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In this paper, we propose a new SAT Solver based on SOL tableau calculus. Most of modern SAT solvers are
based on DPLL procedure and have various kinds of techniques for improving the performance of DPLL greatly,
for example, conflict driven clause learning, backjumping, watched literals and so on. On the other hand, SOL
tableau calculus is one of consequence finding procedures for the first order logic. Toward consequence finding for
the propositional logic, we introduce a SAT solver based on SOL with SAT techniques in this work.
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Input: CNF .
Output: SAT, UNSAT or UNKNOWN.

if ¥ is empty then
return SAT;
end if
i := UnitPropagation(y);
if ¢ exists in 1) then
return UNSAT;
end if
Choose variable z in v by some hueristic;
it DPLL(¢¥A z) return SAT then
return SAT;
else
return the result of DPLL (i A —1);
end if

0 1: DPLL

Input: CNF .
Output: CNF.

while ¢ doesn’t exist and a unit clause { exists in ¢ do
Assign True to [ and simplify u;

end while

return i;
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Input: Tableau T'.
Output: SAT, UNSAT.

while T is not solved do
select subgoal K by ¢;
if UnitPropagation( k') cause conflict then
make a new tableau T by doing backtrack();
else
make operators ops for K;
if opsis null then
if unsatisfied top clause C existed then
print add C as children to K
else
print sat model;
return SAT;
end if
else
select one operator op from ops;
end if
make a new tableau T by applying op to T';
end if
end while
print unsat core;
return UNSAT;

03 00000000

odoooooooooooooooooon
goboooooooboooboooooao

ii.

O0000000000000000000000 UNSAT O
ooad

3.3 SATOOOODOODOOODOOO

000 SATOO0000000000000000O0

e JOOOUOLODOOOOLODOOODOOODOOO

e JJ0I0ODODDODOO UNSATOOOOOO
SOL 0000000000000 oocooooooogo
O00000000000000000000 UNSAT OO
000000o0o00oo0o0o0oooooooooon SOL
gboooooobodobobooooboooobooooooooo
goboooooooobooooboooboooooboobbooooo
RME (Restart Model Elmination)[1] 0000000000
ooboooooog

RME 000OOO0O0COOO0OO0O0O0O0OOOOCODOOOO0
goooooooooboobobooooooooboboooooooo
O00ooo0ooooo0oooOo SsoLooooooooooo
gooooooooooooobooobooboooooobooo
0000000000000 0O0D0O0 SATOOOOOOOO
goooboboooooooooooooooooboooooo
uoootbobooooooooooooooooobooooooo
goboooobooobooooooood

goboooooooooobooooboo

[0 1100050000000 CNFOOOOODO

C1 = {—a,~d} Cy = {—c,+a}
C> = {+a,+b,+c} C5 = {=b,~c}
C3 = {—\1)7 +a}

ooo0o0O0oooooooo (boooooooooooo
oooooo0ooo0)bo00oboooooOooooooooo
o000 ¢, 000000000 00oooooooood
¢ 000 -« 000000~ O00O00D0O0OOCOODOOOO



The 25th Annual Conference of the Japanese Society for Artificial Intelligence, 2011

—d

/\

—b ¢

—a
*

(=

04 0100000000
g1l 00000oocgo

ooooo Minisat-2.0 | 000000

SAT(81 D) 430 130
UNSAT(118 0) 450 140
TOTAL(292 O ) 88 0 27 0

-b,~c 00000000000 C; 000000000000
gbobbodtd—-eooboboboOooboOoOoOoboOooooooon
oooo0on0 +e0000000O0DO0DO ~dO0000OOO
00000O0ooono o000 -d0O0O0O0OOOOOOO0OO
00 ~d00000000000O0ODOOO0000000 RME
gbooboooooboboooooooooboboooooon
Cs 00000000000 o000 -b0O0OD0OODOOOO
ooooo0o -p000000O000O0O0O0CCOOODOOOO
O RMEOOOOOOOOOOOOOOOODOODOOD
gopoooo0O -pO000CO0CODOOOOOOOODOOOOOOO
Oaen-dn-b000000000000000 cO0O0OO0O
gooooooooobooooooooocoooooooooo
oo l1oo0oooooooo +~ce0ooooooOo0On
goboooooooboooooboooooobooo 40000

4. DOODO

000000000 UOSAT Competition 2009 O Applica-
tion00000 2920001 0000000000 600CPU O
000000000O00000 Mac mini, Core Duo 1.66GHz,
2GBRAM U0OUO0OOO0ODDOOOO Minisat[3) 00000

