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It is known that some of number puzzles can be solved by using Grobner bases. In this pa-
per, we discuss methods for solving four kinds of number puzzles (Sudoku, Kakkuro, Hashi-
wokakero and Tile Paint) by using Grobner bases. Especially, we study the following question.
Of what kind of difficulty can Grébner bases computation programs solve number puzzles? In
order to give some answers of this question, we analyze data of the computation experiments.
Moreover, in this paper, we introduce efficient techniques for solving number puzzles. Num-
ber puzzles have a lot of hidden mathematics rules and useful properties. We introduce these
rules and properties, and describe how to translate these ones into algebraic systems of poly-
nomial equations. In general, the Grobner bases technique for solving number puzzles, is not
considered as a good solver for number puzzles, but we show that the Grobner bases technique
can be a good solver for one of the four puzzles (Tile Paint).
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9,x822-x8,x7A2-X7,%X622-X6,x542-%5,x4A2-%x4,x3A2-%x3,x2A2-x2,x1+2-x1], [x1,x2,
x3,x4,x5,x6,x7,x8,x9,x10,x11],2);
[x11,x10-1,-x9,-x8+1,-x7+1,-x6,-x5+1,%x4,-x3,-x2+1,x1]

oooooo X1=X3=)C4=X6ZJC9=X11=0D XQ=X5=X7=XSZX10=1D|:|DDDD



Bulletin of JSSACVol. 20, No. 2, 2014 17

oobooO0ooooooooobooooooboocooooooobOoOoobo oboOoooooo
cooobooooooobooooooOooooooooOobooOoooobOooOoooobObooOoOooo
coboooobboooooobboOoooOoOoOoOoOoO0OoOoOoOobOOoOoOoOobOoOoOOOoOobobO oo
cooooooooooon

00000000000 Step1 00 Step20 0

Stepl. OO000O0O00O0OO0OOOO
Step2. DO0000O0O0O0OO0O0OOOOO

oooo

42 O0O0OOOOOO
oooooOoooooOOOOOODOOOO0OO00OOOO0O00O0O00O00OOCOcOOO000O 100
Oo00ck000000000000C0CCOODODOOOOOOOO00OCOO 100000000
coboodo0onb0O0OO0O0O0COO0OOCOO0ODOOOOOOOOOOODOOOOOOOOOOOO0
O00oo0ooo0010200000000000000000DO00O0O00DODOOODOO0OO

1. n—-k=s000000000100000000000000O00C0O0O00O00OD0 sOOO
cooooooooo obooooooooboooobo 1ooboo

2. 00000 1000000000000000000000KkO00O0DODOOODOO0O0
oooooOoDoOooODOODOOODOOoOOOOO

00001020000 k=00x=k00000000000000000 10000000
0000000100 #r-k=s000000 000000000000 s00000000O0
0000 0000000000000 0000000000 100000000000 00
000200000 00000 000000000

0 @O0000000000000000010001000000000007000000
10-7=30000000004000000000000003<400000000000
00000000000000000010000000000900000010-9=10
000000 100000000000000 100000000 100000010000
0000000000 00000

0@O0O000000000000000000000 @O0O0 @0O00000000 1
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
0000000Step100 Step 300

Stepl. 0000000000000 O0O0OOOOOOD1IO0000MOO0OO 10
Step2. 0000000000 OOMDIOOO0O 20
Step3. 0000000000 OOO0OO0O0OOOOOOOOOOO

oooo



18 00000200020 2014

I 1ololo o o/olo|o

0120000000000

OunooROO0OOO0OOO02000000C0CC0C0COOOOOOOOOOOOOOOOO
oooooooooooooooooooOOOOCoCOOb0OO00000o0o0oo0000 webOO
OooOooOoOooooooooooooooomooooOoO0@]pd490 10 O10x 10000
coooboboobocooooboooobbooobobo xOobooooooooooMmoooooooo
0000000000000 o00O0O00000000000umMe00000O000O0O00O0O0O
ogooooOooOoOooOoOoobooboooooooooooopciooOonO

oo 0o (@on) 0000 | time oo 00 (@oo) OOO00 | time
1 O[04 x4) 11 0.016 1 O [0 (4 x 4) 8 0.016
2 [IT9] No.00 (6  6) 20 0.032 2 [IT9] No.00 (6 x 6) 18 0.016
3 | [9] No.01(10 x 10) 49 47.66 3 | [9]No.01(10 x 10) 33 0.062
4 | 9] No.04 (10 x 10) 43 32.78 4 | [IT9] No.04 (10 x 10) 26 0.031
5 | (2] p.49, 1 (10 x 10) 27 0.063 5 | (2] p.49, 1 (10 x 10) 26 0.031
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