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1 Data/Tiling/Class.hs

{−# LANGUAGE DeriveDataTypeable #−}
{− |
Module : Data . T i l i n g . Class
Copyright : ( c ) Claude Heiland −Allen 2011

5 License : BSD3

Maintainer : claude@mathr . co . uk
S t a b i l i t y : unstab le
Po r t a b i l i t y : po r tab l e

10

Subs t i t u t i on t i l i n g API .
−}
module Data . T i l i n g . Class where

15 import Data . Data (Data )
import Data . Typeable ( Typeable )
import Data . L i s t ( p a r t i t i o n )

−− | Subs t i t u t i on t i l i n g s . In s tance s must obey the f o l l ow i n g laws :
20 −−

−− > parent root == Nothing
−− > a l l (== Just t ) . map parent . c h i l d r en $ t
−− > t ‘ i n s i d e ‘ e x t e r i o r t
−− > t ‘ enc l o s e s ‘ i n t e r i o r t

25 −− > i n t e r i o r t ‘ ins ideR ‘ e x t e r i o r t
−− > t ‘ i n s i d e ‘ r ==> t ‘ over laps ‘ r
−− > t ‘ enc l o s e s ‘ r ==> t ‘ over laps ‘ r
−− > t ‘ over laps ‘ r ==> not ( t ‘ outs ide ‘ r )
−− > t ‘ enc l o s e s ‘ r && n >= 0 ==> not $ any ( ‘ outs ide ‘ r ) ( t i l e t r n)

30 −−

−− Minimal complete d e f i n i t i o n : a l l except ’ t i l e ’ .
c l a s s T i l i n g t where
−− | The l a r g e s t t i l e to s t a r t from .
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root : : t
35 −− | The sma l l e r ch i l d r en o f a t i l e .

c h i l d r en : : t −> [ t ]
−− | The unique parent o f a t i l e .
parent : : t −> Maybe t
−− | A re c t ang l e that complete ly e n c l o s e s the t i l e .

40 e x t e r i o r : : t −> Rectangle
−− | A re c t ang l e that i s complete ly enc l o s ed by the t i l e .
i n t e r i o r : : t −> Rectangle
−− | Test i f a r e c t ang l e complete ly en c l o s e s the t i l e .
i n s i d e : : t −> Rectangle −> Bool

45 −− | Test i f a r e c t ang l e i s complete ly enc l o s ed by the t i l e .
e n c l o s e s : : t −> Rectangle −> Bool
−− | Test i f a r e c t ang l e i s complete ly d i s j o i n t from the t i l e .
ou t s id e : : t −> Rectangle −> Bool
−− | Test i f a r e c t ang l e has any over lap with the t i l e .

50 ove r l ap s : : t −> Rectangle −> Bool
−− | Generate a t i l i n g that complete ly f i l l s the g iven r e c t ang l e .
−−

−− Precond i t i ons :
−−

55 −− > t ‘ enc l o s e s ‘ r
−− > n >= 0
−−

t i l e : : t −> Rectangle −> Int −> [ t ]
t i l e = t i l eD e f a u l t

60

−− | Defau l t implementation f o r ’ t i l e ’ .
t i l eD e f a u l t : : T i l i n g t => t −> Rectangle −> Int −> [ t ]
t i l eD e f a u l t t r n

| n >= 0 = uncurry (++) $ i t e r a t e s tep ( [ t ] , [ ] ) ! ! n
65 | otherwi s e = e r r o r ”Data . T i l i n g . Class . t i l eD e f a u l t : not (n >= 0) ”

where
s tep ( es , i s ) =

l e t i s ’ = concatMap ch i l d r en i s
es ’ = concatMap ch i l d r en es

70 ( i s ’ ’ , es ’ ’ ) = pa r t i t i o n ( ‘ i n s i d e ‘ r ) . f i l t e r ( ‘ over laps ‘ r ) $ es ’
in ( es ’ ’ , i s ’ ’ ++ i s ’ )

−− | An axis −a l i gned r e c t ang l e with ’ Rational ’ c oo rd ina t e s .
−−

