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- and ++, and concat

- cons an element onto a list
a ->[a] ->[a]

1 :[2,3,4] ==>[1, 2, 3, 4]

++ concatenates two lists
[a] -> [a] -> [a]

[1] ++ [2, 3, 4] ==>[1, 2, 3, 4]

concat : concatenate a list of lists

[[a] ]->[a]

concat [ [1, 2], [3,4,5] | ==>[1, 2, 3, 4, 5]

http://stackoverflow.com/questions/1817865/haskell-and-differences
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any

any :: (a -> Bool) -> [a] -> Bool
anyp=or.mapp

or :: [Bool] -> Bool
or [] = False
or (x:xs) = x || or xs
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span

span :: (a -> Bool) ->[a] -> ([a], [a] ) tuple
spanp []=([][])
span p (x:xs) =if p x then ( x:ys, zs)

else ([], x:xs)

where (ys, 2zS)=spanp xs

span (< 3)[1,2,3,4,1,234]1==([1,2],/3,4,1,2,3,4])
span (<9)[1.23]==([1.23,]])
span (<0)[1,2,3]==(|,[1,2,3])
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break

break :: (a -> Bool) -> [a] -> ([a], [a])
break p = span (hot . p)

break even [1,3,7,6,2,3,5] == ([1,3,7], [6,2,3,5] )
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Singleton element

single :: [a] -> Bool
single[ ]=True

single _ = False
single ['4’] = [ ]
single ['1’..'9'] =

[1, 2,3, 4,5, ‘6", ‘7", ‘8", ‘9] ==

[_1 ) _] fIrSt no matCh

second match
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Single cell expansion

single :: [a] -> Bool
single[ ]=True

single _ = False
(rowl, cs:row?2) = break (not . single) row
(rowsl, row:rows2) = break (any (not . single)) rows

= break (or . map (not . single)) rows

break (any (not . single)) rows
=[rows, []]

Bird’s Sudoku
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rows and cols

type Matrix a = [Row a] [[a]]
type Rowa =[aq]

rows ;. Matrix a -> [Row a]

rows . Matrix a -> Matrix a

rows = id id : identity function
If a matrix is given by a list of its rows
tt returns the same matrix

cols :: Matrix a -> [Row a]
cols .. Matrix a -> Matrix a
cols [xs] =[[X] | X <- xs]

cols (xs:xss) = zipWith (:) xs (cols xss)

transpose of a matrix

Bird’S SUdOkU 1 O Young Won Lim
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map (not . single)

(rowsl1, row:rows2)
(rowl, cs:row2)

[[(1%, (21 (3% (41 (5 (6l 7L (8 [91 1
[(91 (81 [71 [61 (5l [4 [3 [2] [11 1

) [ ['47], 1.9, ['1..9°], [1°..97], ['1..’9], ['1'..9°], [1°..97], ['5],  [6]] 1,
[[1.09, [1..97], ['1..97, ['1°..97, ['1..9°], [9], ['471], 1.9, ['1..79] ],
[[1.79, [1..97], ['1..97, ['47], 1.9, [2], [71.°97,['1.097], ['1..9]],
[[1.097, [1.097, [1.09, [1.90, [8],  [1.90,[1./91,[9], [3] 1]
[[1.09], [1..97], ['4], (1.9, ['1..9°], ['57], [T, [1..9, [1..797] ],
[[1.09, [1..9], ['57], ['37], [1..097], ['1..9°], [1..9°], [1°..'97], ['1°..’97] ],

[['1.09, [1..9], ['67], [17], ['1..97, ['1"..’97], ['9], (1.9, [1..9] 1]

"rows2

Haskell Overview 1 1 Young Wc;?6l7i1n71



(rowsl, row:rows?2)

(rowsl, row:rows2) = break (any (not . single)) rows
Ll Lo rows1
| 1
=) | 11 row
[ |
[ ],
[ ) ~roOws?2
[ ],
[ ],
[ 11
Matrix Choices = [Row Choices] [[ Choices |] [ [Digit] 1]
Haskell Overview 1 2 Young W05?6I7i1n71



(rowl, cs:row?2)

(rowl, cs:row2) = break (not . single) row

L[ ],

[ | rows1 ],

) [ ['4], ['1..97, [1..97], ['1"..’9°], ['1°..’9°], ['1'..79°], ['1..9], ['5], ['67] 1,
[ I,

[ ],

[ rows?2 1,

[ ],

[ ],

[ ]]

[[('41 1 ['1.09] [['1.09],[2..97, ['1..97], ['1..9], [1°..97], ['B], [6] ]

rowl CS row2

Haskell Overview 1 3 Young Won Lim
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expand

