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How does meta-learning work? 

• There are multiple tasks  

• Each task has training data  and validation data  

• Meta-learning can solve an unseen task by 

             - leveraging past experience from previous tasks 

             - adapting to new task training data

𝒯j ∼ P(𝒯)

𝒟tr 𝒟*val = (X*, Y*)

Both are necessary! 



Example: regression on linearly related data

Meta-training Task 1 Task training data 

Task validation data

Dtr
<latexit sha1_base64="mlFs2HyaGuOfCzk3RSseIN8U/wc=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIVH7uiLlxWsA9oQ5hMJ+3QySTM3BRKyJ+4caGIW//EnX9jkgZR64GBwzn3cs8cLxJcg2V9GpWl5ZXVtep6bWNza3vH3N3r6DBWlLVpKELV84hmgkvWBg6C9SLFSOAJ1vUmN7nfnTKleSgfYBYxJyAjyX1OCWSSa5qDgMCYEpHcpm4CKnXNutWwCuBFYpekjkq0XPNjMAxpHDAJVBCt+7YVgZMQBZwKltYGsWYRoRMyYv2MShIw7SRF8hQfZcoQ+6HKngRcqD83EhJoPQu8bDLPqf96ufif14/Bv3QSLqMYmKTzQ34sMIQ4rwEPuWIUxCwjhCqeZcV0TBShkJVVK0q4ynH+/eVF0jlp2KeN0/uzevO6rKOKDtAhOkY2ukBNdIdaqI0omqJH9IxejMR4Ml6Nt/loxSh39tEvGO9fPaWUMQ==</latexit>

Dval
<latexit sha1_base64="qCXBXRFUKqU2PUhmP0fqL84gj0k=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRWfOyKunBZwT6gDWEynbRDJ5MwM6mUmE9x40IRt36JO//GSRpErQcGDufcyz1zvIhRqSzr0ygtLa+srpXXKxubW9s7ZnW3I8NYYNLGIQtFz0OSMMpJW1HFSC8SBAUeI11vcpX53SkRkob8Ts0i4gRoxKlPMVJacs3qIEBqjBFLrlM3mSKWumbNqls54CKxC1IDBVqu+TEYhjgOCFeYISn7thUpJ0FCUcxIWhnEkkQIT9CI9DXlKCDSSfLoKTzUyhD6odCPK5irPzcSFEg5Czw9mQWVf71M/M/rx8o/dxLKo1gRjueH/JhBFcKsBzikgmDFZpogLKjOCvEYCYSVbquSl3CR4fT7y4ukc1y3G/XG7UmteVnUUQb74AAcARucgSa4AS3QBhjcg0fwDF6MB+PJeDXe5qMlo9jZA79gvH8B9jyUmA==</latexit>



Example: regression on linearly related data

Meta-training Task 2 Task training data 

Task validation data

Dtr
<latexit sha1_base64="mlFs2HyaGuOfCzk3RSseIN8U/wc=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIVH7uiLlxWsA9oQ5hMJ+3QySTM3BRKyJ+4caGIW//EnX9jkgZR64GBwzn3cs8cLxJcg2V9GpWl5ZXVtep6bWNza3vH3N3r6DBWlLVpKELV84hmgkvWBg6C9SLFSOAJ1vUmN7nfnTKleSgfYBYxJyAjyX1OCWSSa5qDgMCYEpHcpm4CKnXNutWwCuBFYpekjkq0XPNjMAxpHDAJVBCt+7YVgZMQBZwKltYGsWYRoRMyYv2MShIw7SRF8hQfZcoQ+6HKngRcqD83EhJoPQu8bDLPqf96ufif14/Bv3QSLqMYmKTzQ34sMIQ4rwEPuWIUxCwjhCqeZcV0TBShkJVVK0q4ynH+/eVF0jlp2KeN0/uzevO6rKOKDtAhOkY2ukBNdIdaqI0omqJH9IxejMR4Ml6Nt/loxSh39tEvGO9fPaWUMQ==</latexit>

