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Abstract In some applications of software engineering such as the verification of software model
or embedded program, SAT solver is used. To practical use a SAT solver, a problem is encoded to
a CNF formula, but because the formula has lower expressiveness than software models or source
codes, optimal CNF encoding is required. In this paper, we propose optimal encoding techniques for
the problem of “Selecting adjacent £ <7 among 7 objects.” Through experimental results we show
the proposed constraint is efficient and correct to solve Japanese puzzle. As we know, this paper is
the first study about CNF encoding for adjacency in BCC.
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c20 3920 8000 4684 2760 c20 0.015 0.015 0.008 0.012
c30 9780 27000 15044 7140 c30 0.045 0.059 0.021 0.024
c40 18880 64000 34728 14160 c40 0.101 0172 0.092 0.060
c50 31100 125000 66784 23700 cb0 0.195 0.404 0.096 0.108
c60 46320 216000 114092 35640 60 0.321 0.832 0.171 0.188
c80 88320 512000 266768 69280 c&0 0.715 5.115 0.420 0.404
c100 144400 | 1000000 516920 114600 c100 1424 13.726 1.031 0.764
cl20 214080 | 1728000 888324 171120 c120 2.441 31.787 1.733 1.320
rl0 861 633 759 474 rl0 0.004 0.004 0.000 0.004
rl5 2777 1999 2702 1602 rld 0.016 0.012 0.012 0.004
r20 6117 4243 5852 3463 r20 0.032 0.056 0.068 0.036
125 12449 8299 11549 6832 r25 0.140 0.176 0172 0.136
r30 21017 13683 19505 11627 r30 0.496 0.816 0.904 0.528
35 33263 20984 30174 17686 r35 10.668 2.188 4.300 1.836
rd0 49339 30528 44397 25971 140 165.880 | 165.090 93.749 74.008
45 70503 43329 62797 36982 45 40.234 25.985 11.244 38.674
50 97218 57107 84173 49396 50 81.753 32.382 46.498 47.282
10x10 994 763 358 545 10x10 0.004 0.004 0.000 0.004
18x10 1281 1721 344 813 18x10 0.004 0.004 0.000 0.004
15x20 4023 4284 3916 2331 15x20 0.028 0.028 0.036 0.016
20x20 6777 5733 6846 3909 20%20 0.032 0.028 0.040 0.020
25%x25 11069 11677 13005 7026 25x25 0.084 0.128 0.144 0.068
40%40 42917 37369 45547 25445 40x40 0.652 0.540 2.256 0.624
40x79 90420 99630 114222 51469 40%79 2.224 1.964 3.648 1.416
50x100 175199 202626 203305 103707 50x100 4.144 4.084 12.904 2.636
100x100 343959 511821 530367 192117 100x100 6.472 7.896 20.197 4.324
4 AZNEDBEY =& Aol vFEHIL A A Eeg & AR dagth I A e A%
o BAES WE/bsA FAZ AsteE CNFE ¥ 42 29she 23 08 2ol dgse BASC ¥
stEojer sh=dl, EAE BA ARgder Jled & Yo
o] CNFZ t&%ﬂ—b—tﬂ, ol 7lg 2L H MAE | .
B i 1 2 35
A e uw} 4 EAR wBshed A3 zole T
710l tH9,10]. —Sr% oA 714 Z7AF o] AR [1] SM. Suhaib and D. BernerM, "Extreme Modeling
M EAS CNFZ @838 4 e by =82 A in PROMELA: Formal Modeling and Verification
otaiTh of a Smar_t Building Control Systeml,” .FERMAT
= : Lab Technical Report No. 2003-11. Virginia Tech,
TS JAHFAAE VIS0 Aot ol Fg 2AEH 2 Blacksburg, VA, December 2003.
gele WHES Aokgly, ZF Wl HAsE vy [2] M. Merritt, A. Orda, and S.R. Sachs, "Formal
£ 3tgch o]FA zigt® W &S FH) Yenflcatlon of a DlsFr1buted Computer. System,” In
Formal Methods in System Design Journal,
HaA At ATEA olmA B LAY A g Wk Kluwer Academic Publisher, vol. 10, pp. 93-125,
o A8 AZEA el dojg &, BEUAY T 1997.
9 dlolgl gy 98 #HES yAow AYEYn 2zt [3] G.J. Holzmann, The SPIN Model Checker, Addsion
N N Wesley, 2004.
Z AR el Azish e AgE vad wed A [4] E. M.yCIarke, O. Grumberg and D. Peled, Model
A A ol EFE o843 WyH £A AF7E o) Checking, MIT Press, 1999,
£3 i BE HARsd WA £ A5S BYn [5] M.W. Moskewicz, C. Madigan, Y. Zhao, L. Zhang
E3] oz EyE HAsS o] 1A e ARE and S. Malik, “Chaff: Engineering an Efficient SAT
RET) o]ad ATE Yoz AxmEde] md Solver,” In Proceedings of Design Automation

Conference, 2001.



670

[6]

[7]

(8]
[9]

(101

[11}

[121
[13]

[14]

ARFATI=E R 1 AT E o]

http://www.cs.chalmers.se/Cs/Research/For-mal-
Methods/MiniSat/

A. Biere, A. Cimatti, E. Clarke, Ofer Strichman,
and Y. Zhu, "Bounded Model Checking,” Vol. 58
of Advances in Computers, 2003.
http://alloy.mit.edu/

O.Bailleux and Y. Boufkhad, "Efficient CNF en-
coding of Boolean cardinality constraints,” in Pro-
ceedings of the CP 2003, vol. 2833, LNCS, 2003.
C. Sinz, "Towards an optimal CNF encoding of
Boolean cardinality constraints,” In Proceedings of
the CP 2005, vol. 3709, LNCS, 2005.

B. J. Batenburg and W. A. Kosters, "A discrete
tomography approach to Japanese puzzles,” in
Proceedings of the Belgian-Dutch Conf. Artificial
Intelligence, 2004.

http://en. wikipedia.org/wiki/Nonogram

B. Benhamou, L. Sais and P. Siegel, "Two proof
procedures for a cardinality based language in
propositional calculus,” in Proceedings of the
STACSY4, vol. 775, LNCS, 1994.

G. Kwon and W. Klieber, "Efficient CNF Encoding
for Selecting 1 from N Objects,” In the Proceeding
of CFV07, 2007.

IR
ARSI EER : ATEY] I 28
A3BAEAE Iz

A7 4
AR EEA : 2ATEY] 2 24
ABAA2EZ F=

=]
ES

& A B A A 1 281D



