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Propositional Logic + SAT

Step 1. Convert it into 
first order logic formula.

Step 2. Ask the computer 
to solve the formula.

1.2 First Order Logic

Step 1. Axiom system

Step 2. Ask the computer 
to check the invariants

1.3 Auto-active Proof

Step 1. Convert program into 

mathematical formula.

Step 2. Ask the computer 

to solve the formula.

1.1 Propositional Logic

Step 0. Proof.
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Lab1: A Frequently Asked Question

Unsatisfiable



An Example

Installing a browser requires to first install 
some other software in specific versions

There should be no 
software in these versions



Package Managers



How to Solve Dependencies

package: a
version: 0
dependent: c = 0
conflict: b = 0

package: a
version: 1
dependent: c = 1

package: b
version: 0
dependent: c = 0

package: b
version: 1
dependent: c = 1

package: d
version: 0
dependent: a = 0 | a = 1, b = 0 | b = 1

package: c
version: 0

package: c
version: 1

Only one version of a package can be installed



Encode Dependencies and Conflict

package: d
version: 0
dependent: a = 0 | a = 1, b = 0 | b = 1

package: c
version: 0
conflict: c =1

Dependencies can easily be translated into clauses :

Conflict can easily be translated into binary clauses :



How to Solve Dependencies

package: a
version: 0
dependent: c = 0
conflict: b = 0

package: a
version: 1
dependent: c = 1

package: b
version: 0
dependent: c = 0

package: b
version: 1
dependent: c = 1

package: d
version: 0
dependent: a = 0 | a = 1, b = 0 | b = 1

package: c
version: 0

package: c
version: 1

Must install d0

Only one version of a package can be installed：



How to Solve Dependencies

package: a
version: 0
dependent: c = 0
conflict: b = 0

package: a
version: 1
dependent: c = 1

package: b
version: 0
dependent: c = 0

package: b
version: 1
dependent: c = 1

package: d
version: 0
dependent: a = 0 | a = 1, b = 0 | b = 1

package: c
version: 0

package: c
version: 1

Must install d0

> ./apt_dependent.py

SAT: {d0: T, b1: T, c1: T, a1: T, c0: 
F, a0: F, b0: F}

Only one version of a package can be installed：



Express Multiple Versions

package: a
version: 0

Basic idea : Use multiple variables to encode the version

package: a
version: 3

package: a
version: 2

package: a
version: 1

Version 3: (P0 ∧ P1) 



How to Solve Dependencies

package: a
version: 0
dependent: c = 0
conflict: b = 0

package: a
version: 1
dependent: c = 1

package: b
version: 0
dependent: c = 0

package: b
version: 1
dependent: c = 1

package: d
version: 0
dependent: a = 0 | a = 1, b = 0 | b = 1

package: c
version: 0

package: c
version: 1

Only one version 
of a package can 
be installed

Can LLM solve this problem?



How to Solve Dependencies

Looks fine.

Doubao

What if the problem 
becomes more 
complicated?



How to Solve Dependencies

Doubao

Wrong Answer…

Conflict
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Integrated Circuits



Gates

𝐴 ∧ 𝐵 𝐴 ∨ 𝐵 ¬𝐴

Just like Connectives！
f



Electronic Design Automation

Use SAT solvers to

• Check the logic of a designed circuit

• Verify if an optimized circuit is equivalent to the original one



Model the Logic of a Circuit

The logic can be modeled 
by a propositional logic 

formula

f



Check the Logic of a Circuit

Proof Goal: ¬𝑐 → 𝑓

How to check that if C is 
0, then f is 1?

f



Check the Logic of a Circuit

Construct a formula:
• Logic of the circuit -> Proof Goal 

If the formula is a tautology, 

the proof goal is true

Proof Goal: ¬𝑐 → 𝑓

f (¬𝑐 → 𝑓)→



Verification of Equivalence

f

a

b

c

f

t0

t1



Verification of Equivalence

If the formula is UNSAT, the 

two circuits are equivalent

f



Verification of Equivalence

Real world circuit is complicated. SAT Solver becomes slow. 

How to make 
it faster?



The Annual SAT Competitions

Encourage everyone to design more efficient solvers!

