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Real-World Data Distribution
iNaturalist Dataset Long-Tailed Data Distribution

§ Real-world data follows an imbalanced (or long-tailed) distribution.
§ DNNs trained on highly skewed data suffer from majority-biased decision boundary.

Long-Tailed Data Distribution and Its Challenge 
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Stage 1: BNS for Representation Learning
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§ Learn effective and well-separated feature space by capturing instance-level and class-level semantics
§ Maximize mutual information between two feature spaces for the original and the augmented data, respectively

Our Key Idea and Objective

Balanced Negative Sampling

§ Sample (m+1) positive pairs and n(m+1) negative pairs:

§ Capture instance-level and class-level semantics:

Intra-Class Distance Mutual Information Theorem



Stage 2: IP-DPP for Imbalance Classification
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§ Rectify majority-biased decision boundary by sampling balanced and mathematically informative instances:

Mathematical Properties for a Valid DPP

Information-Preservable Property

Information-Preservable Determinantal Point Process (IP-DPP)



Comparison to Baseline Methods
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Performance Results on Small-Scale Datasets

Our approach outperformed baseline methods on both small- and large-scale datasets.

§ Dataset: CIFAR-10-LT, CIFAR-100-LT, ImageNet-LT, and iNaturalist 2018
§ Baseline Method: Focal Loss, LDAM Loss, 𝜏-norm, RIDE, KCL, TSC, SBCL, OTmix, and DisA
§ Metric: Many-shot, Medium-shot, Few-shot, and Overall Accuracies

Performance Results on Large-Scale Datasets

Experimental Settings



Evaluation on Representation Learning
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Linear Probing Accuracy

Our approach learned effective and well-separated feature space.

§ Dataset: CIFAR-10-LT and CIFAR-100-LT
§ Baseline Method: KCL, TSC, and SBCL
§ Metric: Many-shot, Medium-shot, Few-shot, and Overall Accuracies

t-SNE Visualization on CIFAR-10-LT



Conclusion
§ This work has proposed an information-preservable two-stage learning approach for 

addressing the long-tailed data distribution in real scenarios.
§ Our key contributions include Balanced Negative Sampling (BNS) and Information-

Preservable Determinantal Point Process (IP-DPP).
§ BNS learned effective and well-separated feature space by capturing instance-level 

and class-level semantics. Meanwhile, IP-DPP rectified majority-biased decision 
boundary by sampling mathematically informative instances.

§ Our approach demonstrates theoretical soundness and empirical effectiveness in 
addressing imbalanced classification.
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Thank you!
Q & A
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