
Neural Model Checking
Mirco Giacobbe et al.

2025-01-22 1

presenter: Byoungho Son



Intro

• LTL verification with proof certificates

• proof certificates represented as Neural Networks

• verification done on hardware designs

• unsupervised / sound / practical

2025-01-22 2



: relation over                and

Some Notations
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•

•

: set of (bit-vector) variables 

•

•

: register variables 

: input variables 

• : state (valuation over               )

• : observable variables for atomic props in LTL



Recall: Automata-Theoretic LTL MC

• how to check ㅑ ?

• 1) build an NBA for
• states of this NBA: (s, q)

• 2) check if final (or fair) states in F can be visited i.o.
• can -> return false (+ counterexample: lasso)

• cannot -> return true (+ proof certificate: ranking function)
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i.e. ranking function :                                           where               : well-founded               

Ranking Functions as Proofs
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A ranking function takes a state of the synchronous product as input, and outputs a rank

Conditions for ranking functions:



Ranking Functions as NN’s
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Ranking functions are represented by neural networks:

where,

•

•



Synchronous Products 
& Ranking Functions
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Learn-and-Check Procedure
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Task:    verify



To train , for each quadruple                         , minimize the following:

Learning
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• if        , 

Suppose loss = 0.

• if        , 

Overall, the training ensures the following total loss function to take value zero:



Learning
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Learning

• Suppose training resulted in zero loss

• What do we have?

• Conditions (1) & (2) hold for the dataset D

• But not necessarily for any transitions in

• So we need the “checking” phase
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Checking

2025-01-22 12

SMT Solver

(For efficiency reasons, ranking functions are quantized as integers)

a satisfying assignment UNSAT
(verified)



Evaluation
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* timeout = 5h
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