A Sudoku Solver — Rules (2A)

* Richard Bird Implementation

Young Won Lim
2/1/17



Copyright (c) 2016 Young W. Lim.

Permission is granted to copy, distribute and/or modify this document under the terms of the GNU Free Documentation License, Version 1.2 or any later
version published by the Free Software Foundation; with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of the license is
included in the section entitled "GNU Free Documentation License".

Please send corrections (or suggestions) to youngwlim@hotmail.com.

This document was produced by using OpenOffice.

Young Won Lim
2/1/17


mailto:youngwlim@hotmail.com

Based on

Thinking Functionally with Haskell, R. Bird

https://wiki.haskell.org/Sudoku
http://cdsoft.fr/haskell/sudoku.html
https://gist.github.com/wvandyk/3638996

http://www.cse.chalmers.se/edu/year/2015/course/TDA555/lab3.html

Bird’s Sudoku Young Won Lim
Rules (2A) 3 2/1/17


https://wiki.haskell.org/Sudoku
http://cdsoft.fr/haskell/sudoku.html
https://gist.github.com/wvandyk/3638996
http://www.cse.chalmers.se/edu/year/2015/course/TDA555/lab3.html

Lawful laws (1)

rows . rows =id
cols . cols =id
boxs . boxs =id

ungroup . group = id
group . ungroup =id

map ungroup . ungroup . map cols . group .
ungroup . map cols . group . map group =

map ungroup . ungroup . map cols .
map cols . group . map group =

map ungroup . ungroup .
group . map group =id
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Lawful laws (2)

map rows . expand = expand . rows
map cols . expand = expand . cols
map boxs . expand = expand . boxes

map (map f) . cp=cp . map (map f)
filter (all p) . cp = cp . map (filter p)
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rows, cols, boxes composite functions

rows . rows =id
cols . cols =id
boxs . boxs =id

rows :: Matrix a -> [Row a]
rows = id

cols :: Matrix a -> [Row a]
cols [xs] =[[X] | X <- xs]
cols (xs:xss) = zipWith (:) xs (cols xss)

boxs :: Matrix a -> [Row a]

boxs = map ungroup . ungroup .
map cols .
group . map group
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rOws.rows, cols.cols, boxs.boxs
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group and ungroup

ungroup. group = id
group . ungroup = id

ungroup = concat

group [] = I
group (x:y:z:xs) = [x,Y,z] : group xs

[X,Yy,z,xs] == [][X,V, z], group xs ]
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group . ungroup
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map ungroup . map group

map group
[[5, 3,4, 6,7, 8,9, 1, 2], [[[5, 3, 4], ['6, ‘7", ‘81, ['9, ‘1", ‘2],

[‘6, 7", 2,1,'9, 5", ‘3, ‘4", ‘8], [['6,°7, 2] [1,°9, 5], ['3, ‘4, 8]],

[‘1,°9, 8,3, ‘4", 2", ‘5, ‘6, 'T'], [[1,°9, 8], [], 4, 2] 5,6, 7]

[‘], 5,9, 7", ‘6, ‘1", 4", ‘2, 3], [['8,°5, 9], [7, 6, 1], ['4, 2", 3],

[‘4,2,6,8,5, 3, 7,9, 1], [[4,°2,6] [8], 5, 3] [7,'9, 11]],

[7,1,°3,'9,2", 4", ‘8", ‘5, ‘6’ ] [[7,°1,3], [9, 2, 4], [8, 5, ‘6]],

[‘9', ‘6, 1", ‘5", ‘3", ‘7", ‘2", ‘8", ‘4] [['9,°6, 1], [5, 3, 7] [2, 8, 4]],

[2,°8, 7,4, 1,9, 6, ‘3, '5'], [[2,8, 7] [4, 1,96, 3, 5]

[‘3, 4,5, 2,8, 6", ‘1, 'T",‘9']] [['3, 4, 5] [2,8, 6] [1, 7, 91]]

map ungroup
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map group and map ungroup

map ungroup . ungroup .
group . map group

map ungroup . ungroup . group . map group
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map ungroup . ungroup . group . map group

group . map group

map group group

[['5,3,4,6,7,'8,9,1, 2], [[[5,°3,4],[6, 7,81 [9, 71,271 [[[[5, '3, 4], ['6, 7,81, ['9, 1, 21],
[6,7,2,7,9,5,3, 4, 8], [re, 7, 21,[1,9,51,I[3, 4, 8]], [re, 7, 21,[1,9,51[3,4,8]],
[1,'9,8,3,'4,2,'5,'6, 7], [[1,'9,'81,[3, 4,217 [5, 6, 7]] [['1,'9,81,[3,4,21[%,'6,7]]1]
['8,5,9,7,'6,1,'4,2,'3], [['8, 5,91 [7, 6,11, [4, 2, '31], rrre, s, 91, 7,6, ‘1], [4,2,31],
[‘4,2,6,8,5,3,7,9,1], [['4,'2,'6"],['8,5, 3] [7, 9, 1]], [r4,2,'91,[8,5,31[7,'9, 11],
[7,71,3,9,2,'4,'8,'5, 6], [[7,'1,'3],[9, 2,41 [8, 5, ‘61], [[7,1,'3],[9,2,4],[8,'5,'6]]]
['9,66, 1,5, 3,7, 2,8, '4] [[9,'6, ‘1], [5, 3,71 [2, '8, '4]], [rro, e, ‘11,5, ‘s, ‘71, ['2, ‘8, ‘411,
[2,8,7,4,7,'9,6, ‘3, 5], [['2, '8, 7] [4,71,9][6, 3, 5]], [['2,8, 7] [4,71,91][6, 3,511,
[3,4,'5,2,8,6,1,7,9]] [['3, 4,57, ['2, 8,6, ['1, ‘7, '9]]] [['3,4,'57],['2,8,61 [, 7,911