Dval
<latexit sha1_base64="qCXBXRFUKqU2PUhmP0fqL84gj0k=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRWfOyKunBZwT6gDWEynbRDJ5MwM6mUmE9x40IRt36JO//GSRpErQcGDufcyz1zvIhRqSzr0ygtLa+srpXXKxubW9s7ZnW3I8NYYNLGIQtFz0OSMMpJW1HFSC8SBAUeI11vcpX53SkRkob8Ts0i4gRoxKlPMVJacs3qIEBqjBFLrlM3mSKWumbNqls54CKxC1IDBVqu+TEYhjgOCFeYISn7thUpJ0FCUcxIWhnEkkQIT9CI9DXlKCDSSfLoKTzUyhD6odCPK5irPzcSFEg5Czw9mQWVf71M/M/rx8o/dxLKo1gRjueH/JhBFcKsBzikgmDFZpogLKjOCvEYCYSVbquSl3CR4fT7y4ukc1y3G/XG7UmteVnUUQb74AAcARucgSa4AS3QBhjcg0fwDF6MB+PJeDXe5qMlo9jZA79gvH8B9jyUmA==</latexit>



Example: regression on linearly related data

Meta-training Task 3 Task training data 

Task validation data

Dtr
<latexit sha1_base64="mlFs2HyaGuOfCzk3RSseIN8U/wc=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIVH7uiLlxWsA9oQ5hMJ+3QySTM3BRKyJ+4caGIW//EnX9jkgZR64GBwzn3cs8cLxJcg2V9GpWl5ZXVtep6bWNza3vH3N3r6DBWlLVpKELV84hmgkvWBg6C9SLFSOAJ1vUmN7nfnTKleSgfYBYxJyAjyX1OCWSSa5qDgMCYEpHcpm4CKnXNutWwCuBFYpekjkq0XPNjMAxpHDAJVBCt+7YVgZMQBZwKltYGsWYRoRMyYv2MShIw7SRF8hQfZcoQ+6HKngRcqD83EhJoPQu8bDLPqf96ufif14/Bv3QSLqMYmKTzQ34sMIQ4rwEPuWIUxCwjhCqeZcV0TBShkJVVK0q4ynH+/eVF0jlp2KeN0/uzevO6rKOKDtAhOkY2ukBNdIdaqI0omqJH9IxejMR4Ml6Nt/loxSh39tEvGO9fPaWUMQ==</latexit>

Dval
<latexit sha1_base64="qCXBXRFUKqU2PUhmP0fqL84gj0k=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRWfOyKunBZwT6gDWEynbRDJ5MwM6mUmE9x40IRt36JO//GSRpErQcGDufcyz1zvIhRqSzr0ygtLa+srpXXKxubW9s7ZnW3I8NYYNLGIQtFz0OSMMpJW1HFSC8SBAUeI11vcpX53SkRkob8Ts0i4gRoxKlPMVJacs3qIEBqjBFLrlM3mSKWumbNqls54CKxC1IDBVqu+TEYhjgOCFeYISn7thUpJ0FCUcxIWhnEkkQIT9CI9DXlKCDSSfLoKTzUyhD6odCPK5irPzcSFEg5Czw9mQWVf71M/M/rx8o/dxLKo1gRjueH/JhBFcKsBzikgmDFZpogLKjOCvEYCYSVbquSl3CR4fT7y4ukc1y3G/XG7UmteVnUUQb74AAcARucgSa4AS3QBhjcg0fwDF6MB+PJeDXe5qMlo9jZA79gvH8B9jyUmA==</latexit>



Example: regression on linearly related data

Meta-testing Task Task training data 

Task validation data

Dtr
<latexit sha1_base64="mlFs2HyaGuOfCzk3RSseIN8U/wc=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIVH7uiLlxWsA9oQ5hMJ+3QySTM3BRKyJ+4caGIW//EnX9jkgZR64GBwzn3cs8cLxJcg2V9GpWl5ZXVtep6bWNza3vH3N3r6DBWlLVpKELV84hmgkvWBg6C9SLFSOAJ1vUmN7nfnTKleSgfYBYxJyAjyX1OCWSSa5qDgMCYEpHcpm4CKnXNutWwCuBFYpekjkq0XPNjMAxpHDAJVBCt+7YVgZMQBZwKltYGsWYRoRMyYv2MShIw7SRF8hQfZcoQ+6HKngRcqD83EhJoPQu8bDLPqf96ufif14/Bv3QSLqMYmKTzQ34sMIQ4rwEPuWIUxCwjhCqeZcV0TBShkJVVK0q4ynH+/eVF0jlp2KeN0/uzevO6rKOKDtAhOkY2ukBNdIdaqI0omqJH9IxejMR4Ml6Nt/loxSh39tEvGO9fPaWUMQ==</latexit>

