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The Hebbian Update Problem

• Hebbian learning is biologically plausible but struggles in modern deep 
networks.

• Key issues: unstable updates and a lack of a clear, scalable objective.

• This limits performance and explainability.



Key idea and intuition

• Our Insight: Preserve Structure
Reformulate "Neurons that fire together, wire together" as a mathematical objective:

Loss = |𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦௢௨௧௣௨௧ − 𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦௜௡௣௨௧|

• The goal: Make relationships between samples in the output match the input.

• Theoretically, this finds the optimal low-dimensional projection of the input data. 



Our method



Results: State-of-the-Art Performance

SPHeRe outperforms existing Hebbian methods on standard 
benchmarks.



Results: Superior Reconstruction

SPHeRe-encoded features best reconstruct original images, 
retaining more complete information.



Results: Effective in Continual Learning
Resists "Catastrophic Forgetting“:
Our features are general and robust to distribution shifts.



Future works

Some current flaws and possible future direction:
Current SPHeRe and all other Hebb-like methods:

1. lack scalability to deeper networks. 
2. require high channel width to replace depth