75 −− Inva r i an t :
−−

−− > westEdge r <= eastEdge r && southEdge r <= northEdge r
−−

−− For s ub s t i t u t i o n t i l i n g s that conta in i r r a t i o n a l l eng th s and/ or s c a l e
80 −− f a c t o r s , the i n t en t i on i s that the implementat ions o f ’ e x t e r i o r ’

−− and ’ i n t e r i o r ’ prov ide reasonab ly t i g h t bounds , with in a percent
−− or two , say , whi l e the data type maintains f u l l p r e c i s i o n i n t e r n a l l y
−− ( perhaps us ing a l g e b r a i c f i e l d ex t en s i on s over ’ Rational ’ ) .
data Rectangle = Rectangle { northEdge , southEdge , eastEdge , westEdge : : !⤦

Ç Rat iona l }
85 de r i v i ng (Eq , Ord , Read , Show , Data , Typeable )

−− | Create a va l i d r e c tang l e , s o r t i n g the edges to meet the i nva r i an t .
r e c t ang l e : : Rat iona l {− ˆ x0 −} −> Rat iona l {− ˆ x1 −} −> Rat iona l {− ˆ y0 −} ⤦

Ç −> Rat iona l {− ˆ y1 −} −> Rectangle {− ˆ r e c t ang l e −}

3
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r e c t ang l e x0 x1 y0 y1 = Rectangle
90 { northEdge = y0 ‘max ‘ y1 , southEdge = y0 ‘min ‘ y1

, eastEdge = x0 ‘max ‘ x1 , westEdge = x0 ‘min ‘ x1
}

−− | Check i f a r e c t ang l e i s i n s i d e another r e c t ang l e . The comparison
95 −− i s not s t r i c t , so that a r e c t ang l e i s i n s i d e i t s e l f .

ins ideR : : Rectangle −> Rectangle −> Bool
ins ideR p q

= northEdge p <= northEdge q
&& southEdge p >= southEdge q

100 && eastEdge p <= eastEdge q
&& westEdge p >= westEdge q

−− | Check i f a r e c t ang l e i s d i s j o i n t from another r e c t ang l e . The comparison
−− i s s t r i c t , so that ne ighbour ing r e c t ang l e s that share an edge w i l l

105 −− not be out s id e each other .
outs ideR : : Rectangle −> Rectangle −> Bool
outs ideR p q

= northEdge p < southEdge q
| | southEdge p > northEdge q

110 | | eastEdge p < westEdge q
| | westEdge p > eastEdge q

−− | Check i f a r e c t ang l e ove r l ap s with another r e c t ang l e . The comparison
−− i s not s t r i c t , so that ne ighbour ing r e c t ang l e s that share an edge

115 −− w i l l over lap each other .
over lapsR : : Rectangle −> Rectangle −> Bool
over lapsR p q = not (p ‘ outsideR ‘ q )

2 Data/Tiling.hs

{− |
Module : Data . T i l i n g
Copyright : ( c ) Claude Heiland −Allen 2011
L icense : BSD3

5

Maintainer : claude@mathr . co . uk
S t a b i l i t y : unstab le
Po r t a b i l i t y : po r tab l e

10 Subs t i t u t i on t i l i n g s . The term sub s t i t u t i on , in connect ion with t i l i n g s ,
d e s c r i b e s a s imple but power fu l method to produce t i l i n g s with many
i n t e r e s t i n g p r op e r t i e s .

The main idea i s to use a f i n i t e s e t o f bu i l d i ng b locks c a l l e d p r o t o t i l e s ,
15 an expanding l i n e a r map ( the i n f l a t i o n f a c t o r ) , and a ru l e how to d i s s e c t

each s ca l ed t i l e i n to cop i e s o f the o r i g i n a l p r o t o t i l e s .