Dval
<latexit sha1_base64="qCXBXRFUKqU2PUhmP0fqL84gj0k=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRWfOyKunBZwT6gDWEynbRDJ5MwM6mUmE9x40IRt36JO//GSRpErQcGDufcyz1zvIhRqSzr0ygtLa+srpXXKxubW9s7ZnW3I8NYYNLGIQtFz0OSMMpJW1HFSC8SBAUeI11vcpX53SkRkob8Ts0i4gRoxKlPMVJacs3qIEBqjBFLrlM3mSKWumbNqls54CKxC1IDBVqu+TEYhjgOCFeYISn7thUpJ0FCUcxIWhnEkkQIT9CI9DXlKCDSSfLoKTzUyhD6odCPK5irPzcSFEg5Czw9mQWVf71M/M/rx8o/dxLKo1gRjueH/JhBFcKsBzikgmDFZpogLKjOCvEYCYSVbquSl3CR4fT7y4ukc1y3G/XG7UmteVnUUQb74AAcARucgSa4AS3QBhjcg0fwDF6MB+PJeDXe5qMlo9jZA79gvH8B9jyUmA==</latexit>



What if all of the meta-training tasks 
can be solved by a single model?



A single model can solve all of the training tasks zero-shot

Meta-training Tasks Task training data 

Task validation data

Dtr
<latexit sha1_base64="mlFs2HyaGuOfCzk3RSseIN8U/wc=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIVH7uiLlxWsA9oQ5hMJ+3QySTM3BRKyJ+4caGIW//EnX9jkgZR64GBwzn3cs8cLxJcg2V9GpWl5ZXVtep6bWNza3vH3N3r6DBWlLVpKELV84hmgkvWBg6C9SLFSOAJ1vUmN7nfnTKleSgfYBYxJyAjyX1OCWSSa5qDgMCYEpHcpm4CKnXNutWwCuBFYpekjkq0XPNjMAxpHDAJVBCt+7YVgZMQBZwKltYGsWYRoRMyYv2MShIw7SRF8hQfZcoQ+6HKngRcqD83EhJoPQu8bDLPqf96ufif14/Bv3QSLqMYmKTzQ34sMIQ4rwEPuWIUxCwjhCqeZcV0TBShkJVVK0q4ynH+/eVF0jlp2KeN0/uzevO6rKOKDtAhOkY2ukBNdIdaqI0omqJH9IxejMR4Ml6Nt/loxSh39tEvGO9fPaWUMQ==</latexit>

Dval
<latexit sha1_base64="qCXBXRFUKqU2PUhmP0fqL84gj0k=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRWfOyKunBZwT6gDWEynbRDJ5MwM6mUmE9x40IRt36JO//GSRpErQcGDufcyz1zvIhRqSzr0ygtLa+srpXXKxubW9s7ZnW3I8NYYNLGIQtFz0OSMMpJW1HFSC8SBAUeI11vcpX53SkRkob8Ts0i4gRoxKlPMVJacs3qIEBqjBFLrlM3mSKWumbNqls54CKxC1IDBVqu+TEYhjgOCFeYISn7thUpJ0FCUcxIWhnEkkQIT9CI9DXlKCDSSfLoKTzUyhD6odCPK5irPzcSFEg5Czw9mQWVf71M/M/rx8o/dxLKo1gRjueH/JhBFcKsBzikgmDFZpogLKjOCvEYCYSVbquSl3CR4fT7y4ukc1y3G/XG7UmteVnUUQb74AAcARucgSa4AS3QBhjcg0fwDF6MB+PJeDXe5qMlo9jZA79gvH8B9jyUmA==</latexit>



However, such solution cannot solve meta-testing tasks  
without using the task training data

