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Abstract Sudoku can be regarded as a SAT problem. Various encodings are known for encoding
Sudoku as a Conjunctive Normal Form (CNF) formula, which is the standard input for most SAT
solvers. Using these encodings for large Sudoku, however, generates too many clauses, which impede
the performance of state-of-the-art SAT solvers. This paper presents an optimized CNF encodings
of Sudoku to deal with large instances of the puzzie. We use fixed cells in Sudoku to remove
redundant clauses during the encoding phase. This results in reducing the number of clauses and a

significant speedup in the SAT solving time.
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16x16 | hard 4096 92514 | 0.46 4096 123234 | 0.2 4096 124002 | 0.01
2525 | easy 15625 563417 | 9.07 15625 750917 | 1748 15625 752792 | 0.07
25x25 | hard 15625 563403 | time | 15625 750903 | time| 15625 752778 | 0.21
3636 | easy 466561 2451380 | time] 46656 | 3267860 | time | 46656| 3271748 | 0.50
36x36 | hard 46656 | 2451400 | time | 46656 | 3267880 | time ]| 46656 | 3271768| 0.67
40%0 | easy | 117649| 8474410 time | 117649 | 11297986 | time | 117649 | 11305189 | 1.47
64x64 | easy | 262144 | 24770088 | stack | 262144 | 33036624 | stack | 262144 | 33048912 stack
81381 | easy | 531441 | 63783464 | stack | 531441 | 85041104 | stack | 531441 | 85060787 stack
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extended encoding proposed encoding analysis of pre-assigned cells
sze | level | vars clauses | time | wvars causes | time k ratio | varsd | dausd
90 easy 729 12013 | 0.00 220 1761} 0.00 26 32 3 7
ox9 | hard 7 12018 | 0.00 164 1070 0.00 30 37 5 11
16x16 | easy 4086 124008 | 0.01 648 5588 0.00 104 41 6 22
16x16 | hard 4096 124002 | 0.01 797 8552 | 0.00 98 38 5 15
25x25 | easy 15625 752792 | 0.07 1762 19657 | 0.04} 292 47 9 38
25X25 | hard 15625 752778 | 0.21 1980 24137 0.05) 278 45 8 31
36x36 | easy | 46656| 3271748 | (.50 4186 57395| 0.06) 644 50 11 57
36x36 | hard 466561 3271768} 0.67 3673 45337 0.08}F 6A 51 i3 72
40049 | easy | 117649 | 11305189 | 1.47 7642 | 112444 0.13] 1282 53 15 101
64x64 | easy | 262144 | 33048912 | stack§ 11440 168772 0.04 | 2384 58 23| 195
81x81 | easy | 531441 | 85060787 | stack| 17793 | 266025( 0.06] 3983 61 30| 320
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