map cp

[[[1.9[1.09], [4],  [1.'91,[1.'91,[5], [7], [1./9], [‘1'..'9'E ) (e (=)
[[1.09], [1.097, [1.)9], [1..97, [1..9], [9, [4], [1..97] [1.'97], | |, ] eee cee
(131 6] (191, (1.9 (9] [1. ][9] (1.9].(8] ] Hﬂ” ”g” ”gu
8| U7)_ (20 (4] [1.9],[6]  [1.'9] [1.9] [1.19] [1.9]]
g [[1.097], ['1.097, ['1..97], ['41], [1.'90, 27, [1.797,[1.797, [1..97], . . .
| [[1.9)[1.91[1.9] [1.9][8] [1.9[1.91[9) [3] expand .. Matrix Choices -> [G”d]
© [['47], [1.097, [1.09], [1..097], [1.797], [1..97], [1..9], ['B7],  [6] >]
[[1.9], [1.9],[5], [3],  [1.9][1.9],[1./9], [1./9], [1./9]], expand = cp . map cp
v [[1.97], [1..97, ['6], [117, [1.797, ['1..'97, ['97, [1.797, [1.7971] _
cp.mapcp =[[[a]]]->[[[all]
Matrix Choices [Grid]
expand
Matrix [Digit] [Matrix Digit]
expand = concat . map expand . expandl
expandl :: Matrix [Digit] -> [Matrix [Digit]]
expandl rows = [rowsl ++ [rowl ++ [c]:row2] ++ rows2 | ¢ <- CS]
Bird’s S_udoku 14 Young Won Lim
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expandl

[l
! !

= [ ['4]], [1.097, [1.09], [1..97, [1..97, [1..97, [1..9], ['5], [6]
[

Partial Expansion + Pruning
Single Cell Expansion + Pruning
— hope to improve the speed

expandl
* First find a non-singleton element
» Perform single cell expansion

— e d d d —_—

[
[
[
[
[

c="1 over the found non-singleton
c="'2 « Then do the regular expand

c="'3 » Then concat the results (combine)
c — ‘41

c — ‘51

=G expand = concat . map expand . expandl
c — ‘71

c — ‘81

Haskell Overview 1 5 Young Wc;?6l7i1n71



expandl

expandl rows = [rowsl ++ [rowl ++ [c]:row2] ++ rows2 | ¢ <- cs]

['1’] ['2’] [3’] ['9’]

Il : Il Il Il .
[ ) [ [ [ .

] 1 ] ]
1 1 ! ]
(4] (1.9, (20T L0 [0 [0 LT 51 161 - {(], [2.5], [£OL L9 (18] (0L L85 6] ) 14, [2.9] (18] (0L 8 LT (9L 15T 6] ) 14, [2.9] (18] [0} L8 IO 9L 15 6] )
[ ] I ! [ ] [ ]
[ ! I ! [ ! 00 [ ]
[ ] I 1 [ ! [ ]
[ 1 I ! [ ] [ ]
[ ] | 1 [ ! [ ]
[ 1 | 1 [ 1 [ 1
.

expand expand expand expand

- -] MR- ) - -] - -]

- J
Y

concat

expand = concat . map expand . expandl

Haskell Overview 1 6 Young W05?6I7i1n71



expandl - scheme 1

cs =['1'..'9"]
any non-singleton element example

[ [rows] ++ [rowl ++ [‘1’]:row2] ++ rows2] ,
[rowsl ++ [rowl ++ [‘2’]:row2] ++ rows2] ,
[rowsl ++ [rowl ++ [‘3’]:row2] ++ rows2] ,
[rowsl ++ [rowl ++ [‘4’]:row2] ++ rows2] ,
[rowsl ++ [rowl ++ [‘57]:row2] ++ rows2] ,
[rowsl ++ [rowl ++ [‘67]:row2] ++ rows2] ,
[rowsl ++ [rowl ++ [‘7’]:row2] ++ rows2] ,
[rowsl ++ [rowl ++ [‘8’]:row2] ++ rows2] ]

expandl rows = [rowsl ++ [rowl ++ [c]:row2] ++ rows2 | ¢ <- cS]

Bird’s Sudoku
Expanding (4A) 17

c="'T
c='2
c="'3
c='4
c="'5
c='6
c="7
c="'8
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expandl - scheme 1

single :: [a] -> Bool
single [ ] =True
single = False

expandl :: Matrix [Digit] -> [Matrix [Digit]]
expandl rows = [rowsl ++ [rowl ++ [c]:row2] ++ rows2 | ¢ <- cS]

where
(rowsl, row:rows2) = break (any (not . single)) rows
(rowl, cs:row2) = break (not . single) row

cs =['1'..'9"] assumed

[rowsl ++ [rowl ++ [c]:row2] ++ rows2]

Bird’s Sudoku

Young Won Lim
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expandl - scheme 1

expandl :: Matrix [Digit] -> [Matrix [Digit]]
expandl rows = [rowsl ++ [rowl ++ [c]:row2] ++ rows2 | ¢ <- cS]
where
(rowsl, row:rows2) = break (any (not . single)) rows
(rowl, cs:row2) = break (not .single) row

If all the elements of a matrix are singletons, then
break (any (not. single)) rows - [rows, []]
And expand1 returns error

Also, this expand1l is not efficient

Young Won Lim

Bird’s Sudoku
1 9 5/6/17
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(rowsl, row:rows?2)

[l b owet [l ]
[ 11 [ ]
=) [ 11 } row [ ]
[l I [ ]
[ 1 [ ] rowsl
[ b -rows2 : ]
[ 1, [ ]
[ 1, [ 1
[ 11 [ 1
-
:g\‘;vvsz
If all the elements of a matrix are singletons, then
break (any (not . single)) rows - [rows, []]
and expandl1 returns error
also, this expandl is not efficient
Haskell Overview 2 O Young Won Lim
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ldentifying quickly the case of no solution

Non-singleton entry is an empty list
expandl will return the empty list
expandl will waste its work

