [ Board ]
packings piecesm board = maybe [ ] (\d −> f i l l d piecesm board ) ( depth board )

b l o ck ing s : : Board −> [ Board ]
b l o ck ing s (B board ) =

350 block ings ’ ( x0 − 200) ( x0 − 100) y0 m0 board
where

( ( y0 : ! : x0 ) , ( h1 : ! : w1) ) = bounds board
h = h1 − y0 + 1
w = w1 − x0 + 1

355 m0 = M. fromList [ (x , n ) | x <− [ x0 . . w1 ] ]
n = ( ( h − 1) ‘ div ‘ w) + 1
block ings ’ x ’ ’ x ’ y m b

| y > h1 = i f a l l (< n) (M. elems m) then return (mkB b) e l s e [ ]
| otherw i s e = do

360 l e t a x = abs (x − x ’ ) > 2 && abs (x − x ’ ’ ) > 2
x <− M. keys $ M. f i l t e rWithKey (\x n ’ −> a x && n ’ > 0) m
l e t b ’ = b // [ ( ( y : ! : x ) , Blocked ) ]

m’ = M. ad jus t ( subt rac t 1) x m
block ings ’ x ’ x ( y + 1) m’ b ’

365

d i v e r s e : : Board −> Bool
d i v e r s e (B b k ) = case k o f

Nothing −> d ( row h1 ) && a l l d c o l s
Just ( ty : ! : ) | ty > y0 −> d ( row ( ty − 1) )

370 −> True
where

row y1 = [ co l our $ b ! ( y1 : ! : x ) | x <− [ x0 . . w1 ] ]
c o l s = [ [ co l ou r $ b ! ( y : ! : x ) | y <− [ y0 . . h1 ] ] | x <− [ x0 . . w1 ] ]
d = (5 <=) . l ength . nub

375 ( ( y0 : ! : x0 ) , ( h1 : ! : w1) ) = bounds b

main : : IO ( )
main = do

14
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args <− getArgs
380 case args o f

[ sh , sw , ss , sd ] −> do
h <− readIO sh
w <− readIO sw
s <− readIO s s

385 d <− readIO sd
main ’ ( s ∗ d) (h : ! : w)
−> hPutStrLn s t d e r r ”usage : /path/ to /wedged he i gh t I nCe l l s w idthInCe l l s ⤦
Ç c e l l S i z e I n c h e s dotsPerInch ” >> e x i tF a i l u r e

main ’ : : Double −> S i z e −> IO ( )
390 main ’ c e l l S i z e s@(y : ! : x )

= mapM ( uncurry ( putDiagram w h) ) . z ip [ 0 . . ] . map unB
. concatMap (nubBy ( equivalentBy ((==) ‘ on ‘ co l ou r ) ) . pack ings p i e c e s )
. nubBy equ iva l en t . b l o ck ing s . r e c t ang l e
$ s

395 where
w = round $ f r omInteg ra l ( x + 1) ∗ c e l l S i z e
h = round $ f r omInteg ra l ( y + 1) ∗ c e l l S i z e

equ iva l en t : : Board −> Board −> Bool
400 equ iva l en t = equivalentBy (==)

equivalentBy : : ( Ce l l −> Ce l l −> Bool ) −> Board −> Board −> Bool
equivalentBy ceq (B a ) (B b ) =

a ‘ eq ‘ b | | a ‘ eq ‘ v f l i p b | | a ‘ eq ‘ h f l i p b | | a ‘ eq ‘ h f l i p ( v f l i p b)
405 where

eq p q = bounds p == bounds q && and ( zipWith ceq ( elems p) ( elems q ) )

putDiagram : : Int −> Int −> Int −> Grid −> IO ( )
putDiagram w h n g = do

410 withArgs [”−w” , show w, ”−h” , show h , ”−o ” , show3 n ++ ” . eps ” ] $ do
defaultMain . f s t . render g =<< newStdGen

where
show3 i

| i < 0 = show i
415 | i < 10 = ”00” ++ show i

| i < 100 = ”0” ++ show i
| otherw i s e = show i

render : : Grid −> StdGen −> (Diagram B, StdGen )
420 render g = runRand $ do

cs <− mapM rende rCe l l s $ p i e c eC e l l s g
re turn $ withEnvelope ’ e (mconcat cs ‘ atop ‘ ( e # l c white # f c white ) ) # ⤦

Ç centerXY
where

e = fromVert i ce s [ p2 ( f r omInteg ra l $ xlo −1 , f r omInteg ra l $ ylo −1) , p2 (⤦
Ç f r omInteg ra l $ xlo −1 , f r omInteg ra l $ yhi+1) , p2 ( f r omInteg ra l $ xhi+1,⤦
Ç f r omInteg ra l $ yhi+1) , p2 ( f r omInteg ra l $ xhi+1, f r omInteg ra l $ ylo −1) ]⤦
Ç # c l o s eT r a i l # ( ‘ at ‘ p2 ( f romInteg ra l$x lo −1 , f r omInteg ra l$y lo −1) ) # ⤦
Ç s t r oke

