
Complete Verification via Multi-Neuron 
Relaxation Guided Branch-and-Bound

Mark Müller Nikola Jovanović Martin VechevClaudio Ferrari



Adversarial Examples

Goodfellow, Ian J., Jonathon Shlens, and Christian Szegedy. "Explaining and harnessing adversarial examples.“  2



Neural Network Verification
Robustness property:
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Key Challenge: Convex
Approximation of ReLU Layer
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Kaidi Xu, Huan Zhang, Shiqi Wang, Yihan Wang, Suman Jana, Xue Lin, and Cho-Jui Hsieh. Fast and complete: Enabling complete neural network 
verification with rapid and massively parallel incomplete verifiers.
Shiqi Wang, Huan Zhang, Kaidi Xu, Xue Lin, Suman Jana, Cho-Jui Hsieh, and J Zico Kolter. Beta-crown: Efficient bound propagation with per-neuron split 
constraints for neural network robustness verification.
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Verified Accuracy and average runtime on the first 100 samples of the 
test set for > = 1/255

+ 12%
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Conclusion
MN-BaB:

Combines Multi-Neuron Constraints with the Branch-and-Bound
approach in a fully GPU-based solver

Paper:

https://www.sri.inf.ethz.ch/publications/ferrari2022complete
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