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Quick Preview

• The problem of batch normalization in exemplar-based CIL

• Task-Balanced Batch Normalization (TBBN) for exemplar-based CIL
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Motivation

• In exemplar-based Class-Incremental Learning (CIL)
– Most methods only focus to propose a novel loss func.
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Research question:
What are we missing?

The settings used in single-task training



Motivation

• The case of Batch Normalization (BN) [10]
– In training phase of exemplar-based CIL, BN statistics gets biased

4[10] S. Loffe, et al., “Batch normalization: Accelerating deep network training by reducing internal covariate shift”. ICML 2015.
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Motivation

• The case of Batch Normalization (BN)
– In test phase, BN layer is mismatched with test data distribution
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Motivation

• Experimental verification of the biased BN
– Dataset: ImageNet-100 (10 classes × 10 tasks)
– Algorithm: finetuning (FT) with exemplar memory saving 2000 images
– Model: ResNet-32
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Proposed Method

• Task-Balanced Batch Normalization (TBBN)
– Calculate task-balanced (mu, sigma^2) with a balanced batch
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Proposed Method

• Task-Balanced Batch Normalization (TBBN)
– Learn a task-balanced (𝛾,𝛽) from a balanced batch
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Both 𝛾 and 𝛽 are trained by a 
gradient from the balanced batch

In the test phase, TBBN works 
exactly same to the original BN



Experimental Result

• Quantitative Result
– Comparing TBBN with other normalization layers

• Class-IL scenario: 10 classes × 10 tasks
• Algorithm: finetuning (FT) with exemplar memory saving 2000 images
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CN[11] requires 
to tune a 

hyperparameter

[11] Q. Pham et al., “Continual normalization: Rethinking batch normalization for online continual learning”. ICLR 2022.

TBBN outperforms others without hyperparameter tuning



Experimental Result

• Quantitative Result
– Applying TBBN to various CIL baselines

• Class-IL scenario: 10 classes × 10 tasks, Exemplar memory: 2000 images
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TBBN can be applied 
to various existing 

CIL baselines



Concluding Remarks

• We tackle the biased problem of BN in exemplar-based CIL.

• To solve the above problem, we propose Task-Balanced Batch
Normalization for exemplar-based class-IL.

• Applying TBBN to existing CIL methods makes performance 
improvement of them, without any hyperparameter tuning.
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Thank you!