425 withEnvelope ’ a b = withEnvelope ( a ‘ asTypeOf ‘ b) b
( ( y lo : ! : x lo ) , ( yhi : ! : xhi ) ) = bounds g

p i e c eC e l l s : : Grid −> [ [ ( Coord , Ce l l ) ] ]
p i e c eC e l l s
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430 = map ( sortBy ( comparing f s t ) )
. groupBy ((==) ‘ on ‘ ( l a b e l . snd ) )
. sortBy ( comparing ( l a b e l . snd ) )
. a s s o c s

435 r ende rCe l l s : : ( Functor m, MonadRandom m) => [ ( Coord , Ce l l ) ] −> m (Diagram B)
r ende rCe l l s ( ( j : ! : i , F i l l e d Red) : ) =

(draw True (2ˆwdepth ) ( rgb Red) . ( : [ ] ) ) ‘ fmap ‘ appendsM [ w a b , w b c , w c⤦
Ç d , w d a ]

where
wdepth : : N

440 wdepth = 4
w = wobble wdepth
a = f romInteg ra l i :+ f romInteg ra l j
b = f romInteg ra l i :+ f romInteg ra l ( j + 1)
c = f romInteg ra l ( i + 1) :+ f romInteg ra l ( j + 1)

445 d = f romInteg ra l ( i + 1) :+ f romInteg ra l j
r ende rCe l l s [ ( j 0 : ! : i0 , F i l l e d Yellow ) , ( j 1 : ! : i1 , ) , ( j 2 : ! : i2 , ) , ( j 3 : ! : i3 , ) ] =

(draw False (2ˆwdepth ) ( rgb Yellow ) . ( : [ ] ) ) ‘ fmap ‘ appendsM ws
where

wdepth : : N
450 wdepth = 4

w = wobble wdepth
a = f romInteg ra l i 0 :+ f romInteg ra l j 0
b = f romInteg ra l i 1 :+ f romInteg ra l j 1
c = f romInteg ra l i 2 :+ f romInteg ra l j 2

455 d = f romInteg ra l i 3 :+ f romInteg ra l j 3
ws = case ( j 1 − j0 , i 1 − i0 , j 2 − j0 , i 2 − i0 , j 3 − j0 , i 3 − i 0 ) o f

(0 , 1 , 0 , 2 , 1 , 2) −> {− −− , −} [ w a b , w b c , w c d ]
(1 , 0 , 2 , −1 , 2 , 0) −> {− , | −} [ w a b , w b d , w d c ]
(1 , 0 , 1 , 1 , 1 , 2) −> {− ’−− −} [ w a b , w b c , w c d ]

460 (0 , 1 , 1 , 0 , 2 , 0) −> {− | ’ −} [ w b a , w a c , w c d ]
(0 , 1 , 0 , 2 , 1 , 0) −> {− ,−− −} [ w d a , w a b , w b c ]
(0 , 1 , 1 , 1 , 2 , 1) −> {− ’ | −} [ w a b , w b c , w c d ]
(1 , −2 , 1 , −1 , 1 , 0) −> {− −− ’ −} [ w b c , w c d , w d a ]
(1 , 0 , 2 , 0 , 2 , 1) −> {− | , −} [ w a b , w b c , w c d ]

465 x −> e r r o r $ ” ye l low ” ++ show x
r ende rCe l l s [ ( j 0 : ! : i0 , F i l l e d Green ) , ( j 1 : ! : i1 , ) , ( j 2 : ! : i2 , ) , ( j 3 : ! : i3 , ) ] =

(draw False (2ˆwdepth ) ( rgb Green ) . ( : [ ] ) ) ‘ fmap ‘ appendsM ws
where

wdepth : : N
470 wdepth = 4

w = wobble wdepth
a = f romInteg ra l i 0 :+ f romInteg ra l j 0
b = f romInteg ra l i 1 :+ f romInteg ra l j 1
c = f romInteg ra l i 2 :+ f romInteg ra l j 2

475 d = f romInteg ra l i 3 :+ f romInteg ra l j 3
ws = case ( j 1 − j0 , i 1 − i0 , j 2 − j0 , i 2 − i0 , j 3 − j0 , i 3 − i 0 ) o f

(0 , 1 , 1 , −1 , 1 , 0) −> {− | ’ −} [ w c d , w d a , w a b ]
(0 , 1 , 1 , 1 , 1 , 2) −> {− ’ | −} [ w a b , w b c , w c d ]
(1 , 0 , 1 , 1 , 2 , 1) −> {− ’ , −} [ w a b , w b c , w c d ]