000000 10000000 SATODODOOOOO
0000000 UNSATOOOODDODOOODODODOoOooDOOoo
TOTAL O SAT O UNSAT O UNKNOWN OOOOOOO
00000 Minisat OO0 3000000000000 0O0O0O
00000000000 Minisat 00O0OOO0DOOOOOO
gooooooooD400000000000DO0O00O0DDOODO
00000 SOL OO SATOOODO0ODOOO0OOOO0O SAT
0oo0bOO0o00oOOo0obOo0obOo0obDoooDobooobOoooo
goo0ob0ooo0obOOooDoobobooboboobooooo
0odoooooboooboobb 200b000b0O0b00b000
pojooooobobobbbodoooo 1ooooboobooboboo
0000000 2000000000000 miniSATOOO
000000000000 Tetal DODOODOOODOODO 3000
0000 1100000000000 00000D0DOODOO
gooo0oooobooooboboooooboooobooo
oood1oo0ooo

5. Uobobooogn

udooooboooooooobooobooooooooao
O000o0oQoOopopoOoOoOoDoODO SATOOOOOO SOL O
000 SATOOOO0O0OOO0O0OO0ODO SsATOOOOOOO

02 00000000000000

Minisat-2.0 gooogoo
nobod ogooa oo oood ag
SAT(130) 2467054.8 | 25147.0 61425.1 | 129.6

UNSAT(10 0) | 1348495.7 6781.6 70264.7 | 189.3
TOTAL(230) | 1980724.7 | 17633.9 65268.4 | 154.0

gboboboboboboooooobooboobobobo

EEN

goooooooodooooooobo bOoOoo

(A)

(No0.202400030 0000000 (A) (No.20240016) 0 000

gooo

(1]

(2]

(3]
(4]

(5]

(6]

[7]

(8]

(9]

(10]

(11]

(12]

(13]

14]

Peter Baumgartner, Ulrich Furbach, and Frieder Stolzen-
burg. Computing answers with model elimination. Artificial
Intelligence, 90:135—-176, 1997.

Andrei Doncescu, Katsumi Inoue, and Yoshitaka Ya-
mamoto. Knowledge based discovery in systems biology us-
ing CF-induction. In Proceedings of the 20th International
Conference on Industrial, Engineering and Other Applica-
tions of Applied Intelligent Systems (IEA/AIE 2007), vol-
ume 4570 of Lecture Notes in Computer Science, pages 395—
404. Springer, 2007.

Niklas Eén and Niklas Sorensson. An extensible sat-solver.
In Proceedings of SAT-2003, pages 502-518, 2003.

Katsumi Inoue. Linear resolution for consequence finding.
Artificial Intelligence, 56:301-353, 1992.

Katsumi Inoue. Automated abduction. In Antonis C. Kakas
and Fariba Sadri, editors, Computational Logic: Logic Pro-
gramming and Beyond, FEssays in Honour of Robert A.
Kowalski, Part II, volume 2408 of Lecture Notes in Com-
puter Science, pages 311-341. Springer, 2002.

Katsumi Inoue. Induction as consequence finding. Machine
Learning, 55(2):109-135, 2004.

Katsumi Inoue, Taisuke Sato, Masakazu Ishihata, Yoshitaka
Kameya, and Hidetomo Nabeshima. Evaluating abductive

hypotheses using an em algorithm on bdds. In Proceedings
of IJCAI-09, 2009. (to appear).

Koji Iwanuma, Katsumi Inoue, and Ken Satoh. Complete-
ness of pruning methods for consequence finding procedure
SOL. In Proceedings of FTP-2000, pages 89-100, 2000.

Davis M., Logemann G., and Loveland D. A machine pro-
gram for theorem proving. Communications of the ACM,
5(7):394-397, 1962.

Matthew W. Moskewicz, Conor F. Madigan, Ying Zhao,
Lintao Zhang, and Sharad Malik. Chaff: Engineering an
Efficient SAT Solver. In Proceedings of DAC-01, pages 530—
535, 2001.

Hidetomo Nabeshima, Koji Iwanuma, Katsumi Inoue, and
Oliver Ray. Solar: An automated deduction system for con-
sequence finding. Journal of AI Communications, 23(2—
3):183-203, 2010.

Gomes C. P., Selman B., and Kautz H. A. Boosting combi-
natorial search through randomization. In AAAI-98, pages
431-437, 1998.

Knot P. and Adnan D. A lightweight component caching
scheme for satisfiability solvers. In SAT’07 Proceedings of
the 10th international conference on Theory and applica-
tions of satisfiability testing, pages 294-299, 2007.

J. P. M. Silva and K. A. Sakallah. Grasp-a search algo-
rithm for propositional satisfiability. JEEE Transactions on
Computers, 48:506—-521, 1999.