map ungroup ungroup

map ungroup . ungroup .
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boxs.boxs =1d

boxs . boxs =id

boxs :: Matrix a -> [Row a]

boxs = map ungroup . ungroup .
map cols .
group . map group

map ungroup . ungroup . map cols . group . map group .
map ungroup . ungroup . map cols . group . map group =id
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Laws derived from boxs.boxs = id

map ungroup . ungroup . map cols . group . map group .
map ungroup . ungroup . map cols . group . map group =

map ungroup . ungroup . map cols . group .
ungroup . map cols . group . map group =

map ungroup . ungroup . map cols .
map cols . group . map group =

map ungroup . ungroup .
group . map group =id
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Expand Laws

map rows . expand = expand . rows
map cols . expand = expand . cols
map boxs . expand = expand . boxs

expand :: Matrix Choices -> [Grid]
expand = cp . map cp

cp.map cp = [[[a]]]->[[[a]] ]
[Grid] Matrix Choices
expand
[Matrix Digit] Matrix [Digit]
Bird’s Sudoku u i
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expand . rows

map rows . expand = expand . rows

[Grid] Matrix Choices
expand
[Matrix Digit] Matrix [Digit]
[Grid] Matrix Choices
expand row
[Matrix Digit] Matrix [Digit]
[Grid] Matrix Choices
map row expand
[Matrix Digit] Matrix [Digit]
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expand — map cp

Matrix Choices
Matrix [Digit]

map cp
- . . .
[L[L.09) [1./9) [4),__[1.9) [1.9],[5),__[7), _[1..9] [1..9]) expand :: Matrix Choices -> [Grid]
[rr.’on, 1.9, 1.9, ['1../91, ['1..79), ['9],  ['4], [1..97, [‘1'..'9’&
[[31, [e6] [1.'97 [71./97,[1.79], [1..)9], [1..97, ['1"..'9], ['8] >] expand - Cp . map CP
[rr1, 21, 41 [1.091[6] [71./97 [71./9],[1.)9], [1.)97],
[[1.°9], [1..9, [1.79], 4], [1.091,[2], [1.79][21./9],[1.797],
[[1.097 [1.097, [1.09], [1.090, 8],  [1.'9 [1.'9,[9], [31 |
- = -
[[r41,  [1.09],[1.09], [1.09], [1.9, ['1.'97], [1..97, 8], [6] >] cp - map Cp [ [[a]] ] > [ [[a]] ]
[[1.097,[1.791 5], [3], [1./9][1./9],[1./9],[1.'9],[1..97],
[rr.ofren 6, 11, [V209L Y099 [1.791,[1.797]]

cp (map cp)

-

[cp[[[1./97,[1.797, [4], [1.797,[1.9],[5], [7], [1.'9],[1.'9]]| [ L[ [e——"], (S ], (S .). . e e 1
cp[[1..97, [1.797, [1.79], [1..97, [L. 9%, [9], [4], [1..97,[1..91]] [ [ -], [ ], (O], _ o 1
cp[[3],  [6], [1.79],[T./9], [1.9],[1.19], [1./9],[T-'9], [8] ]} [ [m—— (S (-] o L.
ep[[71, 2], [4]  [1.9][6], [1.79], [1.'97, [1.91]] [ — | —. (— eee 1
cp[[L.797], [L9], [1-9], [4],  [L-9%,[2], [L1.9], [1-"9T, [1-'9T]) LB A& _AL____E_ I oo C 1
op|[[1-/97, /97, [T-/9T, [T-.97, [8], T-9%.091. 131 1 [ UNSS—]. (. (S see L]
cp[[4],  [1.9],[1.'9% [1.797], [L..9], 19105 6] 1 [ (W], [ S, [S——, eee 1
op[[T-97, [1-/91,[5, 3], [1./9%,[1. 97, [T.9], [T.9], [1-97], L[ [S—, (S (S e L
cpl[[1.09],[1.091, 6], [1],  [1.)9], L1917, [1.091,[1.79111] iC_F AT F AC 8 R eoe 11

map cp
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expand —cp . map cp

map cp cp . map cp

[ [[ [EESES SEE] [SEEES SEE], [EENES BEE], eee
I@C 0 JAC ' (JAC N P Y

L]
1
I§C_ 8 AC 8 NC & B cee L
[ [ [ ], [, eoe ]
[ [, [ ], [, eoe L]
L]
L]
L]
1]

