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CAS Merlin: SAT-based Product Configuration

Not CNF: also AMO and DNF subformulas

Slighly different problem: online algorithm produces optimal solutions

Context
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Introduce format RichCNF (Clauses + DNF and AMO constraints)

Write DPLL solver which also propagates DNF and AMO

Write CDCL solver which learns from conflicts with DNF and AMO

Evaluate Phase Transitions: SAT/UNSAT, Performance

This Work
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Modern SAT solvers solve formulas in their „conjunctive normal form“ 
(CNF) [1]

Motivation

Disjuncti
on

Conjuncti
on

(a∨b)∧(c∨d )
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The „disjunctive normal form“ (DNF) is a disjunction of conjunctions

The „At most one constraint“ (AMO) only allows at most one literal to be 
true

Other constraint types

Conjunctio
n

Disjunctio
n

(a∧b)∨(c∧d )

AMO(a ,b , c ,d )
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Davis-Putnam-Logemann-Loveland (DPLL) algorithm

Exhaustive depth-first search of the space of variable assignments

Resolves conflict, by trying another value

Conflict-Driven-Clause-Learning (CDCL) algorithm

Evolved from the DPLL-algorithm

Resolves conflict by learning new clauses

Two major SAT solving algorithms [1]
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The current best SAT solvers use a concept called „resolution“

Resolution [2]

This clause is 
implied by the two 

clauses above

Two conflicting 
clauses

a∨b c∨¬b

a∨c
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Notation in the next slides

(a∧b)∨(c∧d )⇔DNF ((a ,b) ,(c ,d ))

The next slides use the following notation for DNF constraints:



30.06.20229 Institute of Theoretical Informatics, Algorithm Engineering9 A Novel SAT Solver Architecture - Thomas Bartel

First AMO-AMO conflict

AMO(a ,b ,d ,c) AMO(e , g , f ,¬c)

f=1d=1

a=0 , b=0 , c=0 e=0 , g=0 ,¬c=0

Conflict!

Complementary 
literals!
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First AMO-AMO conflict

AMO(a ,b , d ,c) AMO(e , g , f ,¬c)

(¬a∧¬b∧¬d )∨(¬e∧¬g∧¬f )

Not a CNF at the 
moment!
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First AMO-AMO conflict

(¬a∧¬b∧¬d )∨(¬e∧¬g∧¬f )

(¬a∨¬e)∧(¬a∨¬g)∧(¬a∨¬f )∧

(¬b∨¬e)∧(¬b∨¬g)∧(¬b∨¬f )∧

(¬d∨¬e)∧(¬d∨¬g)∧(¬d∨¬f )
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First AMO-AMO conflict
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First AMO-AMO conflict

(¬a∧¬b∧¬d )∨(¬e∧¬g∧¬f )

(¬a∨¬e)∧(¬a∨¬g)∧(¬a∨¬f )∧

(¬b∨¬e)∧(¬b∨¬g)∧(¬b∨¬f )∧

(¬d∨¬e)∧(¬d∨¬g)∧(¬d∨¬f )
Too many clauses?
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First AMO-AMO conflict

AMO(a ,b ,d ,c) AMO(e , g , f ,¬c)

f=1d=1

a=0 , b=0 , c=0 e=0 , g=0 ,¬c=0
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First AMO-AMO conflict

AMO(a ,b , d ,c) AMO(e , g , f ,¬c)

(¬d∨¬f )

d=1 , f=1
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First AMO-AMO conflict
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DNF-DNF conflict

DNF ((a ,b) ,(c , d )) DNF ((e ,¬b) ,( f , g))

a=1 ,b=1

Complementary 
literals!

c=0 f=0

e=1 ,¬b=1

Conflict!
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DNF-DNF conflict

DNF ((a ,b) ,(c ,d )) DNF ((e ,¬b) ,( f , g))

DNF ((c ,d ) ,(f , g))
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DNF-DNF conflict



30.06.202220 Institute of Theoretical Informatics, Algorithm Engineering20 A Novel SAT Solver Architecture - Thomas Bartel

DNF-DNF conflict

DNF ((c ,d ) ,(f , g))

(c∨f )∧(c∨g)∧(d∨ f )∧(d∨g)

Every learnt DNF is 
effectively a large 
amount of clauses
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DNF-DNF conflict

DNF ((a ,b) ,(c , d )) DNF ((e ,¬b) ,( f , g))

a=1 ,b=1

c=0 f=0

e=1 ,¬b=1
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DNF-DNF conflict

DNF ((a ,b) ,(c ,d )) DNF ((e ,¬b) ,( f , g))

c∨f

c=0 , f=0

Signifcantly fewer 
constraints
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DNF-DNF conflict
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Phase transition point is the clause to variable ratio, where about 50 
percent of the randomly generated formulas are unsatisfiable

At the phase transition point of the clauses, there are difficult instances

Does there exist a phase transition point for the other constraint types? 

Phase transition [3] 
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Phase transition
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Phase transition
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Phase transition



30.06.202228 Institute of Theoretical Informatics, Algorithm Engineering28 A Novel SAT Solver Architecture - Thomas Bartel

Industrial benchmarks provided by CAS

Randomized benchmarks

Performance comparison with Sat4j

Encoding of benchmarks, so that Sat4j can solve them

Evaluation
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Industrial benchmarks
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Industrial benchmarks
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Industrial benchmarks
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Industrial benchmarks



30.06.202233 Institute of Theoretical Informatics, Algorithm Engineering33 A Novel SAT Solver Architecture - Thomas Bartel

Randomized benchmarks
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The new solver was able to outperform Sat4j in specific benchmarks

The other constraints aren’t always beneficial

Sat4j generally has significantly less branching decisions

Has a major impact on the solving time

Sat4j is faster in pure CNF solving

An improvement in this area might lead to faster solving times for the new constraint types

Conclusions and future work
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