If it is buried deep in the matrix

Haskell Overview 2 1 Young W05?6I7i1n71



ldentifying quickly the case of no solution

expandl
* First find an entry with the smallest
number of choices (not equal to 1)
» Perform single cell expansion
over the selected entry
* Then do the regular expand
* Then concat the results (combine)

This may be a better choice of cell on which to perform expansion
A cell with no choices means that the puzzle is unsolvable
It enables us to figure out such a cell quickly

Haskell Overview 2 2 Young Wc;?6l7i1n71



expandl - scheme 2

expandl :: Matrix [Digit] -> [Matrix [Digit]]
expandl rows = [rows1l ++ [rowl ++ [c]:row2] ++ rows2 | ¢ <- ¢S]

where
(rowsl, row:rows2) = break (any smallest) rows
(rowl, cs:row2) = break (smallest) row
smallest cs = length cs ==
n = minimum (counts rows)

counts = filter (/= 1) . map length . concat

Bird’s Sudoku

Young Won Lim
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expandl - scheme 2

concat rows

[ [1],  [2],
[9],  [¥],

(41, [T

[1.097, [1..
[1.097, [1..
[1.097, ['1..
[1.097, [1..
[1.097, ['1..
[1.097, ['1..

(3], (4% (51, [6) [7L [8] [9]
(71 (61, (51 [4) (3] [2) [1]
9, [1.91, [1./9], [1./9], [1./9], [1.91, [§],  [6]
9, (1,91, [1./91, [1.91, (9], [4],  [1./9],[1./9]),
91 (1,91, [4],  [1.91,[2],  [1.9],[1./9],[1./9]
9, [1./91, [1./91, [8],  [1./91,[1./91,[9], [3]
o1, (4%, [1.90[1.9L 5], (7] [1.9][1.9]),
o1 [5),  [3],  [1./97 1.9 [1./9],[1./9],[1./9] ,
o1, [6],  [1],  [1.09][1.090,[9]  [1.797[1./9] ]

counts = filter (/= 1) . map length . concat

Haskell Overview

Young Won Lim
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map length . concat rows

_. concat rows

[ rv, [z}, [3], [4], [3], [¥}, [1], [®B, [®]
(¥ [#},  [1], [a], [%¥], [¥}, [%], [®} [1]
(4}, [9.,9](9.,9][9.,9][9.,9]@,9] 9,9, B}, [B] ,
(9,9, [9.,9], [9.,9],[9.,9, [9.,9, [®], [4], [9,9][9.9],
(9.,9], [9.,9], [9.,9] 4], [9.,9] R} [9.,9][9,9][9.9],
'9.,9], [9.,9], [9.,9] ['9.,97 (4], [@,9]@,9],®] [B] ,
'9.,9], [9.,9], 2], [9.,9][9.,9] [} [¥], [9,9]@".9],
'9.,9], [9.,9], [¥], [], [9.9] @L,’9] 81,97 81,9, 081.97,,
'9.,9], [9.,9], [¥], [1], [9.,9] 0,979 91,.9] @'.9] ]

counts = filter (/= 1) . map length . concat

Haskell Overview 2 5 Young W05r/16|7i1r9



counts rows

filter (/= 1) . map length . concat rows

[
9 ] 9 ’ 9 ] ’ 9 ’ 9 ]
9 ’ 9 ’ 9 ’ ’ ’ ] ’
9 ] 9 ’ 9 ] ] 9 y y ]
9 3 9 ] 9 y 9 L) 9 ] 7
9, 9, 9, 9, 9, 9 :
9 ) 9 ) ) ) 9 ) ) )
9 ) 9 ] ] ] 7 9 ]
counts = filter (/= 1) . map length . concat
i Yt Won Li
Haskell Overview 26 oung 05?6/|1n71



Matrix pigit & MatrixX Choices

[['0, 0, 4,0, 0,5, 7,0, ‘0], [[[1.91, ['1..97], ['4], (1.9, ['1..91, ['571, [T, [1..91], ['1..971],
[0, 0,0, ‘0", ‘0", ‘9", ‘4, ‘0", ‘0'], [[1.797, ['1..9], [1..97, ['1"..9], [2..79°], ['97],  ['41], [1..97, ['1..'9'] ],
(3,6, 0, 0,0, 0,0, 0, 8], [[3), 6] [1.9][1.°9] [1.9] [1..9], [1.09], [1./91,[8] ],
(7,2, 4,0, 6, 0, 0, 0, 0], [[71. [2] [4]  [1.9L[6]  [1.'9][1.97, [1./9], [1./9]],
[0, ‘0", ‘0", 4, ‘0, 2, ‘0, ‘0, ‘0], [[1.09, [1./9], [1./9, 4], [1.9],[2],  [1./9],[1.'97 [1./9]],
(0,0, 0, 0, 8,0, 0", ', F], [[1.097 [1..9], [1./97, 1,91, [8],  [1.'9][1.91,[9]  [3] ],
[‘4,0, 0,0, 0, 0,0, ‘5, ‘6], [['4], [1..91], ['1..97], ['1..97, ['1..97, ['2..97, [1°..9], ['5], [6] 1,
[0, 0,5, '3, 0,0, ‘0", ‘0", ‘0'], [[1.097, [1.091,[5],  [31  [1.097],[1.797] [1.09], [1..97, [1./97],
[0, 0,6, 1,0, 0, ‘9,0, ‘O] ] [[1..97, ['1..9], ['6], [17], [1..97, ['1..9°], ['97], [1..797, ['1..9111]
Matrix Digit = [Row Digit] = [[Digit]] Matrix [Digit] = [Row [Digit]] = [[[Digit]]]
= Grid = Matrix Choices