B E - |

|

[ [, [ ], O], oeco

[ [, [ ], O], oeco

[ [ ][], [S————], LX)
[ [, (], O], L XX

[Grid]
[Matrix Digit]
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expand

map cp
g
[[[1.797, [1..97, ['47, [1.797, ['1.797, ['51,  [7], [1..97, [‘1’..’9'&

[[3].__ [6]  [1.9] [1..9].[1..9], [1..9] [1..97 [1.9].[8] ]
(7). 2] [4]  [1.%91[6) [L.9][1..9], [1..9] [1.9]]
[[1./97], [1.797], [1..97], ['4], [r.0on 127, [1.09][1.79], [1.797],
[[1.797, [1.097, [1..97, ['1..'97], ['81], [1.097, [1.09],['91, [3] i
([4] (1.9, [129],[129], [1.9), [1..9] [1.91 (5], [6] |
[[1.9],[1.797, ['5], [37], [1.097, [1.09], [1.797, [1..97], [1°..97 ],
[[1.797, [1..97, ['6], [17, [1.097, ['1..97], ['97], [1.97, [1.911]

cp (map cp)

<

Matrix Choices [Grid]
expand
Matrix [Digit] [Matrix Digit]

expand :: Matrix Choices -> [Grid]
expand = cp . map cp

cp.mapcp =[[a]] ]->[[[a]] ]
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map row . expand

map row .
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Cartesian Product (cp)

cp = [la]]l ->[[all

cp (xs:xss) = [x:ys | X <- xS, VS <- Ccp XSS]

cp (xs:xsS) = [x:iys | X <- xS, ys <- yss]
where yss = cp XSS

cp [xs] =cp (x:[])
=[xys|x<-xs,ys<-ep[]] ifcp[]=]]
=[xiys | x <-xs,ys<-[]]
=[] contradict

cp[]=][] resultsincpxss=[] therefore cp[l=[[]]
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Double Map

fi:a->b
map f :: [a] -> [b]
map (map f) :: [[a]] -> [[b]].

map c(@->b)-> [a] -> [b]
(map.map) ::(a->b)-> [[a]] -> [[b]]
(map.map.map) :: (a -> b) -> [[[a]]] -> [[[b]]]

http://stackoverflow.com/questions/8735072/double-map-in-haskell
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CP Laws

map (map f) . cp
filter (all p) .cp

cp . map (map f)
cp . map (filter p)

allp=and.mapp

[[a]l cp [[a]]

cp [[1, 2, 3], [2], [1, 3]]

[[1, 2, 1], [1, 2, 3], [2, 2, 1], [2, 2, 3], [3, 2, 1], [3, 2, 3]]
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Double map and cp (1)

map (map f) . cp=cp . map (map f)
A [[1. 2, 3], [2], [1, 3]]

CpA [[1, 2, 1], [1, 2, 3], [2, 2, 1], [2, 2, 3], [3, 2, 1], [3, 2, 3]]

U e S
map (map f) [[1, 2, 1], [1, 2, 3], [2, 2, 1], [2, 2, 3], [3, 2, 1], [3, 2, 3]]

SBR

[map f[1, 2, 1], map f[1, 2, 3], map f[2, 2, 1],
map f[2, 2, 3], map f[3, 2, 1], map f[3, 2, 3] ]

map (map f) cp A

= [[f1,f2,f1],[f1,£2 £3],[F2, 2, f1],
[F2,£2,£3], [f3, 2, f1], [f3, f2, 3] ]
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Double map and cp (2)

map (map f) . cp=cp . map (map f)

A

map (map f)

map (map f) A

cp.map (mapf) A

Bird’s Sudoku
Rules (2A)

(1, 2, 3], [2], [1, 3]]

N

[[1, 2, 3], [2], [1, 3]]
[ map f[1, 2, 3], map f [2], map f[1, 3]]

[[f1,f2,f3],[f2],[f1, f3]]

[[f1,£2, f1], [f1,f2,£3], [f2, f2,f1],
(F2,£2,§3], [f3, 2, f1], [f3, f2, £3]]
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Filter and cp

filter (all p) . cp = cp . map (filter p)
allp=and.mapp

A (L, 2, 3], [2], [1, 3]]
cp A 1,2, 1], [1,2,3],[2,2 1], [2 2, 3], [3, 2, 1], [3, 2, 3]]

filter (all p) . cp A =filter[all p [1, 2, 1], all p [1, 2, 3], all p [2, 2, 1],
allp[2, 2, 3],allp[3, 2, 1], all p [3, 2, 3] ]

=filter[and [p1l,p2,pll,and[p l,p2,p3],and[p 2, p 2, p 1],
and[p2,p2,p3l,and[p3,p2,pll,and[p3,p2,p 3]]

map (filter p) A [ filter p [1, 2, 3], filter p [2], filter p [1, 3] ]

= [filter [p 1, p2,p3],[p2],[p1 p3]]

cp.map (filterp)A = cp.[filter[pl,p2,p3],[p2,[pl p3]]

Bird’s Sudoku
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