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Abstract
• Demonstrating how a modern SAT solver works on a small example.
• Target Algorithm
• Conflict-Driven Clause Learning (CDCL)
• 1-UIP learning + far-backtracking
• details are omitted(decision heuristics, efficient data 
structure, etc.,)
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An Example Problem
• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9
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Implication GraphDecide

Clause DB

Implication Graph

• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9
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Implication Graph
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• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9
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Implication GraphDecide
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Implication Graph
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• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9
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• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9
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• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9
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Implication GraphDeduce
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• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9
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Implication GraphDeduce
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Implication Graph
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ω1

ω1

• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9
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Implication GraphDeduce
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Implication Graph
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ω1

ω1
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• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9
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• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9
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• ω7: ¬x8 ∨ x9
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• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9

Conflict
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Implication Graph

Clause DB

Implication Graph
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• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9

Diagnose
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Implication Graph

Clause DB

Implication Graph

x1@1 x2@2
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x8@4
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ω1

ω1

ω2

ω3

ω3 ω4

ω5

ω5

ω6

ω6

• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9

Diagnose

ω6:
¬x8∨¬x9

Conflict
Side

Reason
Side
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• ω4: ¬x7 ∨ x8
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Diagnose
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Conflict
Side

Reason
Side
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Diagnose

ω6:
¬x8∨¬x9

ω4:
¬x7∨x8
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¬x2∨¬x7∨x9

Conflict
Side

Reason
Side
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¬x8∨¬x9
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• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9

Diagnose

ω6:
¬x8∨¬x9

ω4:
¬x7∨x8

¬x7∨¬x9 ω5:
¬x2∨¬x7∨x9

¬x2 ∨ ¬x7

Conflict
Side

Reason
Side
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Clause DB
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• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9

Diagnose

ω6:
¬x8∨¬x9

ω4:
¬x7∨x8

¬x7∨¬x9 ω5:
¬x2∨¬x7∨x9

¬x2 ∨ ¬x7

It contains one literal 
in the current 

decision level (i.e. 4). Conflict
Side

Reason
Side
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• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9

Diagnose

ω6:
¬x8∨¬x9

ω4:
¬x7∨x8

¬x7∨¬x9 ω5:
¬x2∨¬x7∨x9

¬x2 ∨ ¬x7

It contains one literal 
in the current 

decision level (i.e. 4).

• ω8: ¬x2 ∨ ¬x7
New clause is learnt !

Conflict
Side

Reason
Side
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• ω1: ¬x1 ∨ ¬x4 ∨ x5
• ω2: ¬x4 ∨ x6
• ω3: ¬x5 ∨ ¬x6 ∨ x7
• ω4: ¬x7 ∨ x8
• ω5: ¬x2 ∨ ¬x7 ∨ x9

• ω6: ¬x8 ∨ ¬x9
• ω7: ¬x8 ∨ x9

Backtrack

Learnt clause:
¬x2 ∨ ¬x7

• ω8: ¬x2 ∨ ¬x7

x2 was set at level 2
x7 was set at level 4

Assertion level of this 
clause (which is the 
second highest level) 
is 2. 

⇒ Backtrack to level 2!
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