Bird’s Sudoku Young Won Lim
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Type Definitions

type
type

type
type
type

Digit =
Choices =
Row a =
Matrix a =

Grid =

Matrix Digit
Matrix [Digit]

Matrix Choices

Bird’s Sudoku
Expanding (4A)

Char ‘1’

[Digit] [1, 2", ‘3]
[a]

[Row a]

Matrix Digit

= [Row Digit] = [[Digit]]

= [Row [Digit]]

[[Digit]]

[[Choices]] = [[[Digit]]]

= [Row Choices]

Young Won Lim
28 5/6/17



[Row Digit] and [Row [Digit]]

type Row a = [4]

Row Digit = [T, ‘2", ‘3]

[Row Digit] =[[1, ‘2, ‘3],
[4,°5', 6,
(7,8, 9]

Row [Digit] =[[17], ['27], ['37]

[Row [Digit]] =[[['17], ['2], ['37]],
(41, 5], ['671],
(71, 81, [91] ]

Bird’S SUdOkU 2 9 Young Won Lim
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Grid and Choices

Grid

Matrix Digit

Matrix Digit
- Matrix [Digit]

- Choices =

> Grid

Bird’s Sudoku
Expanding (4A)

[['0,0,4,'0,'0,'5,'7,'0, 0]
['0,0,'0,0,0,'9,4,'0,'0'],
[3,'6, 0,0, 0,0,0,0, 8],
[7,2,'4,'0,'6,'0,'0,'0,'0"],
[0,0,0,4,0,2,'0,0,'0]
[0,0,'0,'0,'8,'0,0,'9, 3],
[4,'0,'0,'0,'0,'0,0,'5,'6],
[0,0,'5,3,'0,'0,0,'0,'0],
[0,0,', 1, '0,0,'9,'0,'0]]
= [Row Digit] [[Digit]]

= [Row Digit]
= [Row [Digit]]

[Digit]
Matrix Digit

30

[[[1.097, [1.)9], [4],  [1.79] [1./97, ['5],
[[1./9], [1.79], [1..97, [1..97], [1..97], [9],
[[37, [1.097, [1.09], [1.79], [1./97, [1..97, [1"..

[[71],

[[1..97, [1.79], [1..97], [47],

[[1.097, [1..

[r47,

[[1./97, [1..

[[1./97, [1..

Matrix Choices =

[l6’]1
[‘2']1

[1..

(4], [1.9].[6],

91, ['1..97, ['1..97, ['81],

97, ['51,
9], [67],

[31,
[11,

[Row Choices]

[[Digit]]
[[[Digit]]]

[1..797, ['27],

‘97, [1../97, [1..97, [1.797], [1"..
[1./97, [1..
[1.97, [1..

[771, [1.797, ['1..91],
(41, [1.97,[1.97]
9187 1
[1.°97, [1..97], [1..97, ['1..91],
[1.797 ['1..97, ['1..97],
(1,091, (191,91, [3] ]
o1 1.9, [5],  [6] ],
91, ['1.097], [1..97, ['1..91 ],
o1.[9],  [1.9][1./9]]]

[[ Choices ] [[ [Digif] 1]

Young Won Lim
5/6/17



complete

complete :: Matrix [Digit] -> Bool single :: [a] -> Bool

complete = all (all single) single[ _]=True
single _ = False
single ['4’] - True

Single ['1'.."9'] - False

all [alsingle [[17, [21 [3, [4], [51 [61 [7 [8] [91 |
allsingle [T'9],  [81 [7], [e6], [5 T[4 [3] [2] [1] |,
all single [[4],  [1.79], [1.797], [1../97], [1..9], [1..9], [1..91, [5], [6] |,
all single [ [1.097], [1.797], [1.)97], ['1.97, [2.'9], [9], [4],  [1.°9] [1.'9]],
all single [ [2.097], [1.797], [1.797], [4],  [1.°90,[2], [1./9] [1.°97 [1.'9]],
all single [ [2.097], [1.797], [1.)97], [1.°97, ['®],  [1..9] [1. 91, [9], [3] |
all single [ [2.097], [1.797], [4],  [1.'91 [1.'91,[5], [71  [1./91 [1.'9]],
all single [ [2.09], [1.09], [5],  [31  [1.°97 [1..9], [1..9], [1..97], [1..97] ],
all single [[1.097, [1.797, ['6],  [1],  [1..9], [1.'91[9], [1./9] [1.79]]]

Bird’s Sudoku

Young Won Lim
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all

all :: (a -> Bool) -> [a] -> Bool

Determines whether all elements of the structure satisfy the predicate.

all (>O)@‘i

Bird’s Sudoku

Young Won Lim
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safe, ok

safe :: Matrix [Digit] -> Bool

safe cm = all ok (rows cm)
all ok (cols cm)
all ok (boxs cm)

ok row = nodups [x | [X] <- row]

