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Motivation & Definition

Motivation
• Study of example forgetting during the learning process

 Definition
• “learnt”: examples are correctly classified at some time 𝑡.
• “first learnt”: the epoch in which samples are “learnt” for the first time. 
• “last learnt”: the epoch in which samples are “learnt” for the last time.

➢ “forgetting event”: examples that have been “learnt” at some time 𝑡 in the 
optimization process are subsequently misclassified at a time 𝑡′. (𝑡′ > 𝑡)

➢ “forgetting number”: the number of “forgetting event” occurs in the learning 
process.

➢ “unforgettable examples”: examples that are never forgotten once “learnt”.
➢ “most forgettable examples”: the example with the largest “forgetting number”.
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Experiments & Conclusions & Analysis

 Conclusions
• There exist a large number of unforgettable examples in benchmark datasets, i.e., 

examples that are never forgotten once learnt, those examples are stable with 
different seeds and neural architectures.

• Examples with noisy labels are among the most forgotten examples, along with 
images with “uncommon” features, visually complicated to classify. 

✓ Training a neural network on a dataset where a very large fraction of the least 
forgotten examples have been removed still results in extremely competitive 
performance on the test set.

(Noisy detection)



Experiments & Conclusions & Analysis

 Conclusion 1
• There exist a large number of unforgettable examples in benchmark datasets, i.e., 

examples that are never forgotten once learnt, those examples are stable with 
different seeds and neural architectures.



Experiments & Conclusions & Analysis

 Conclusion 2
• Examples with noisy labels are among the most forgotten examples, along with 

images with “uncommon” features, visually complicated to classify. 



Experiments & Conclusions & Analysis

 Conclusion 3
• Training a neural network on a dataset where a very large fraction of the least 

forgotten examples have been removed still results in extremely competitive 
performance on the test set.



Visualization



Discussion

Noisy examples & “Hard” examples

• Noisy examples and “hard” examples are easily forgotten by models.

• From conclusion 2, no noisy examples are unforgettable, which means all 
unforgettable examples are clean examples. 

• However, from conclusion 3, the performance of the model is basically unchanged 
with the most of “unforgettable” examples being removed. It shows that the 
“unforgettable” examples are not helpful to the model training. (有就行了，多无用)

• In other words, we only need “hard” examples. However, the noisy examples are 
also often “most forgettable”, and we don’t want these noisy examples.



Discussion & Idea

 Clean examples
• Clean “easy” examples  (Far away from the classification plane, strong correlation)
• Clean “hard” examples  (Close to the classification plane, weak correlation)

Noisy examples
• Noisy “easy” examples: clean “easy” examples + noisy labels
• Noisy “hard” examples: clean “hard” examples + noisy labels

 Idea: when noisy “easy” examples are remembered by model, the clean 
“easy” examples may be forgotten more seriously. Can these phenomena 
be used to identify noisy samples? 

(more important)



Our Experiments



Co-Imitating



Co-Teaching

Co-teaching+ (ICML, 2019) -> “complementary peer learning” 

Co-teaching (NIPS, 2018) -> “peer review” 

O2U



Self Imitation Learning (ICML, 2018)



Co-Imitating

 Two agents learn the demonstration from each other.

 Study:
• How to select demonstrations
• Diversity of agents
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