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Task Information & Representation Objectives
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• Two common SSL techniques: 
• Contrastive learning: build invariant 

representation to sets of augmentations

• Reconstruction based: recover input 
signal or encoding of the input from 
encoded features

• Assumption: learned invariances or 
features still capture task-relevant 
information

• Core question: How is task-relevant 
information distributed across the 
data?



Linear Reconstruction
• Linear reconstruction approaches 

learn the principal components of 
data
• For natural images → sinusoids varying 

frequency 𝜔

• Reconstruction power = Fourier 
energy (Parseval’s Identity)
•  First 5 components (Excluding DC): 99.90%

•  Last 27 components:  0.10% 

• ill-conditioned optimization 
• Energy distribution spans 3 orders of magnitude

• Where is the task information in 
these bands?

3

Baldi, P., & Hornik, K. (1989). Neural networks and principal component analysis: Learning from examples without local minima. Neural Networks, 2, 53-58.

Hancock, P.J., Baddeley, R.J., & Smith, L.S. (1992). The principal components of natural images. Network: Computation In Neural Systems, 3, 61-70.
Hyvärinen, A., Hurri, J., & Hoyer, P.O. (2009). Natural Image Statistics – A9 Probabilistic Approach to Early Computational Vision. Computational Imaging and Vision.



Task Information: Redundantly Distributed Across Subspaces
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The low-frequency subspace of the input data is most predictive of the task. 

However, the high-frequency subspace is also remarkably predictive of the 

task
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Optical Flow

Semantic Segmentation

Depth 

Estimation



Current Research Directions
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Understanding Masked 
Autoencoders

Context Modulated
Motion Coding

A. Bisulco*, R. Ramesh*, R. Balestriero, P. Chaudhari, “From Linearity to Non-Linearity: How Masked Autoencoders Capture Spatial Correlations,” 

International Conference on Computer Vision Submission, Feb. 2025.
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