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Class-Imbalance Problem

Faces [Zhang et al. 2017] Places [Wang et al. 2017]

Actions [Zhang et al. 2019]Species [Van Horn et al. 2019]

 Long-tailed data is everywhere.

 Class-imbalance issue: DNNs perform 

well on balanced data, but always fail 

on long-tailed tasks

 Intuitive solutions: re-sampling, re-

weighting



Limitations of Resampling Methods

 Resampling: down-sampling for majority class

➢ Expensive information is lost

➢ Training multiple DNNs is costly

 Resampling: up-sampling for minority class

➢ Overfitting to minority class



Limitations of Reweighting Methods

 Reweighting

➢ Re-weighting loss by inverse class 
frequency cannot perform well.

➢ There is information overlap among 
data.

➢ Difficult to optimize when weights are 
large

 Solution: effective number

➢ Inversely proportional to the effective 
number of samples.



A New Viewpoint: Margin

Core idea: Shifting the boundary by adjusting the margin.

➢ 𝛾1 (𝛾2) represents the margin toward 
class 1 (2).

How to find the optimal margin?



Label-Distribution-Aware Margin Loss

 Revisit the margin theory.

➢ Define the margin of an example (𝑥, 𝑦)

•

➢ Define the margin for each class 

•

➢ Margin generalization bound 

•



Label-Distribution-Aware Margin Loss

 Find the optimal margin

➢ Imbalanced setting:

•

➢ Adjust 𝛾1 and 𝛾2 by shifting the boundary

•

➢ Optimal solution: 

➢ Balanced case: 𝛾1 = 𝛾2



Label-Distribution-Aware Margin Loss

 Loss functions with efficient margins

➢ Enforce 𝛾𝑖 = 𝐶 ∙ 𝑛𝑖
−1/4

➢ Extension of multi-class hinge loss

➢ Extension of cross entropy



Rethinking Training Strategies

 ERM
➢ Minority classes have worse training error.

 Re-sampling
➢ Overfitting to minority classes.

 Re-weighting 
➢ Difficulties and instabilities in training.



Deferred Re-Weighting (DRW) 

➢ Re-weighting (Re-sampling) only after annealing the learning rate.

Re-weighting

Training: imbalanced
Testing: balanced

CVPR2020 [Zhou et al.]



LDAM-DRW



Experiments: IMDB

• ERM: all the examples have the same weights.
• RS: each example is sampled with probability proportional to the inverse 

sample size of its class.
• RW: we re-weight each sample by the inverse of the sample size of its class, 

and then re-normalize to make the weights 1 on average in the mini-batch

Class-imbalance: remove 90% of negative reviews.



Experiments: CIFAR 

Imbalance ratio:

• HG: Hinge loss

• DRS: Deferred Re-Weighting

• M-DRW: cross entropy loss with 
uniform margin



Experiments: iNaturalist
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