Meta-testing 

Ҙ

Task training data 

Task validation data

Dtr
<latexit sha1_base64="mlFs2HyaGuOfCzk3RSseIN8U/wc=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIVH7uiLlxWsA9oQ5hMJ+3QySTM3BRKyJ+4caGIW//EnX9jkgZR64GBwzn3cs8cLxJcg2V9GpWl5ZXVtep6bWNza3vH3N3r6DBWlLVpKELV84hmgkvWBg6C9SLFSOAJ1vUmN7nfnTKleSgfYBYxJyAjyX1OCWSSa5qDgMCYEpHcpm4CKnXNutWwCuBFYpekjkq0XPNjMAxpHDAJVBCt+7YVgZMQBZwKltYGsWYRoRMyYv2MShIw7SRF8hQfZcoQ+6HKngRcqD83EhJoPQu8bDLPqf96ufif14/Bv3QSLqMYmKTzQ34sMIQ4rwEPuWIUxCwjhCqeZcV0TBShkJVVK0q4ynH+/eVF0jlp2KeN0/uzevO6rKOKDtAhOkY2ukBNdIdaqI0omqJH9IxejMR4Ml6Nt/loxSh39tEvGO9fPaWUMQ==</latexit>

Dval
<latexit sha1_base64="qCXBXRFUKqU2PUhmP0fqL84gj0k=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRWfOyKunBZwT6gDWEynbRDJ5MwM6mUmE9x40IRt36JO//GSRpErQcGDufcyz1zvIhRqSzr0ygtLa+srpXXKxubW9s7ZnW3I8NYYNLGIQtFz0OSMMpJW1HFSC8SBAUeI11vcpX53SkRkob8Ts0i4gRoxKlPMVJacs3qIEBqjBFLrlM3mSKWumbNqls54CKxC1IDBVqu+TEYhjgOCFeYISn7thUpJ0FCUcxIWhnEkkQIT9CI9DXlKCDSSfLoKTzUyhD6odCPK5irPzcSFEg5Czw9mQWVf71M/M/rx8o/dxLKo1gRjueH/JhBFcKsBzikgmDFZpogLKjOCvEYCYSVbquSl3CR4fT7y4ukc1y3G/XG7UmteVnUUQb74AAcARucgSa4AS3QBhjcg0fwDF6MB+PJeDXe5qMlo9jZA79gvH8B9jyUmA==</latexit>



Another example

If you tell the robot the task goal, the robot can ignore the trials.

Ttest

“close box”

meta-training …

“close drawer” “hammer” “stack”

T50

T Yu, D Quillen, Z He, R Julian, K Hausman, C Finn, S Levine. Meta-World. CoRL ‘19



• We formally define it as the (complete) memorization problem: 

• We identify that memorization is a general problem in many meta-
learning algorithms, e.g. MAML, CNP

I( ̂y*val; 𝒟tr |x*val, θ) = 0, ̂y*val ⊥ 𝒟tr |x*val, θor equivalently



Can we do something about it?



•  For mutually exclusive tasks (single function cannot solve all tasks):  

            —>  Not a problem! 

   e.g. Few-shot classification: randomly shuffle the class labels across tasks 

Suggests a potential approach: control information flow.

• For non-mutually exclusive tasks (single function can solve all tasks): 

            —> multiple local optimums in the meta-learning objective 

An entire spectrum of local optimums are based on how information flows.

Memorize tasks 
Ignore 𝒟tr

Only use  
Ignore meta-training data

𝒟tr
What we want



minimize meta-training loss + information in θ

+βDKL(q(θ; θμ, θσ)∥p(θ))ℒ(θ, 𝒟meta−train)

• Can combine with many meta-learning algorithms, eg. 
MR-MAML, MR-CNP

Meta-regularization (MR)

•  Regularizes parameters that don’t control the adaptation

•  Can be derived from PAC-Bayes theory



(and it’s not just as simple as standard regularization)

On pose prediction task:

Omniglot without label shuffling: “non-mutually-exclusive” Omniglot

TAML: Jamal & Qi. Task-Agnostic Meta-Learning for Few-Shot Learning. CVPR ‘19



Collaborators

• Memorization is a prevalent problem for many meta-learning tasks and 
algorithms  

• Whether the algorithm converges to the memorization solution is related 
to the information flow 

• Meta-regularization places precedence on using information from  

over storing info in .

𝒟tr
θ

Takeaways 

Code link: https://github.com/google-research/google-research/tree/master/meta_learning_without_memorization 
Poster, slides & video link: https://mingzhang-yin.github.io/publications

https://github.com/google-research/google-research/tree/master/meta_learning_without_memorization
https://mingzhang-yin.github.io/publications

