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Verification Falsification
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Simulation driven verification

Discrepancy function
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Simulation driven verification
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Motivation
▪ Complexity of systems

▪ Test case based exploration

▪ Abundance of data

▪ Application of neural networks
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▪ Complexity of systems

▪ Test case based exploration

▪ Abundance of data

▪ Application of neural networks
Learning system dynamics

State classification

Motivation

Learning Barrier function

Our Approach

Sensitivity function



UNC-CS

Outline
✔ Introduction

• Preliminaries
• Methodology
• Evaluation
• Applications
• Discussion



UNC-CS 17

System Trajectory
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MSE: Mean Squared error
MRE: Mean Relative error



UNC-CS

Outline
✔ Introduction
✔ Preliminaries
✔ Methodology

• Evaluation
• Applications
• Discussion



UNC-CS 27

 

• If the function is learnt without error, we should be 
able to reach a destination state in one shot

• Since we use an approximation, we need to iterate 
for a couple of times to get to the destination 
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Evaluation: ReachDestination
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Evaluation: Falsification
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Evaluation: Falsification

S-Taliro
NeuralExplorer
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Evaluation: Falsification
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Evaluation: Falsification
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• Sample random states in the unsafe set

• Run ReachDestination on each state for a fixed number of 
times

• Maintain distance profiles of states explored in the initial set 
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• Sample random states in 
the unsafe set

• Run ReachDestination on 
each state for a fixed 
number of times

• Maintain distance profiles 
of states explored in the 
initial set Brussellator
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Brussellator: Change in spec
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Vanderpol
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Vanderpol: Change in time instance
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Advantages

• Each subsequent trajectory would make progress 
towards the destination

• Effective when the safety specification is modified

• Provides geometric insight
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• Approximation of sensitivity and inverse sensitivity using 
Neural networks

• Robust falsification wrt change in unsafe spec

• Density based state space exploration

• Provides geometric insights into the system behavior

Takeaways

21
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Future Work

• Handle generic systems such 
as feedback systems with 
environmental inputs

• Devise a better framework to 
reduce training time

• Explore techniques to mask 
timing information for 
reachDestination subroutine
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NeuralExplorer: State Space Exploration 
of Closed-loop Control Systems using NN
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NeuralExplorer: State Space Exploration 
of Closed-loop Control Systems using NN

Thank you!
https://github.com/mag16154/NeuralExplorer
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ReachTarget on a time interval

Mountain Car