For some examples o f s ub s t i t u t i o n t i l i n g s , and a g l o s s a r y o f terminology ,
s ee the / t i l i n g s encyc loped ia /

20 at <http :// t i l i n g s . math . uni− b i e l e f e l d . de/>
−}
module Data . T i l i n g

( module Data . T i l i n g . Class
, module Data . T i l i n g .Quad

25 ) where
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import Data . T i l i n g . Class
import Data . T i l i n g .Quad

3 Data/Tiling/Quad.hs

{−# LANGUAGE DeriveDataTypeable #−}
{− |
Module : Data . T i l i n g .Quad
Copyright : ( c ) Claude Heiland −Allen 2011

5 License : BSD3

Maintainer : claude@mathr . co . uk
S t a b i l i t y : unstab le
Po r t a b i l i t y : po r tab l e

10

Simple s ub s t i t u t i o n t i l i n g with each square d iv ided in to four quadrants
( with no r o t a t i on ) .
−}
module Data . T i l i n g .Quad

15 ( Quadrant ( . . ) , i sNorth , isSouth , isWest , i sEast , quadrants
, Quad ( . . ) , quadChild , quadParent , quadPath , quadFi le
, module Data . T i l i n g . Class
) where

20 import Data . Data (Data )
import Data . Typeable ( Typeable )
import Data . B i t s ( b i t , sh i f tL , sh i f tR , t e s tB i t , ( . | . ) )
import Data . L i s t ( un fo ld r )
import Data . Ratio ((%) )

25

import Data . T i l i n g . Class

−− | A square t i l e .
data Quad = Quad{ quadLevel : : ! Int , quadWest , quadNorth : : ! I n t eg e r }

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

−− | Subs t i t u t i on t i l i n g f o r square t i l e s .
i n s t ance T i l i n g Quad where

root = Quad 0 0 0
35 ch i l d r en q = map ( ‘ quadChild ‘ q ) quadrants

parent q = snd ‘ fmap ‘ quadParent q
e x t e r i o r (Quad l x y ) =

l e t d = b i t l
in r e c t ang l e ( x % d) ( ( x + 1) % d) (y % d) ( ( y + 1) % d)

40 i n t e r i o r = e x t e r i o r
i n s i d e q r = e x t e r i o r q ‘ ins ideR ‘ r
e n c l o s e s q r = r ‘ ins ideR ‘ i n t e r i o r q
out s id e q r = e x t e r i o r q ‘ outsideR ‘ r
ove r l ap s q r = e x t e r i o r q ‘ overlapsR ‘ r

45

−− | Which quadrant .
data Quadrant = NorthWest | NorthEast | SouthWest | SouthEast

d e r i v i ng (Read , Show , Eq , Ord , Enum, Bounded , Data , Typeable )

50 i sNorth , isSouth , isWest , i sEa s t : : Quadrant −> Bool
i sEa s t c = fromEnum c ‘ t e s tB i t ‘ 0

5
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i sSouth c = fromEnum c ‘ t e s tB i t ‘ 1
i sNorth = not . i sSouth
isWest = not . i sEa s t

55

−− | Al l quadrants .
quadrants : : [ Quadrant ]
quadrants = [minBound . . maxBound ]

60 −− | The ch i l d t i l e at a g iven quadrant .
quadChild : : Quadrant −> Quad −> Quad
quadChild c Quad{ quadLevel = l , quadWest = x , quadNorth = y } = Quad

{ quadLevel = l + 1
, quadWest = x ‘ sh i f tL ‘ 1 . | . ( f r omInteg ra l . fromEnum . i sEa s t ) c

65 , quadNorth = y ‘ sh i f tL ‘ 1 . | . ( f r omInteg ra l . fromEnum . i sSouth ) c
}

−− | The parent with quadrant in fo rmat ion f o r the t i l e . S a t i s f i e s :
−−

70 −− > quadParent ( quadChild c q ) == Just ( c , q )
quadParent : : Quad −> Maybe (Quadrant , Quad)
quadParent Quad{ quadLevel = l , quadWest = x , quadNorth = y }

| l > 0 = Just
( toEnum (fromEnum (y ‘ t e s tB i t ‘ 0) ‘ sh i f tL ‘ 1 . | . fromEnum (x ‘ t e s tB i t ‘ 0)⤦

Ç )
75 , Quad{ quadLevel = l − 1 , quadWest = x ‘ sh i f tR ‘ 1 , quadNorth = y ‘ sh i f tR ‘⤦

Ç 1 }
)

| otherwi s e = Nothing

−− | The path from th i s t i l e to the root . S a t i s f i e s :
80 −−

−− > f o l d r quadChild root ( quadPath q ) == q
quadPath : : Quad −> [ Quadrant ]
quadPath = unfo ld r quadParent

