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Generalization and Overfitting
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n As the model overfits the training data, the generalization error 
increases.

Ref: https://scikit-learn.org/stable/auto_examples/model_selection/plot_underfitting_overfitting.html



Generalization and Flatness
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n Skip connections in ResNet lead to flat minima and better 
generalization

Ref: He, Kaiming, et al. "Deep residual learning for image recognition." In CVPR. 2016
        Li, Hao, et al. "Visualizing the loss landscape of neural nets." Advances in neural information processing systems 31 (2018).



Generalization and Flatness
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n Recent works show that flat minima lead to better generalization

Ref: Keskar, Nitish Shirish, et al. "On large-batch training for deep learning: Generalization gap and sharp minima." in ICLR 2017
        Foret, Pierre, et al. "Sharpness-aware minimization for efficiently improving generalization." in ICLR 2021.



Zeroth-order flatness and first-order flatness
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n Zeroth-order flatness – sharpness aware minimization (SAM)

Ref: Foret, Pierre, et al. "Sharpness-aware minimization for efficiently improving generalization." in ICLR 2021.



Zeroth-order flatness and first-order flatness
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n zeroth-order flatness and first-order flatness



GAM：gradient norm aware minimization
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n The definition of GAM

Definition (Gradient norm Aware Minimization (GAM)). For any 𝜌 > 0, GAM is defined as



GAM：gradient norm aware minimization
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n The approximation and optimization of GAM



GAM：gradient norm aware minimization
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n The properties of GAM

Generalization 
error bound

Convergence

Hessian 
eigenvalue



GAM：gradient norm aware minimization
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n Experimental results on CIFAR-10 and CIFAR-100



GAM：gradient norm aware minimization
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n Experimental results on ImageNet and transfer learning



GAM：gradient norm aware minimization
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n GAM Hessian spectrum and visualization 
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Thanks！

Github:  https://github.com/xxgege/GAM
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