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On Improving Lower Bounds for Ramsey Numbers Using SCSat
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We solve Ramsey problems using SAT solvers. The problems are extremely hard since their CNF have thousands
of variables and tens of millions of clauses making their search space huge whereas the number of models, if any,
awfully small. In order to reduce search space, we consider additional constraints which can be induced by some
symmetry assumptions. The added constraints may arbitrarily be relaxed if they are too strong. In this manner,
we have succeeded to improve the best known lower bound for the Ramsey number R(4,8) from 56 to 58.

1. O0OoOg

O0O0OExooOOOOOOOOO R(4,6)000000 350
03600000 [Exco 120000000000 R(4,8) 0
gooooooooooobonb

00000000 R(s,t) D00nO000000O00O K, O
goo0o0ooU0bOO0bo0ooOO0bOobOooUooODOoD Koo
goooooooooOoOoooDD KheOoooooooooo
0dddon00000DCOCODDOOOOO Exoo webODO
O [Exoo]J0 00 McKay O webO OO [McKay] DO OOO
0000000000000 bob0obOobOon Dynamic
Survey[Radziszowski 11] 00 0000000

Exoo 0 0R(3,10), R(4,6), R(5,5) 00000000000
goboobbooboobooboooboobooob
oo ooobooboobobboboo
SATOOO0O0000000000O0000O000O0O0

2. 000004

0000000000 [McKay] 000000000000
00000 R(s,t,n)0000000000000000 R(s,t)
O0n+100000000000000

0000000000000000000000000 CNF
0Cqtm 0000Ramsey 0000000000000

( /\ Ve ;€K _‘eij>/\( /\ Ve, €Ky eij)

KsCKn Ki{CKp

O000e; 000040 j000000000000000
0000000000000000000000000000
Ramsey 000 C(s,) 000000000 MiniSat[Eén] O
000000 SATO0000000000
O0O00ORamsey 0000000000000000000
000000 (;)000000 (7)+(})000000C 5,543
00000 930001925196 0000000000000
SATOO000000000000000000000000
000000000000000

oo0:0000000000O0O00ODOOOoUOOoO,
0 819-0395 0000000 744,
Tel:092-802-3609, Fax:092-802-3600,
fujita@inf. kyushu-u.ac.jp

Vo V1 V2 V3 V4

01

Vo
U1
V2
v3
V4

1 o|=]~lo

Ol |||

OO

[ k=1 L (=]

0
1
1

(a) 000

(b)yOooo
010000000 R%(3,3,5)

2.1 0O0O0O0OO

0oob0o0ooooooboboooobobooooooboooa
goodbooboooboboboboooboboooooboog
0o0ozOoOooOooooboobooog

€ij = Zk (O§j<i<n,i—j=k)

0000z 1<k<n-1)00000000000000O
0zZz0O000O0oOooO0ooOOooO CNFOOOODOO Zz,00
0ozooooooo

A

0<j<i<n

((—eij V zi—j) A (eij V —zi-j))

0000000 CeemAZ, 000000000000
000Cuu, 00000000000000 R(s,t,n) 0Z
O00000000R?(s,t,n) 0000200000000
000000000000000000000000000
n—100000000000000000000000 10
R?(3,3,5)0000

O00R?(s,t,n) 00000000 2000000000
000000000000000000000000000
O0nD0100000000000000000000000

zramsey(S,T,N,2) 00Z 0000000 R%(S,T,N) O
ZO00OOOOOOOOOOOOzOOOOOOOOODOD
extend(I,Y,L,S,T,N,2) 0000000 10000000
00000000 YOOONODOOOOODOOOOOOOOO

x1 0000 Z0000 MaxSATOOOOOO WCNFOOOOO
oooooooooobooogod




The 27th Annual Conference of the Japanese Society for Artificial Intelligence, 2013

zramsey(S,T,N,Z) :- extend(1,[],0,S,T,N,Z).

extend(N,Z,_,_,_,N,Z).

extend(I,Y,L,S,T,N,Z) :-
I<KN, I1 is I+1, L1 is L+1,
((\+find_mcK(0,T,I,Y,L), extend(I1,[0|Y],L1,S,T,N,

Z))
; (\+find_mcK(1,S,I,Y,L), extend(I1,[1]Y],L1,S,T,N,Z))

).
find_mcK(C,R,I,Y,L) :- find_mcK_(2,1,[0],C,R,I,Y,L),!.
find_mcK_(R,_,_,_,R,_,_,_)
find_mcK_(X,J,V,C,R,I,Y, w e
X<R, J<I J1 is J+1
( edge_color(I,J,C,Y,L),
find_mcK__(J,V,C,Y,L),
X1 is X+1,
find_mcK_(X1,J1,[JIV],C,R,I,Y,L)
; find_mcK_(X,J1,V,C,R,I,Y,L) ).

find_mcK__(_,[1,_,_

find_mcK__(J, [MIV],
edge_color(J M,C,Y,
find_mcK__(J,V,C,

>

edge_color(I,J,C,Y,L) :-
D is L-(I-J), nth0(D,Y,YD), YD == C.
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