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Limitations:
1. Availability of unlabeled data
2. Dependence of algorithms on pseudo-labels
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Assumption

Undesirable features are shared among
diverse image datasets .
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Non-robust classifier

𝐷in~

Robust
feature extractor

Non-robust 
feature extractor

𝑧1 × 𝑤1

𝑧2 × 𝑤2

≫

~𝒩(𝑦,𝐴)

~𝒩(𝜂𝑦,𝐵)

𝐿𝑜𝑠𝑠 𝜎 𝑧1𝑤1 + 𝑧2𝑤2 ,𝑦
where 𝑦 = given label
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Adversarial training

𝐷in~

Robust
feature extractor

Non-robust 
feature extractor

𝑧1 × 𝑤1

𝑧2 × 𝑤2

~𝒩(𝑦,𝐴)

~𝒩(𝜂𝑦,𝐵)

0
𝐿𝑜𝑠𝑠 𝜎 ǁ𝑧1𝑤1 + ǁ𝑧2𝑤2 ,𝑦
where ǁ𝑧 = perturbed feature

7 / 15



Proposed method

𝐷out~

Robust
feature extractor

Non-robust 
feature extractor

𝑧1 × 𝑤1

𝑧2 × 𝑤2

~𝒩(0,𝑎)

~𝒩(𝜂𝑞,𝐵)

𝐿𝑜𝑠𝑠 𝜎 ǁ𝑧1𝑤1 + ǁ𝑧2𝑤2 ,𝑦
′

where 𝑦′ = decision boundary
0
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Proposed method
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Experimental details

I 80M-TI: An OOD dataset created from the 80 Million Tiny
Images dataset (Torralba et al.,2008) using confidence-based
OOD detection algorithm (Carmon et al., 2019).

I Mainly compare the following setting:
I PGD: The model trained using PGD-based adversarial training

(Madry et al., 2017)on the target dataset.
I TRADES: The model trained using TRADES (Zhang et al., 2019)

on the target dataset.
I OATPGD: The model which is adversarially trained with OAT based

on a PGD approach.
I OATTRADES: The model which is adversarially trained with OAT

based on TRADES.
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Adversarial training results
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Adversarial training results
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Standard training results
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Conclusion

I Propose out-of-distribution data augmented training (OAT) to
leverage OOD data for adversarial and standard learning.

I Our theoretical analyses demonstrate how our proposed method
can improve robust and standard generalization.

I The experimental results on CIFAR-10, CIFAR-100, and a
subset of ImageNet suggest that OAT can help reduce the
generalization gap in adversarial and standard learning.

I By applying OAT using various OOD datasets, it is shown that
undesirable features are shared among diverse image datasets.
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Thank you!

https://github.com/Saehyung-Lee/OAT
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