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Motivation



1. The inner maximization problem of standard AT is to generate adversarial examples by 

maximizing the classification loss. 

2. The inner maximization problem of standard AT is to find model parameters by 

minimizing the classification loss on adversarial examples. 

3. The inner maximization problem can be regarded as the attack strategy that guides the 

creation of AEs, which is the core to improve the model robustness. A training strategy is 

designed accordingly, which significantly improves the network’s robustness. 

Motivation
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Conventional AT LAS-AT

a is an attack strategy, i.e., the configuration of how to perform the adversarial 

attack. For example, PGD attack has three attack parameters, i.e., the attack step 

size, the attack iteration, and the maximal perturbation strength.



Contribution

Our main contributions are as follows: 

1. We propose a novel adversarial training framework by introducing the concept of “learnable attack 

strategy”, which learns to automatically produce sample-dependent attack strategies to generate AEs. Our 

framework can be combined with other state-of-the-art methods as a plug-and-play component.

2. We propose two loss terms to guide the learning of the strategy network, which involve explicitly 

evaluating the robustness of the target model and the accuracy of clean samples.

3. We conduct experiments and analyses on three databases to demonstrate the effectiveness of the 

proposed method, and the proposed method outperforms state-of-the-art adversarial training methods.

AE Generator

Strategy Net

Target Net

{𝑎1, 𝑎2,⋅⋅⋅, 𝑎𝑀}

Attack Strategy

{𝒘}

Parameters

𝒈(𝒙, 𝒂,𝒘) 𝒇𝒘(𝒙)𝒙𝒄𝒍𝒆𝒂𝒏 𝒙𝒂𝒅𝒗

REINFORCE Gradients

Training



Method

02



Method

Given an image, the strategy network outputs an attack strategy, 

i.e., the configuration of how to perform the adversarial attack. 

A combination of the selected values for these attack parameters 

is an attack strategy. The strategy network captures the 

conditional distribution of a given x and θ.

Strategy Net

Target Net

The target network is a convolutional 

network for image classification.

Adversarial Example Generator

g(·) is the PGD attack. The process is equivalent 

to solving the inner optimization problem, given 

an attack strategy a, i.e., finding the optimal 

perturbation to maximize the loss.



Method

Our Formulation of Adversarial Training:

Original Formulation of Adversarial Training:

It can be observed that the two networks compete with each other in minimizing or maximizing the 

same objective. learns to improve attack strategies according to the given samples to attack the 

target network. At the beginning of the training phase, the target network is vulnerable, which a 

weak attack can fool. Hence, the strategy network can easily generate effective attack strategies. 

The strategies could be diverse because both weak and strong attacks can succeed. As the training 

process goes on, the target network becomes more robust. The strategy network has to learn to 

generate attack strategies that create stronger AEs. Therefore, the gaming mechanism could boost 

the robustness of the target network gradually along with the improvement of the strategy network



Method

Loss of Evaluating Robustness:

Loss of Predicting Clean Samples:

Formal Formulation:

Loss of adversarial training:



Method

行业PPT模板http://www.1ppt.com/hangye/

Optimization of target network:

Optimization of strategy network:

The biggest challenge of this optimization problem is that the process of AE generation is not 

differentiable, namely, the gradient can not be backpropagated to the attack strategy through the 

AEs. Moreover, there are some non-differentiable operations (e.g. choosing the iteration times) 

related to attack , which sets an obstacle to backpropagate the gradient to the strategy network.
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➢ Learnable attack strategy: we propose a novel adversarial training framework 

by introducing the concept of “learnable attack strategy”.

➢ Two loss terms: we also propose two loss terms that involve evaluating the 

robustness of the target network and predicting clean samples.

➢ Superiority: extensive experimental evaluations are performed on three 

benchmark databases to demonstrate the superiority of the proposed method.

➢ The code is released at https://github.com/jiaxiaojunQAQ/LAS-AT .

Conclusion
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