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The minmax optimization
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• This optimization improves model robustness and generalization.
• PGD[1] and TRADES[2] for robust ML, VAT[3] for semi-supervised learning, and VADA[4] for domain adaptation.

The minmax optimization

• The loss function can be various:
• PGD uses cross-entropy loss • TRADES, VAT and VADA use KL-divergence

model parameterized by 𝜃
adversarial example

[1] Towards deep learning models resistant to adversarial attacks. ICLR, 2018
[2] Theoretically principled trade-off be- tween robustness and accuracy. ICML, 2019
[3] Virtual adversarial training: a regularization method for supervised and semi-supervised learning, TPAMI, 2018
[4] A dirt-t approach to unsupervised domain adaptation. ICLR, 2018 
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Adversarial local distribution

3

• Adversarial local distribution:
• Consists of all adversarial examples inside the ball constraint.
• Replaces the maximization optimization by a conditional distribution. 

• is the conditional local distribution over

• is a normalization function 

https://towardsdatascience.com/know-your-en
emy-7f7c5038bdf3
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Adversarial local distribution regularization
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• The regularization:
• improves robustness and generalization.
• can be applied to robust ML, semi-supervised learning and domain adaptation
• is a general regularization of PGD, TRADES, VAT and VADA. 

• Minimize                or equivalent to maximize            
• to be more uniform distribution 

•

• Minimizing the regularization loss leads to an enhancement in 
the model output smoothness 

https://towardsdatascience.com/know-your-en
emy-7f7c5038bdf3
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Adversarial local distribution regularization
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• is intractable to find 

• Solve by a particle-based method to sample 

https://towardsdatascience.com/know-your-en
emy-7f7c5038bdf3

𝑛: is the number of samples (or adversarial particles)



THANH NGUYEN

Approximate the adversarial local distribution
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• Stein Variational Gradient Decent (SVGD) is a particle-based inference method 
using a functional gradient decent to approximate a ground-truth distribution. 

Qiang Liu and Dilin Wang. Stein variational gradient descent: A general purpose bayesian inference algorithm. In Proceedings of NeurIPS, volume 29, 2016 
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Adversarial local distribution regularization
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• Robust machine learning
• CIFAR10 dataset
• ResNet18

Natural and robust accuracy comparison using CIFAR10 with ResNet18. 

Robust accuracy: accuracy of model with perturbed images
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Adversarial local distribution regularization
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• Semi-supervised learning
• CIFAR10 dataset

• Trainset: 4,000 labeled samples, 56,000 unlabeled samples
• Testset: 10,000 samples

Performance comparison between our method and VAT
using mixup technique for all adversarial particles
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Thank You