[X | x <-[0..100], odd x]
{x | x € [0..100], odd x}

ok [[1],  [2], [3]  [4]

nodups | ‘1, ‘2, ‘3, ‘4,

&&
&&

[[[1.09], [1.9], [4],  [1.'9] [1.791,[5], [7],
[[1..97, [1.79], [1.79], [1./9T, [1.'9], [9],  [4],
[[3], [6] [1./9] [1.)97], [1..9], [1..9], [1..
(7], (2] (4]  [1.9],[6]
[[1..97, [1./9], [1..97, [4],
[[1./9], [1.79], [1..97, [1..97, [8],

[[1.09, [1./91,[5],  [3],
[[1.97. [1./91,[6],  [1],

Matrix Choices = [Row Choices]

Matrix [Digit] = Matrix Choices

[[ Choices ]]

[1./97 [1..91],
[1.)97, [1./97],

91, (1.9, [8] ],
[1.097, [1..
[1.090,[2], [1..
[1.097, [1'..
[[47,  [1.9] [1./9], [1./97], [1..97, [1..9], [1"..
[1.097, [1.79], [1'..
[1.097, [1..91, [9],

91, [1..791, [1..97 ],
91, [1.79], [1..97 ],
91,191, [31 1
9151, 61 ]
97, [1.97, [1..97],
[1.'97, [1.797]]

([ [Digit] 1]

Bird’s Sudoku
Expanding (4A)

Young Won Lim
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valid, nodups

valid :: Grid -> Bool [170.70,4.70, 10,5, 77, 0. 0]
. [0,0,'0,0,0,'9,'4,'0,'0],
valid g = all nodups (rows g) && [3.6,0,0,0, 0, 0,0, B'],
all nodups (cols g) && Matrix Digit = Grid AN
[0,0,0,'0,'8,'0,'0,'9, 3],
all nodups (boxs g) 40000 O T ]
[0,0,5,3,'0,'0,0,'0,0],
[0,0,', 1, '0,'0,'9,'0,'0]]
nodups :: Eq a => [a] -> Bool
nodups [] = True
nodups (x:xs) = X notElem” xs && nodups xs
[ 1, 2, 3, 4]
AR
2 [3, 4]
s
3 [4]
Bird’S SUdOkU 34 Young Won Lim
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complete, safe

complete :: Matrix [Digit] -> Bool
complete = all (all single)

safe :: Matrix [Digit] -> Bool

safe cm = all ok (rows cm)&&
all ok (cols cm) &&
all ok (boxs cm)

ok row = nodups [x | [X] <- row]

Bird’S SUdOkU 35 Young Won Lim
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complete, safe

A safe matrix: No duplicates

« Singleton choices do not have duplicates in any row, column, or box.
But it can have non-singleton choices
Pruning can introduce unsafe matrices.
But if a matrix is safe after pruning, it must be safe before pruning.
safe . prune = safe

A complete matrix: All singletons
* No non-singleton choices in any row, column, or box.
« A solution must be safe and complete

Bird’s Sudoku

Young Won Lim
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Expand Types

map cp
((re.o], (1.9, (41, [1.797 [1.97, 5] [7]  [1.'9], [‘1'-.‘9'7 o,
[[1.91,[1./97, [1../97], [1./9], [1..97, [91,  [4],  [1.79] [1.'97],
(3, [61 [1.9][1.09] [1.9], [1.'97, [1..97], [1..91,[8] ],
(7, r2], 41 [1./97[6],  [1.'97 [1.'9], [1../97] [1.'97],
[[1.097, [1.097], [1.97, [4],  [1.79],[2], [1.'9], [1./9], [1..97]],
[[1.097, [1.79], [1.97, [1.9, [8],  [1.797],[1.79], [9], [3] »]
(r41,  [1.090,[1.097, [1.09], [1..9, [1.797], [1.091, [5],  [6] I, L4,
[[1.9][1.09],[5],  [3],  [1.79],[1.79],[1..9], [1./9], [1.797], [0,
[[r.090, (1.9 61, [V, [1.°9][1.'9],[9],  [1.'9] [1..97]] [0,

1111111111

~

L0, 0],
L0, 0],
L8],
0],
!
3],
L8],
0],
0]

111111111111

cp (map cp)

o)
S O 3 & A N o & O
o 0 S & 3 K 3 & K
H W 3 3 K 3 3 S S
S 3 S ® 3 & & S 3
S & 33N S 3 S »

© O O O O © o b»
O O U1 O O © o o

<

Matrix [Digit] = Matrix Choices Matrix Digit = Grid

[Matrix Digit] = [Grid]

) ,r

11 WL

Bird’s Sudoku
Expanding (4A)
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expand

map cp
[[[1.797, [1..97, ['47, [1.797, ['1.797, ['51,  [7], [1..97, [‘1’..’9‘E
[[2.9], 1.9, [1..097, ['1..797, ['1°.9°, ['97,  [4], [1.797, ['1..971],
= [[37], ['67], [1.097, ['1..97, ['1..97, ['1°.'97, ['2°..97], ‘1.9, ['8]] >] :
§ L7121 41 [1.9)[6] [1.9] [1.9] [1.'9] [1..9]} ‘ | eee
g [[1./97, ['1..97, ['1..'97, ['47], [1..97, ['27, [1..97, ['1..97, [‘1’..'9’&
o L[1.097,[1.9],[1.°9, [1.9], [8],  [1.'9],[1.'9],[9] [3] I,
°l 41, [1.91,[1.91,[1..9],[1.79], [1..9],[1..9],[5],  [6] ],
[[21..97, ['1..97, ['5], [31, [1..097, ['1..97, ['1..'97], ['1..97], ['1..'9 ],
V [[1.797, [1..91, ['67], [17, [1..917, ['1..97, ['97], [1..97,[1..97]1]
Matrix Choices : _ : [Grid]
expand :: Matrix Choices -> [Grid]
Matrix [Digit] expand = cp . map cp [Matrix Digit]
cp.mapcp =[[[a]]]->[[[a]l ]
Bird’S S_UdOkU 38 Young Won |_|m
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filter valid (expand m)

valid (expand m)

