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Private & ConfidentialMotivation

Problem: How to learn useful representations when we don’t have access to labels? 

Approach: Understand what should be learned and then derive how to learn it

This work:   Use causality to formalize self-supervised learning

○ Provide alternative explanation for contrastive learning (current SoTA)
○ New objective based on invariant prediction
○ Strong theoretical and empirical generalization results 



Private & ConfidentialCausal Formalization

Content is an invariant predictor of target under style interventions: 

Use data augmentations as simulated 
interventions on the unobserved style

A representation needs to 

1. Capture directly relevant information: content 

2. Discard spuriously correlated aspects: style 



Private & ConfidentialDefining proxy tasks

Targets are unobserved. How do we 
define sensible proxy tasks to solve? 

Contrastive learning does instance discrimination: 
the most fine-grained refinement!

Causality explains why contrastive learning produces 
useful representations!
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Theorem:

If the proxy task used for learning is a 
refinement, the resulting representation 
will be useful for downstream tasks 

Refinements are more fine-grained 
instances of the original problem.



Private & ConfidentialReLIC objective

Learning principle:



Private & ConfidentialLinear Evaluation on ImageNet

† uses stronger 
augmentations

* uses standard 
augmentations



Private & ConfidentialRobustness and Out-of-Distribution Generalization

ImageNet-C (corrupted)
Images with diverse corruptions of varying strengths

Tests: robustness of representation

ImageNet-R (rendered)
New renditions of 200 ImageNet classes
Tests: out-of-distribution generalization



Private & ConfidentialPerformance on RL benchmark - Atari
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