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Cardinality constraints generated from real-world problems are often a bottleneck of SAT solving. This paper
proposes an extended CNF that can express cardinality constraints and allows high-performance unit propagation.
We have implemented it on MiniSAT 09z, a variant of MiniSat 2.0 which is one of the most popular SAT solvers, by
improving deduction and propagation to work with the extended CNF. To evaluate the performance improvement
over the original MiniSAT, we made an experiment on this extented solver with the ITC2007 benchmark set that

contains cardinality constraints problems.

1. 0000

000000000000 (Boolean Satisfiability Problem:
SAT) 000000 NPOOOOUOOOOOOOUOOOODOO
0O SAT 0000000000000 00000oooog
gboboooooodoboooooboooboooooobooooon
(Cardinality Constraints) 00 0000000000000
0000000 SATOOOOOOOOO0OoOOoOooOoooo
00000 SATOOO0OO0OO0OoOOoooOooooooog
goboooooooboooooooooobooobooooOoonon
gooooobooobooobobooooooooooooooon
0000SATOO0O0000O0000O00000000000
000o0O00SATOO00D0ODOO0ODOO00DOO0O00oOOoo0n
gooooooooooooooooobooobooooooooon
000000000000 ooO0oo0OD SATOODOOO
goboooooooooooooooooooo

2. SAT

SAT 000O0O000oO0o0ooOnD (SAT)Yoooooo
000000000000 0oo0oU0ooooooUoO (UN-
SAT) 0000000000 000000SATOO0O00OO0
(Conjunctive Normal Form: CNF) 00000000 OCNF
gobooboootouooooooooooooooooooon 2
goboooooooooooa

2.1 CDCLOOO

000 SATO0OO0O00000000000000 DPLL O
0000000000000 CDCL (Conflict-Driven Clause
Learning) 00 000000000000 O0O0O00OOOOO
0o0o0o00oO0o0oO0o0oO0ooOo0ooO0oO0oOonooo0n 10
00ooO0ooO0o0O0o00o0o0oo00oooooooooo
000000000000 (booo)ooooUooooo
oooooooo0ooOoooOoooooooooooooo

ogoo:bbobo0o0obo0o0ooobobbbooooogoog
0000000169-855 00 0000O00O0O0O 3-4-1003-
5286-33400 yuji(at)ueda.info.waseda.ac.jp

gboboooobodoboooooobooooobooboooo
gootboooooooobooobooooooboboooooooo
goooooooooboooooooooboooooobooooo
gooooooooooooooooooboooooooooo
gooooooooooooooobooocooooooooon
gooooooooooooooobooocooooooooon
gboboooobodobooobocooooooooobooboooo
0oOChCLOOO0OOO0OOOO [0)00bbo0oooD 100
O004d 0000000000000 propagate 00000
00000000000000 (3.20)0analyze 00000
goooooooooooooooooooboooooboooon
O0000 CcOWNOO00000O0O0WOO0O0O000OO
ooooooo

CDCL(%, v)
1: a CNF formula, v: a variable assignment
begin
dl =0
loop
v = propagate(y, v)
if v(v) = 1 then return 1
if v(¢») = 0 then
if dl = 0 then return 0
(C, bl) := analyze(y, v)
b= U {C}
v = {(zi, v;) €Ev | lv(z;) <bl}
dl := bl
else
dl:=dl +1
choose an unassigned variable z and its
value v
v:=vU{(z, v)}
end
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propagate(1), v)
1: a CNF formula, v: a variable assignment
begin
while 3 C>; € ¢ (C>1 is a unit clause) and
v(¢) # 0 do
[ := the unassigned literal in C>;
v = v U {(var(l), sign(l))}
if v(¢) = 1 then
v = propagate_LC(¢, v)
return v
end
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propagate_LC(v, v)
begin
while 3 C> € ¥ (C>i is a k-ary clause) and
v(¥) # 0 do
while 31 € C>y (I is an unassigned literal)
v :=wv U {(var(l), sign(l))}
return v
end
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