480 (1 , −1 , 1 , 0 , 2 , −1) −> {− , ’ −} [ w a c , w c b , w b d ]
x −> e r r o r $ ” green ” ++ show x

r ende rCe l l s [ ( j 0 : ! : i0 , F i l l e d Cyan) , ( j 1 : ! : i1 , ) , ( j 2 : ! : i2 , ) , ( j 3 : ! : i3 , ) ] =
(draw False (2ˆwdepth ) ( rgb Cyan) . ( : [ ] ) ) ‘ fmap ‘ appendsM [ w a b , w b c , w⤦

Ç c d ]
where

16
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485 wdepth : : N
wdepth = 4
w = wobble wdepth
a = f romInteg ra l i 0 :+ f romInteg ra l j 0
b = f romInteg ra l i 1 :+ f romInteg ra l j 1

490 c = f romInteg ra l i 2 :+ f romInteg ra l j 2
d = f romInteg ra l i 3 :+ f romInteg ra l j 3

r ende rCe l l s [ ( j 0 : ! : i0 , F i l l e d Magenta ) , ( j 1 : ! : i1 , ) , ( j 2 : ! : i2 , ) , ( j 3 : ! : i3 , ) ] =
draw False (2ˆwdepth ) ( rgb Magenta ) ‘ fmap ‘ mapM appendsM wss

where
495 wdepth : : N

wdepth = 4
w = wobble wdepth
a = f romInteg ra l i 0 :+ f romInteg ra l j 0
b = f romInteg ra l i 1 :+ f romInteg ra l j 1

500 c = f romInteg ra l i 2 :+ f romInteg ra l j 2
d = f romInteg ra l i 3 :+ f romInteg ra l j 3
wss = case ( j 1 − j0 , i 1 − i0 , j 2 − j0 , i 2 − i0 , j 3 − j0 , i 3 − i 0 ) o f

(1 , −1 , 1 , 0 , 1 , 1) −> {− | −} [ [ w a c ] , [ w b c , w c d ] ]
(0 , 1 , 0 , 2 , 1 , 1) −> {− −|− −} [ [ w b d ] , [ w a b , w b c ] ]

505 (1 , 0 , 1 , 1 , 2 , 0) −> {− |− −} [ [ w b c ] , [ w a b , w b d ] ]
(1 , −1 , 1 , 0 , 2 , 0) −> {− −| −} [ [ w b c ] , [ w a c , w c d ] ]
x −> e r r o r $ ”magenta” ++ show x

r ende rCe l l s = return mempty

510 perturbMidpoint : : MonadRandom m => C −> C −> m C
perturbMidpoint p q = do

l e t m0 = (p + q) / 2
r1 = magnitude (p − q ) / 16

t <− getRandomR (−pi , p i )
515 r <− getRandomR (0 , r1 )

re turn $ ! m0 + mkPolar r t

append : : (R −> t ) −> (R −> t ) −> R −> t
append f g t

520 | t < 0 .5 = f $ ! 2 ∗ t
| otherwi s e = g $ ! 2 ∗ t − 1

appends : : [ (R −> t ) ] −> R −> t
appends f s t = f s ! ! t i $ tx

525 where
l = length f s
t ’ = t ∗ f r omInteg ra l l
t i = clamp ( f l o o r t ’ ) 0 ( l − 1)
tx = t ’ − f r omInteg ra l t i

530

appendsM : : ( Functor m, Monad m) => [m (R −> t ) ] −> m (R −> t )
appendsM f s = appends ‘ fmap ‘ sequence f s

wobble : : MonadRandom m => N −> C −> C −> m (R −> C)
535 wobble 0 p q = return $ l i n t p q

wobble n p q = do
r <− perturbMidpoint p q
pr <− wobble (n − 1) p r
rq <− wobble (n − 1) r q

540 re turn $ pr ‘ append ‘ rq
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l i n t : : C −> C −> R −> C
l i n t p q t = c (1 − t ) ∗ p + c t ∗ q where c r = r :+ 0

545 clamp : : Ord t => t −> t −> t −> t
clamp x l o h i = l o ‘max ‘ x ‘min ‘ h i

draw : : Bool −> N −> D. Colour R −> [ (R −> C) ] −> Diagram B
draw c l m c f s = ( p l o t 0 . 2 # l c c ‘ atop ‘ p l o t 0 . 3 # l c black ) # lineCap ⤦

Ç LineCapRound # l i n e J o i n LineJoinRound
550 where m’ : : R

m’ = 1 / f romInteg ra l m
ps : : [ Path V2 R]
ps = [ cub i cSp l i n e c l

[ p2 (x , y )
555 | i <− [ 0 . . i f c l then m − 1 e l s e m]

, l e t t = f romInteg ra l i ∗ m’
, l e t x:+y = f t
] | f <− f s ]

p l o t k = strokePath (mconcat ps ) # lwL k
560

rgb : : Colour −> D. Colour R
rgb Red = sRGB24 205 63 125
rgb Yellow = sRGB24 213 135 54
rgb Green = sRGB24 58 110 70

565 rgb Cyan = sRGB24 56 138 170
rgb Magenta = sRGB24 100 70 124
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