[Matrix Digit] = [Grid]

r )
([ vem],)  ([ee—— ] EEEES EN]
RS CEE). |, [ [CeEeT CEE] L& Nk 000 000
([FeEeT Tem].) ([PeEsT CEE. NN CEE].
\ /
Matrix Digit = Grid
[[0,'0,4,0,"0,'5, 7,0, 0],
[‘0,'0,'0, 0, 0,9, '4,'0,0],
[3,'6,'0,0,"0,'0,0,0, 8]
valid :: Grid -> Bool ['7.2, 4,06, 0,0, 0, 0],
. [‘0,'0,'0, 4,0, 2,0, ‘0", ‘0" ],
valid g = all nodups (rows Q) && [0,'0,0,0,'8,0,0,9,3]
[4,'0,'0, 0,0, 0, 0,5, 6],
all nodups (cols g) && 00 T 0 0O O],
all nodups (boxs Q) [0,°0,°6,1, 0, 0,9, 0, O]
Bird’s S_udoku 39 Young Won Lim
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concat . map expand . expandl

expand = concat . map expand . expandl

partial expandl  partial expandl partial expand1 partial expandl

expand expand expand expand

Ummﬂmw{ﬂﬂmwﬁWmﬂmmwiﬁﬂﬂmw]

N— 7
~—

concat

[Hﬂﬂmm BOEE - - BEEE - - mmmmm]

Haskell Overview 40 Young W05?6I7i1n71



filter valid (expand m)

For a safe and complete matrix:
filter valid (expand m)
[extract m]

For a safe and incomplete matrix:
filter valid (expand m)
filter valid . (concat (map expand (expandl m)))

Bird’S SUdOkU 4 1 Young Won Lim
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Safe and Complete Matrix Example

extract :: Matrix [Digit] -> Grid
extract = map (map head)

map
[[[17, (2], [3], 41, [51, [61, [71, [81, (911, [[1,2,'3, 45,6, 7,8, 9],
[[21,[31, [47, [51, [61, [ 71, [8], [91, [11],  [2,'3,4,'5,6,7,'8, 9, 1],
[[31,[41, [57, [61, [71,[81, [97, [1],[2]],  ['3,4,'5,6,7,'8,'9, 1, 2],
o | [[41.[51.[61.[71.[8].[9] [11.[21.[3]],  [4,'5.%6,7,'8,'9,1,2,'3]
E | [[51,[6][71[8, (91, [1],[2],[3], [4]],  [5,6,7,8, 9,1, 2,3, 4]
(161, (7, (87, [91, [11,[2], [31, [4),[51],  ['6,7,8,'9,1,2,'%, 4, 5],
[[71,[81, [97, [1], [2],[31, [47, [5), [61],  [7.'8,9,'1,2,'3,4, 5,6,
(181,197, (17, [2], [3], [41, [51, [61, [71],  ['8,'9,°1,2,'3,'4,'5, 6, T],
V097, [11,[2],[3, (4], [51. [61, [T (8111  [9,1,2,%,'4,'5, 6,7, 9],
ST 42 o



Safe and Incomplete Matrix Example

filter valid . (concat (map expand (expandl m)))

map head

map

[[[1], 27, [31. ['4]1. [5], ['67], ['7], ['81],
[[27], I3 [41. [51. 6], ['77], 8, ['91],
[[3T [41 [51. [61 ['7], ['87T, [97. ['11],
[[41 57 [61. [7], ['8], [97 [T, ['2],
[[57T, ['67T [71, [81 [9], [17], 2], ['31],
[[e] 71 81, [91, ['1], [27], 37, ['41],
L7181 [91. [11, ['27], [37, [41. ['51],
[[87] [97 [1]. [2], [3], ['4], [, ['67],

vV [[91 [1] [27] [31, [4], ['5]. ['67, [7],

(1.
(2.
(3.
(4.
(5.
[6..
(7.
(8.
[1..

