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Preliminaries



What is SAT?

Definition
Let Φ(a,b, ..) be a boolean formula.
Is there an interpretation of (a,b, ..) that satisfies Φ ?

In theory
Cook-Levin’s Theorem: SAT is NP-Complete.
⇒ First problem proved NP-Complete
⇒ P = NP?

In practice

• Many critical applications (e.g Configuration Management);

• Big size problems.
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Notations

Literals
A literal (a,b, . . .) is either a boolean variable x or the negation of a
boolean variable ¬x

Clauses
A clause C is a disjunction of literals i.e:
C = a ∨ b ∨ .. ∨ z

Formula
A formula Φ is a conjunction of
clauses i.e:
Φ = C1 ∧ C2 ∧ ... ∧ Cm

Example
Φ = (a ∨ ¬b) ∧ a ∧ (¬a ∨ ¬b)
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Resolution of a SAT formula

Let Φ1 = (a ∨ ¬b) ∧ a ∧ (¬a ∨ ¬b)

Resolution

a ¬b
a
¬a ¬b

Goal: Find an assignment of a and b such that each line is true

a = ?

b = ?
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Resolution of a SAT formula

Let Φ1 = (a ∨ ¬b) ∧ a ∧ (¬a ∨ ¬b)

Resolution

a ¬b
a
¬a ¬b

Goal: Find an assignment of a and b such that each line is true

a = True

b = ?
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Resolution of a SAT formula

Let Φ1 = (a ∨ ¬b) ∧ a ∧ (¬a ∨ ¬b)

Resolution

a ¬b
a
¬a ¬b

Goal: Find an assignment of a and b such that each line is true

a = True

b = False

Φ1 is SAT ,
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Another resolution of a SAT formula

Let Φ2 = (a ∨ ¬b) ∧ b ∧ (¬a ∨ ¬b)

Resolution

a ¬b
b
¬a ¬b

Goal: Find an assignment of a and b such that each line is True

a = ?

b = ?
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Another resolution of a SAT formula

Let Φ2 = (a ∨ ¬b) ∧ b ∧ (¬a ∨ ¬b)

Resolution

a ¬b
b
¬a ¬b

Goal: Find an assignment of a and b such that each line is True

a = ?

b = True
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Another resolution of a SAT formula

Let Φ2 = (a ∨ ¬b) ∧ b ∧ (¬a ∨ ¬b)

Resolution

a ¬b x
b
¬a ¬b x

Goal: Find an assignment of a and b such that each line is True

a = /

b = True

Φ2 is UNSAT /
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Polynomial-time Reduction

Definition
In computational complexity theory, a polynomial-time reduction is a
method for solving one problem using another.

Example

• Reducing Graph Coloring to SAT

• Maximum Flow Problem to SAT
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Why doing a reduction (in real life) ?

Mobile Radio Frequency Assignment
When frequencies are assigned to broadcast towers, if a tower is in the
covering area of another one, they must not have the same assigned
frequency in order to avoid wave interference. The goal is to minimize
the number of used frequencies, since they are very expensive.

Figure 1: A proper vertex coloring of the Petersen graph
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How to do this?

Reduce k-coloration to SAT
Goal: Reduce an instante of k-coloration of a graph G(V ,E) to an
instance (formula) φG of SATCreate a boolean variable xu,i for each
vertex u and each color i“For each edge uv , color(u) ≠ color(v)"
becomes ⋀uv∈E ⋀1≤i≤k (¬xu,i ∨ ¬xv ,i)
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Power of SAT solvers

••

Figure 2: Evolution of SAT solver performance over time
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SAT solvers



Pysat: A toolkit for SAT-based prototyping in Python

PySAT
PySAT is a Python (2.7, 3.4+) toolkit, which aims at providing a simple
and unified interface to a number of state-of-art SAT solvers.

Pros:

• In Python;

• Great documentation;

• Easy to install (pipinstallpython − SAT )

(Major) Cons:

• Less powerful than other solvers
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Pysat: A toolkit for SAT-based prototyping in Python

Figure 3: Trivial example using PySAT
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Glucose

Glucose
Glucose is a winning award SAT solvers developped in LaBRI and CRIL
by Laurent Simon and Gilles Audemard.

Pros:

• Developped in LaBRI ,

• Powerful;

• Relatively easy to implement.

Cons:

• In C;

• It’s hard to know which option to use;
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Glucose

Figure 4: Resolution of een-pico-prop-05 using Glucose
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Sugar

Sugar
Sugar is a SAT-based Constraint Solver. Constraint Satisfaction Problem
(CSP) is encoded to a Boolean CNF formula, and it is solved by an
external SAT solver.

Why using CSP?
CSP represent the entities in a problem as a homogeneous collection of
finite constraints over variables, which is solved by constraint satisfaction
methods.

Real life example
automated planning, lexical disambiguation, musicology or resource
allocation.
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Conclusion
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Thank you !
Questions ? ,
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