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The Problem: Minimize a Resolution Derivation from a Conflict Graph



Conflict Graph: Basic Data Structure in Many Modern SAT Solvers

e Introduced in current form iIGRASPby Marques-Silva and Sakall§de,99]
e Adopted intoChaffby Moskewicz, Madigan, Zhao, L. Zhang, and Mglk]
e Variations inzChaffby L. Zhang, Madigan, Moskewicz, and Malii]

If x is implied by unit-clause propagation, there is some clayuseyq, —y», .. |
such thatyq, yo, ... were assumed or implied earlier.

Put arrows from vertex to verticesyq, yo, .. ..
X, =y1, —Yo, ...| is called theantecedenof x.
X may bel, denotingfalse  Vertices reachable frofialse= conflict graph.

ObservationThe set of clauses in a conflict graphrésiamable Horn



Various Cuts in Conflict Graph Yield Different Conflict Clauses
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Dashed lines go to vertices at lower (earlier) “decision levels”.



From Conflict Graph to Resolution Derivation of Conflict Clause

e L. Zhang and Malik pseudocode (paraphrased) to generate refu4Em03]:

cl = antecedent(false);

while ( ! is_empty_clause(cl)) {
1lit = choose_literal(cl);
ante_cl = antecedent(lit);
cl = resolve(cl, ante_cl); }

adsr oD -

Literal order unspecified (semooseliteral).

e Theoretical analysis by Beame, Kautz, and Sabhajaa&t 2004]
Trivial resolution(TVR, defined there) does minimum number of resolutions.
e Exponential worst case for bad literal order shown by Van Geraro7).
Reverse chronological ordaf implied literals produces a TVR.

Relation to Clause Minimization:
e Linearly searching thanplied-literal trail (in reverse) is practical for

1-UIP conflict clausdecause only theurrentdecision level gets processed.
e Clause minimizatiomeeds to process implied literalsratinylevels.



Conflict Graph with Minimization Opportunities
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MiniSat2.0 Recursive (Global, Expensive) Conflict Graph Minimization

1 A




MiniSat2.0 Recursive (Global, Expensive) Conflict Graph Minimization

1 A




MiniSat2.0 Recursive (Global, Expensive) Conflict Graph Minimization




MiniSat2.0 Recursive (Global, Expensive) Conflict Graph Minimization

1 [2 (2

2 [bJe——0Q) 0
3 @—®—C
4 d(—@( P




MiniSat2.0 Recursive (Global, Expensive) Conflict Graph Minimization

1 A




MiniSat2.0 Recursive (Global, Expensive) Conflict Graph Minimization

1 A




MiniSat2.0 Recursive (Global, Expensive) Conflict Graph Minimization

1 A

S)< t (U)< n
A A A
3 [Cle (X< q (M)« ¢ (k) —(i




MiniSat2.0 Recursive (Global, Expensive) Conflict Graph Minimization

1
2
? =
\g
o’
o
\g
g
N g
\g
3 [C]« (X< q (M)« ¢ (k] j )y}—i




MiniSat2.0 Recursive (Global, Expensive) Conflict Graph Minimization
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MiniSat2.0 Recursive (Global, Expensive) Conflict Graph Minimization
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MiniSat2.0 Recursive (Global, Expensive) Conflict Graph Minimization
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MiniSat2.0 Recursive (Global, Expensive) Conflict Graph Minimization
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What Was the Fix? Recursive Depth-First Search

DFSearchy)

Mark vertexv discovered
Pre-order process

For eachw adjacent tor
If wis not seen
DFSearchf)
uselnfo(v)

Post-order process
storelnfog)

Mark v finished
return

™71

If visnota decision literaly is removablegelse...
If vis notin the conflict clausey is poison
If visin the conflict clausey is keep

If wis poisonandv is notin the conflict clause,
VIS poison

If wis poisonandv is in the conflict clause,
vis keep

If visremovablepush{, removableStagk

Record whethev is removable, kegpor poison



New Recursive (Global, Expensive) Conflict Graph Minimization
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How Did It Come Out?

e A correct TVR order is produced by Conflict-Clause Minimization.

e Program ran from 3% slower to 14% faster.

e See results of th®liniSat Hack Trackn this year's SAT competition.

e Caution Literals inremovableStacthat are not in the conflict clause and
are not reachable by a path of removable literals should be pruned
(u in the example).



Conclusion

Study Recursive Depth-First Search.