9711, non-singleton choices
911, are allowed

911,
911,
911,

911,

911,

911,
971 ]

Bird’s Sudoku
Expanding (4A)
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Point free style

fn x = ceiling (negate (tan (cos (max 50 x))))

fn = ceiling . negate . tan . cos . max 50

Bird’S SUdOkU 44 Young Won Lim
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filter valid . expand

filter valid . expand
expand = concat . map expand . expandl

= filter valid . concat . map expand . expandl
filter p . concat = concat . map (filter p)
= concat . map (filter valid) . map expand . expandl
map (filter p) . map expand = map (filter p . expand)

= concat . map (filter valid . expand). expand1l

Bird’S SUdOkU 45 Young Won Lim
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concat . map (filter valid . expand) . expandl

filter valid . expand = concat . map (filter valid . expand) . expandl

partial expandl  partial expandl partial expand1 partial expandl

filter valid . filter valid . filter valid . filter valid .
expand expand expand expand
[ - ) - - - - - - ]
concat
[Hﬂﬂmm BIEE - - BEE - - ﬁﬂﬂmm]
Haskell Overview 46 Young W05?6I7i1n71



Various valid expansion

filter valid . expand
filter valid . expand . prune
search

concat . map (filter valid . expand). expandl

concat . map (filter valid . expand . prune) . expand1l
concat . map search . expandl

search = filter valid . expand . prune

Bird’s Sudoku

Young Won Lim
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Valid Expansion

filter valid . expand

filter valid . expand . prune

concat . map (filter valid . expand) . expandl

concat . map (filter valid . expand . prune) . expandl

\(expandl L

Young Won Lim
48 5/6/17
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Partial expansion version of expand

filter valid . expand
= concat . map (filter valid . expand) . expandl
partial expansion version

filter valid . expand . prune
= concat. map (filter valid . expand . prune) . expand1l
partial expansion version

search = filter valid . expand . prune

search
= concat.map search . expandl
partial expansion version

Bird’S SUdOkU 49 Young Won Lim
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search

search = filter valid . expand . prune

For a safe and incomplete matrix:

search = concat . map filter valid . expand . prune . expandl
search = concat . map search . expandl

filter valid . expand

= concat . map (filter valid . expand) . expandl

filter valid . expand . prune
= concat . map (filter valid . expand . prune) . expandl

expand = concat . map expand . expandl

Bird’S SUdOkU 50 Young Won Lim
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solve

search = concat . map search . expandl . prune

solve = search . choices

solve2 :: Grid -> [Grid]
solve2 = search . choices

search :: Matrix Choices -> [Grid]
search cm
| not (safe pm) =[]
| complete pm = [extract pm]
| otherwise = concat (map search (expandl pm))
where pm = prune cm

Bird’s Sudoku

Young Won Lim
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Matrix pigit & MatrixX Choices

O O o0 © O O o o

=)
© O © oo N o O S
o U0 © & & K O © X
EF WU ©Q & K © & © &
O QO © ¥ & & © & A&
© © © O N © o © un
© O © & © & & K J

', 0%, ‘0], [[[1.97, [1..97, [4],
Lo, [[1.'97, [1./97], [1.'97, [1./97], [1.'97, [9], [4],  [1.'97 [1.'97],
X3 [[3]  [6], [1.9[1./91], [1./9], [1./97, [1./97, [1./9, [8] 1,
L0, [([71 21 [4],
o, [[1.797 [1.9], [1.797, [4],  [1./9],[2], [1.'9], [1.'97, [1..97],
3, [[1.'97, [1./97], [1.'97, [1./9, [8],  [1.9],[1./91,[9], [3]1 1,
L6, [[4]  [1.097],[1.'97 [1./97], [1.'97, [1./9], [1.'91, [5], [6] I,
L0, [[1./97, [1./91, [,
V0] [[1./9], [1'9], [6],

[1..97 [1.9], ['51,  [71], [1..97, [1..97],

[1..91 61,  [1.797[1.97, [1..9], ['1..91],

['37, (1.9, ['1..97, ['1..097, ['1..97, ['1"..'91 ],
(11, (1.9 [1.97, (9],  [1.9], [1./97]]

Matrix Digit =[Row Digit] = [[Digit]] Matrix [Digit] = [Row [Digit]] = [[[Digit]]]

= Grid = Matrix Choices

solve2 :: Grid -> [Grid] search :: Matrix Choices -> [Grid]

| 1

Bird’s Sudoku

i
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many

solve = filter valid . expand . prune . choices
many . (ega)=>(a->a)->a->a
many f x =if x ==y then x else many fy
wherey = f x

solve = filter valid . expand . many prune . Choices
Apply prune recursively until no more pruned matrix.
Yy = many prune x

y1l = prune x

y2 = prune y1

y3 = prune y2

yn = prune yn-1

Bird’s Sudoku

Young Won Lim
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choices function examples

[[[1.09], 1.9, [147,

[1..

[[1.°97, [1..9], [1..97], 1.
[[3], [6] [1.09][1.09],[1./9] [1.9],[1.9],

[[71,  [2]  [4]

[1..

[[1.°97, ['2.797, [1..97], ['4],
[[1.09], 2.0, (1.9, ['1.097, [87,

[[1.097, 1097, ['57],
[[1.09], 1.9, ['67],

type Grid

Haskell Overview

['37,
[17,

91, [1..
911090, 191, 4],

971, [61]
[1..

[1..
[1..

91, ['1.”
971, ['1..

(=)
©O & © & A N oo o o
o U1 © & © K © & K
B WO & K 3 & & o
S O S ¥ S o0 & S O

95,181, [7],

[1..97, ['1..797],

9l 12) (1.9,
o1, (1.9, [9,
[[47], [r..on [r.0ol ['r.09], ['1..97], ['1..97, [1..97, ['57],
9,
9,

[1.)