85 −− | Suggested f i l e system l o c a t i o n f o r data pe r t a i n i ng to a ’Quad ’ .
quadFi le : : Quad −> Maybe ( [ Fi lePath ] , Fi lePath )
quadFi le q

| nu l l c s = Nothing
| otherwi s e = Just ( i n i t cs , l a s t cs )

90 where
−− based on a sugge s t i on from Robert Munafo <http ://mrob . com>.
c s = chunk 2 . map unsafeName . chunk 2 . r e v e r s e . quadPath $ q
unsafeName : : [ Quadrant ] −> Char
unsafeName [ c ] = [ ’ a ’ . . ’ d ’ ] ! ! ( fromEnum c )

95 unsafeName [ c , d ] = [ ’ e ’ . . ’ t ’ ] ! ! ( fromEnum c ‘ sh i f tL ‘ 2 . | . fromEnum d)
unsafeName = e r r o r ”Data . T i l i n g .Quad . quadFi le . unsafeName”
chunk : : Int −> [ a ] −> [ [ a ] ]
chunk [ ] = [ ]
chunk n xs = l e t ( ys , z s ) = sp l i tA t n xs in ys : chunk n zs

4 .gitignore

d i s t

5 LICENSE
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tilings Setup.hs

Copyright ( c ) 2011 , Claude Heiland −Allen

Al l r i g h t s r e s e rved .

5 Red i s t r i bu t i on and use in source and binary forms , with or without
mod i f i ca t i on , are permitted provided that the f o l l ow i ng cond i t i on s are met :

∗ Red i s t r i bu t i on s o f source code must r e t a i n the above copyr ight
not i ce , t h i s l i s t o f c ond i t i on s and the f o l l ow i ng d i s c l a ime r .

10

∗ Red i s t r i bu t i on s in binary form must reproduce the above
copyr ight not i ce , t h i s l i s t o f c ond i t i on s and the f o l l ow i ng
d i s c l a ime r in the documentation and/or other mat e r i a l s provided
with the d i s t r i b u t i o n .

15

∗ Neither the name o f Claude Heiland −Allen nor the names o f other
c on t r i bu t o r s may be used to endorse or promote products der ived
from th i s so f tware without s p e c i f i c p r i o r wr i t t en permis s ion .

20 THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
”AS IS” AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

25 SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES ; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY , WHETHER IN CONTRACT, STRICT LIABILITY , OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE

30 OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

6 Setup.hs

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

7 tilings.cabal

Name : t i l i n g s
Vers ion : 0 . 1
Synops is : s ub s t i t u t i o n t i l i n g s
Desc r ip t i on :

5 Subs t i t u t i on t i l i n g s . The term sub s t i t u t i on , in connect ion with t i l i n g s ,
d e s c r i b e s a s imple but power fu l method to produce t i l i n g s with many
i n t e r e s t i n g p r op e r t i e s .
.
The main idea i s to use a f i n i t e s e t o f bu i l d i ng b locks c a l l e d p r o t o t i l e s ,

10 an expanding l i n e a r map ( the i n f l a t i o n f a c t o r ) , and a ru l e how to d i s s e c t
each s ca l ed t i l e i n to cop i e s o f the o r i g i n a l p r o t o t i l e s .
.
For some examples o f s ub s t i t u t i o n t i l i n g s , and a g l o s s a r y o f terminology ,
s ee the / t i l i n g s encyc loped ia /

15 at <http :// t i l i n g s . math . uni− b i e l e f e l d . de/>

Homepage : http :// code . mathr . co . uk/ t i l i n g s
L icense : BSD3
License − f i l e : LICENSE
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20 Author : Claude Heiland −Allen
Maintainer : claude@mathr . co . uk

Category : Math
Build−type : Simple

25 Cabal−ve r s i on : >=1.2

Library
Exposed−modules : Data . Ti l ing , Data . T i l i n g . Class , Data . T i l i n g .Quad
Build−depends : base >= 4 && < 6

30 GHC−opt ions : −Wall −fno−warn−dup l i ca te −export s
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