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Roadmap

• Previously 
• PL  

• Today 
• Normal Forms and Tseitin’s Transformation 
• DPLL algorithm for SAT solving 
• One challenge for current SAT solvers 
• Variations of the satisfiability problem (e.g., MaxSAT)



Example : Recap PL formula



PL Semantics (Meaning)

Satisfying and 
Falsifying 
Interpretations



PL Semantics (Inductive definitions)



Satisfiability and Validity



Normal Forms
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Normal Forms

• A normal form for a logic is a syntactical restriction such that for every formula in the 
logic, there is an equivalent formula in the normal form. 

• Three useful normal forms for propositional logic: 
• Negation Normal Form (NNF) 

• Disjunctive Normal Form (DNF) 

• Conjunctive Normal Form (CNF)



Negation Normal Form (NNF)

F ′′′ is equivalent to F (F ′′′ ⇔ F ) and is in NNF



Disjunctive Normal Form (DNF)



Example

F ′′′ is equivalent to F (F ′′′ ⇔ F ) and is in DNF



Conjunctive Normal Form (CNF)



Potential Problem with CNF: Size blowup

Distributivity will duplicate entire subformulas

Worst-case blowup? : exponential!



Equisatisfiability and Tseitin’s Transformation



Tseitin Transformation



Tseitin’s Transformation



Tseitin Transformation: Example



Example



Example



Example



Example



What do we get?



The Boolean Satisfiability problem
A bit of history





A Modern SAT Solver 

These algorithms are 
also called  
“Decision Procedures”



History Again



DPLL Insight



Propositional Resolution 



Example 



Unit Resolution or BCP 



Restricted Resolution: BCP



Example: 



Basic DPLL (with BCP)



Example

No BCP Possible 



Unit Resolution, optimized => PLP

if variable p appears only positively 
or only negatively in F , it should not be chosen by 
choose vars(F ′). 



DPLL with PLP



Example



Beyond DPLL

Further details: Reading for todays Class: Chapter 2. 

Decision Procedures: An Algorithmic Point of View Authors: Daniel Kroening, Ofer Strichman 



SAT solving landscape today

• CDCL based solvers routinely solve problems with hundred of thousands or even 
millions of variables. 

• But still possible to create very small instances that take very long



Not every small SAT problem is easy



Encoding the Pigeon hole problem in PL



Pigeon hole problem, cont.



Variations of the 
Boolean Satisfiability problem
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Maximum Satisfiability (MaxSAT)



Partial MaxSAT



Partial Weighted MaxSAT



Summary