[97,

Matrix Digit

O O O O N O O ©w u
© O O O O o o »~»

O O U1 © O O O O o

SIS

L0,

L3,

L0,

[1.797, [1..97],
[1.797, [1..97],

[1.)97,

[8]

1,

[1.797, [1..97],
[1.097, [1.797],

[3]
[67]

1,
1,

[1.097], [1..9], [1..97],

[1.797, [1.7971]

54

[Row Digit]

[[Digit]]
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Function: choices

choices :: Grid -> Matrix Choices digits :: [Digit]
choices = map (map choice) digits = [1'..'97]
where choiced |blankd = digits blank :: Digit -> Bool
| otherwise = [d] blank = (=="0’)

choices :: Grid -> Matrix [Digit]
choices = map (map choice)
choiced =if blankd then digits  else [d]

Installs the available digits for each cell
If the cell is blank, then all digits for possible choices
else there is only one choice and a singleton is returned

Matrix Choices Grid

choices
Matrix [Digit] Matrix Digit

Bird’S SUdOkU 5 5 Young Won Lim
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break, any, or

break :: (a -> Bool) -> [a] -> ([a], [a])
break p = span (not . p)

break even [1,3,7,6,2,3,5]
==> ([1,3,7], [6,2,3,5])

any :: (a -> Bool) -> [a] -> Bool
anyp=or.mapp

or :: [Bool] -> Bool
or [] = False
or (X:xs) = x || or xs

Bird’S SUdOkU 5 6 Young Won Lim
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expandl ver 1.

single :: [a] -> Bool
single [ ] = True
single = False

expandl :: Matrix [Digit] -> [Matrix [Digit]]
expandl rows
= [rows1l ++ [rowl ++[c].row2] ++ rows2 | ¢ <- cs]

where
(rowsl, row:rows2) = break (any (not . single)) rows
(rowl, cs:row2) = break (not .single) row

break (any (not . single)) rows = [rows, []]

Bird’S SUdOkU 5 7 Young Won Lim
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expandl ver 2.

expandl :: Matrix [Digit] -> [Matrix [Digit]]
expandl rows
= [rows1 ++ [rowl ++ [c]::row2] ++ rows2 | ¢ <- ¢S]

where

(rowsl, row:rows2) = break (any smallest) rows
(rowl, cs:row?2) = break smallest row
smallest cs = length cs ==

n = minimum (counts rows)

counts = filter (/= 1) . map length . concat

Bird’S SUdOkU 58 Young Won Lim
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complete, safe

complete :: Matrix [Digit] -> Bool
complete = all (all single)

safe ;. Matrix [Digit] -> Bool

safe m = all ok (rowscm) &&
all ok (cols cm) &&
all ok (boxs cm)

ok row = nodups [x | [X] <- row]

Bird’S SUdOkU 5 9 Young Won Lim
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filter valid . expand

extract :: Matrix [Digit] -> Grid
extract = map (map head)

filter valid (expand m) = [extract m]

filter valid . expand
= filter valid . concat . map expand . expandl

filter p . concat = concat . map (filter p)
concat . map (filter p . expand) .expandl

concat . map (filter p . expand . prune) . expandl

Bird’S SUdOkU 60 Young Won Lim
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solve

search = concat . map search . expandl . prune

solve = search . choices

search cm

| not (safe pm) =]

| complete pm = [extract pm]

| otherwise = concat (map search (expandl pm))
where pm = prune cm

Bird’S SUdOkU 6 1 Young Won Lim
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solve

solve = filter valid . expand . prune . choices
many :: (eqa)=>(a->a)->a->a

many f x = if x ==y then x else many fy
wherey = f x

solve = filter valid . expand . many prune . choices

Bird’S SUdOkU 62 Young Won Lim
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Single-Cell Expansion (1)

expandl :: Matrix Choices -> [Matrix Choices]
expandl rows =
[rowsl ++ [rowl ++ [c]:row2] ++ rows2 | ¢ <- CS]

where

(rowsl,row:rows2) = break (any smallest) rows
(rowl,cs:row2) = break smallest row

smallest cs = length cs ==

n = minimum (counts rows)

counts = filter (/=1) . map length . concat

Bird’s Sudoku

Young Won Lim
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Single-Cell Expansion (2)

> solve2 :: Grid -> [Grid]
> solve2 = search . choices

> search :: Matrix Choices -> [Grid]

> search cm

> |not (safe pm) =]

> |complete pm = [map (map head) pm]

> |otherwise = (concat. map search . expandl) pm
> where pm = prune cm

> complete :: Matrix Choices -> Bool
> complete = all (all single)

> single [ ] = True
> single = False

Bird’s Sudoku

Young Won Lim
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Single-Cell Expansion (3)

> solve2 :: Grid -> [Grid]
> solve2 = search . choices

> search :: Matrix Choices -> [Grid]

> search cm

> | not (safe pm) =]

> | complete pm = [map (map head) pm]

> | otherwise = (concat . map search . expandl) pm
> where pm = prune cm

> complete :: Matrix Choices -> Bool
> complete = all (all single)

> single [ ] = True
> single = False

Bird’s Sudoku

Young Won Lim
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Single-Cell Expansion (4)

> safe :: Matrix Choices -> Bool

> safe cm = all ok (rows cm) &&
> all ok (cols cm) &&
> all ok (boxs cm)

> ok row = nodups [d | [d] <- row]

Bird’S SUdOkU 66 Young Won Lim
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