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Generation of Less-Clue Sudoku Boards by Monte-Carlo Tree Search

Norimasa Nasu1,a) Kiminori Matsuzaki2,b)

Abstract: Among several pencil puzzles, Sudoku has been studied most intensively. A research problem on
Sudoku is called the minimum number of clues problem: how many clues are necessary to construct a Sudoku
board with a unique solution. For the usual 9 by 9 Sudoku, McGuire et al. showed on January 2012 that
there is no 16-clue Sudoku board with a unique solution and the minimum number of clues is 17. In GPCC
2011, it was a problem to find a board with a smaller number of clues for the 16 by 16 Sudoku, and Shirakawa
found a 56-clue board. We also have studied on generation of these less-clue Sudoku boards. A challenge in
the effective generation of less-clue Sudoku boards is to find those boards from a very broad search space. We
have applied the monte-carlo tree search technique, which has been widely studied in game programming,
to generate efficiently less-clue Sudoku boards. In this paper, we show how we apply the monte-carlo tree
search technique to the generation of less-clue Sudoku boards. We also report the Sudoku boards that we
have obtained in the experiments.

Keywords: Sudoku, Minimum number of clues problem, Monte-carlo tree search

1.

1

2

a) 165065d@gs.kochi-tech.ac.jp
b) matsuzaki.kiminori@kochi-tech.ac.jp

[6], [12], [13], [15]

[2], [8], [16], [17]

9 9

17

McGuire 16

[7] 16 16

2011 GPCC 16 16



第 54 回プログラミング・シンポジウム 2013.1

174

56

[3]

1

9 9 17

1025

1

[18]

3

3

•

•
3

• 300

18 49

1

17

2

3

4

5 2

6

7

1

2 1

2.

1

2

9 9

3 3

1 1 1

2a 1 9 1

2b 1 9 1

2c 1 9 1



175

第 54 回プログラミング・シンポジウム 2013.1

3 2-Naked

4 2-Hidden

Cell-Unique x x

a 1 x a

1

Line-Unique Block-Unique

a x 1

x a

2a 2b 2c

k-Naked k

x1, x2, . . . , xk k a1, a2, . . . , ak

x1, x2, . . . , xk

a1, a2, . . . , ak

k-Hidden k

a1, a2, . . . , ak

x1, x2, . . . , xk k

x1, x2, . . . , xk a1, a2, . . . , ak

3 2-Naked

4 2-Hidden

MCT(root) {

loop until {

leaf <- select_downwards(root)

leaf.n <- leaf.n + 1

if (expand_cond(leaf)) {

leaf <- expand(leaf).first_child

}

board = playout(leaf.board)

update_upwards(leaf, getvalue(board))

}

return select_best_child(root)

}
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playout(board) {

loop until solve(board) == unique {

board <- solveByRule(board)

hint <- selectHint(board)

board’ <- addHint(board, hint)

if (solve(board’) == noAnswer) {

board <- deleteCand(board, hint)

} else {

board <- board’

}

}

return board

}
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normalize(board) {

board <- sortRowColumn(board)

boardT <- transpose(board)

board <- renumbering(board)

boardT <- renumbering(boardT)

if (hashCode(board) < hashCode(boardT)) {

return board

} else {

return boardT

}

}
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solve(board) {

cnf <- CNFOfBaseRule

cnf <- append(cnf, toCNF(board))

if (satisfiable(cnf)) {

answer = findAnswer(cnf)

cnf2 <- append(cnf, negate(answer))

if (satisfiable(cnf2)) {

return multiple

} else {

return unique

}

} else {

return noAnswer

}

}
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12 17

2 N = 18

c N = 18 N = 19 N = 20

0.5 10 9.8 ( 8.5) 1058.5 18940.0

20 103.0 (85.3) 4956.0 47937.8

30 15.5 (13.5) 7749.8 44395.3

40 23.0 (16.8) 3186.3 47136.8
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