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Learning without Forgetting
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Incremental Learning

• Catastrophic forgetting
• Stability-plasticity dilemma

Task A Task B ……

I can solve 
Task A

I can solve
Task A&B

 Need to be solved：
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Incremental Learning

• Continual Learning
• Incremental Learning
• Life long Learning
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Incremental Learning
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Learning without Forgetting (LwF)
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Learning without Forgetting (LwF)
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Experiments
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Overcoming catastrophic forgetting in neural
networks

PNAS 2017
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Elastic weight consolidation(EWC)
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Elastic weight consolidation(EWC)

ConstantB Likelihood Hard to solve!
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Elastic weight consolidation(EWC)

Laplace Approximation

(a) It is equivalent to the second derivative of the 
loss near a minimum.

(b) It can be computed from first-order derivatives 
alone and is thus easy to calculate even for large 
models.

(c) It is guaranteed to be positive semi-definite.

Hessian Matrix

Fisher Information Matrix

Taylor expansion to 2 order
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Experiments



Nanjing University of Aeronautics and Astronautics

iCaRL: Incremental Classifier and 
Representation Learning

CVPR 2017
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iCaRL

P2

Task 1

P1

Task 2

P2 P1

Task 3

P2

P3

……

➢ Training data for a small number of classes has to be present at the 
same time and new classes can be added progressively.
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iCaRL
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iCaRL
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Gradient Episodic Memory for Continual 
Learning

NIPS 2017
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Gradient Episodic Memory (GEM)

Angle < 90°：

Constrained optimization：

Not saving θ

Angle > 90°? ：
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PackNet: Adding Multiple Tasks to a Single 
Network by Iterative Pruning

CVPR 2018
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PackNet



Nanjing University of Aeronautics and Astronautics

Progressive Neural Networks

NIPS 2016
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Progressive Neural Networks (PNN)
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Conclusion

Regularization: 

Replay: 

Parameter isolation: Need more parameters and computation.

Need extra memory.

Need related tasks.



THANKS