The leading solvers are all 
based on CDCL, not DPLL!
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• A back-tracking algorithm

• Traverse through all possible assignments until a dead node or the 
end

Recap: DPLL
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• Unit Propagation prune the search space by finding subsuming 
clauses & literals

Unit Propagation



Main idea of CDCL

CDCL (Conflict-Driven Clause Learning)

• Analyzes the reason of conflict, prevent them by adding Learnt Clauses

¬𝑥1 ∨ ¬𝑥2 ∧ ¬𝑥1 ∨ 𝑥3 ∧ ¬𝑥3 ∨ ¬𝑥4 ∧ 𝑥2 ∨ 𝑥4 ∨ 𝑥5 ∧

¬𝑥5 ∨ 𝑥6 ∨ ¬𝑥7 ∧ 𝑥2 ∨ 𝑥7 ∨ 𝑥8 ∧ ¬𝑥8 ∨ ¬𝑥9 ∧ ¬𝑥8 ∨ 𝑥10 ∧

𝑥9 ∨ ¬𝑥10 ∨ 𝑥11 ∧ ¬𝑥10 ∨ ¬𝑥12 ∧ ¬𝑥11 ∨ 𝑥12
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¬𝑥1 ∨ ¬𝑥2 ∧ ¬𝑥1 ∨ 𝑥3 ∧ ¬𝑥3 ∨ ¬𝑥4 ∧ 𝑥2 ∨ 𝑥4 ∨ 𝑥5 ∧

¬𝑥5 ∨ 𝑥6 ∨ ¬𝑥7 ∧ 𝑥2 ∨ 𝑥7 ∨ 𝑥8 ∧ ¬𝑥8 ∨ ¬𝑥9 ∧ ¬𝑥8 ∨ 𝑥10 ∧

𝑥9 ∨ ¬𝑥10 ∨ 𝑥11 ∧ ¬𝑥10 ∨ ¬𝑥12 ∧ ¬𝑥11 ∨ 𝑥12

𝑥1
dec ¬𝑥2

¬𝑥1∨¬𝑥2 𝑥3
¬𝑥1∨𝑥3 ¬𝑥4

¬𝑥3∨¬𝑥4 𝑥5
𝑥2∨𝑥4∨𝑥5

𝑥1 = 𝑡𝑟𝑢𝑒

𝑥6 = 𝑓𝑎𝑙𝑠𝑒

𝑥1
dec¬𝑥2

¬𝑥1∨¬𝑥2 𝑥3
¬𝑥1∨𝑥3 ¬𝑥4

¬𝑥3∨¬𝑥4 𝑥5
𝑥2∨𝑥4∨𝑥5

¬𝑥6
dec ¬𝑥7

¬𝑥5∨𝑥6∨¬𝑥7 𝑥8
𝑥2∨𝑥7∨𝑥8 ¬𝑥9

¬𝑥8∨¬𝑥9 𝑥10
¬𝑥8∨𝑥10 𝑥11

𝑥9∨¬𝑥10∨𝑥11 ¬𝑥12
¬𝑥10∨¬𝑥12

Implication Graph

The graph represents how 
we propagate the variables
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𝐴 = {𝑥1, ¬𝑥2, 𝑥3, ¬𝑥4, 𝑥5, ¬𝑥6}
𝑅 = {¬𝑥2, 𝑥5, ¬𝑥6}

Learnt clause ൯൫𝒙𝟐 ∨ ¬𝒙𝟓 ∨ 𝒙𝟔

Conflict cuts & Learnt Clauses

• When there is a conflict, we can “learn” a clause with a graph cut

𝐴
𝑅

This is the “reason” 
of the conflict. We 
can add it to the 

original formular.

¬𝑥1 ∨ ¬𝑥2 ∧ ¬𝑥1 ∨ 𝑥3 ∧ ¬𝑥3 ∨ ¬𝑥4 ∧ 𝑥2 ∨ 𝑥4 ∨ 𝑥5 ∧

¬𝑥5 ∨ 𝑥6 ∨ ¬𝑥7 ∧ 𝑥2 ∨ 𝑥7 ∨ 𝑥8 ∧ ¬𝑥8 ∨ ¬𝑥9 ∧ ¬𝑥8 ∨ 𝑥10 ∧

𝑥9 ∨ ¬𝑥10 ∨ 𝑥11 ∧ ¬𝑥10 ∨ ¬𝑥12 ∧ ¬𝑥11 ∨ 𝑥12 ൯∧ ൫𝒙𝟐 ∨ ¬𝒙𝟓 ∨ 𝒙𝟔



Optimize SAT Solver With LLM

NVIDIA leverages LLM agents to optimize the SAT Solver

Lower is better

https://arxiv.org/pdf/2509.07367

Solvers evolved by 
LLM agent

Winners of the 
SAT Competition



Optimize SAT Solver With LLM

https://arxiv.org/pdf/2509.07367



Thanks & Questions
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