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When an axon of cell A […] excites cell B and 
repeatedly or persistently takes part in firing it, 
some growth process or metabolic change takes 
place in one or both cells so that A’s efficiency as 
one of the cells firing B is increased.  

D.O. Hebb, The Organization of Behavior, 1949.

http://www.zenkelab.org/
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Problem
Hebbian plasticity does not learn good representations in deep neural networks

http://www.zenkelab.org/
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Plasticity

Latent space
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Two fundamental questions
How does the brain do credit assignment?
Which objective do sensory networks optimize?

Manu Srinath Halvagal

Halvagal and Zenke (2022)
https://www.biorxiv.org/content/10.1101/2022.03.17.484712v3

http://www.zenkelab.org/
https://www.biorxiv.org/content/10.1101/2022.03.17.484712v3


.ch www.zenkelab.org

Idea: Use prediction in latent space as learning objective 
(Also the core idea of self-supervised learning in ML)

http://www.zenkelab.org/
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Idea: Use prediction in latent space as learning objective 
(Also the core idea of self-supervised learning in ML)

Oja (1982):

http://www.zenkelab.org/
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Pull Push
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A loss function combining prediction (pull) with variance maximization (push)

with

important

Same idea as in SFA: “Encourage slowness of representation”

http://www.zenkelab.org/
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The Latent Predictive Learning rule (LPL) 
A local learning rule that extends BCM theory

Pull Push

Beyond BCM

Postsynaptic activity

“pre” “post” Moving threshold

BCM: Bienenstock, Cooper, and Munroe (1982)

http://www.zenkelab.org/
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There is substantial experimental support at the synaptic and 
neuronal level for this type of Hebbian plasticity 

Cooper and Bear (2012). Nat Rev Neurosci 13, 798–810. Ngezahayo, Schachner, and Artola (2000). 
J. Neuroscience 20, 2451–2458
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Training deep networks with LPL and “positive samples”

● VGG-11 model
● Neurons in all layers

learn with LPL 
● Layer-local: no backprop
● Prevent neuronal co-adaptation

(e.g., lateral inhibition)

http://www.zenkelab.org/
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LPL progressively learns invariant representations
After “watching” millions of image sequences … 

http://www.zenkelab.org/
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Interim summary
● Yes, LPL disentangles representions in deep nets
● LPL combines Hebbian and predictive plasticity
● LPL is a local learning rule that combined with 

decorrelation does quite well
● Looks similar to and extends BCM learning rule

Is LPL consistent with experiments?
Big question

http://www.zenkelab.org/
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Area 1 Area 2 Area 3

Circuit level

Network level

Neuronal level

Is LPL consistent with experiments?

1) Network-level
2) Neuronal/synaptic level

http://www.zenkelab.org/
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Unsupervised Natural Experience Rapidly Alters Invariant 
Object Representation in Visual Cortex

(Li and DiCarlo, 2008)

http://www.zenkelab.org/
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LPL accounts for experiments

(Li and DiCarlo, 2008)

http://www.zenkelab.org/
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Area 1 Area 2 Area 3

Circuit level

Network level

Neuronal level

LPL is consistent with representation changes at the network level

1) Network-level
2) Neuronal/synaptic level

http://www.zenkelab.org/


  .ch www.zenkelab.org

What about spiking nets and STDP?

http://www.zenkelab.org/
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Training spiking networks online

Zenke and Ganguli (2018). Neural Computation
Zenke and Neftci (2021). Proceedings of the IEEE

http://www.zenkelab.org/


.ch www.zenkelab.org

The spiking LPL rule

+ inhibitory neurons & plasticity

Based on SuperSpike: Zenke & Ganguli (2018)

http://www.zenkelab.org/
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LPL in spiking neural networks (SuperSpike + LPL Loss)

Inhibitory Plasticity
Vogels, T.P., Sprekeler, H., Zenke, F., Clopath, C., and Gerstner, W. (2011)

LPL
local learning rule

http://www.zenkelab.org/
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LPL accounts for STDP and rate-based plasticity effects 
and predicts variance-dependent metaplasticity

Plot from: Pfister & Gerstner (2006)
Data: Sjöström et al. (2001) 

LPL

Predicts change of STDP window
with postsynaptic variance

http://www.zenkelab.org/
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Area 1 Area 2 Area 3

Circuit level

Network level

Neuronal level

LPL is consistent with observed synaptic plasticity

1) Network-level
2) Neuronal/synaptic level

http://www.zenkelab.org/


.ch www.zenkelab.org

Summary 
● LPL: A plausible local online rule that learns good representations in 

deep networks through prediction
● Consistent with experiments

– Synaptic plasticity level (BCM, STDP)
– Network representation level

● Predicts new form of metaplasticity which should manifest in 
modulation of STDP window

● Ongoing work: More realistic video input and check whether LPL 
accounts for other experiments (e.g., Matteucci and Zoccolan, 2020)

http://www.zenkelab.org/
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