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We can train a neural network
without end-to-end backpropagation
and achieve competitive performance.



Sindy Löwe 
sindy_loewe 

Computational Issues of 
End-to-End Backpropagation

• Creates substantial memory 
overhead
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Weights
Activations
Gradients

GPU memory
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Computational Issues of 
End-to-End Backpropagation

• Creates substantial memory 
overhead

• Locking prevents massive 
parallelization of training
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Biological Inspiration

• Brain learns predominantly 
based on local information
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• Employ self-supervised loss 
for representation learning

Greedy InfoMax (GIM)

• Divide architecture into separate 
modules that are trained greedily 
with local loss per module
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Use local losses
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Use local losses

Split architecture at 
the “module” level
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Block gradient flow

Split architecture at 
the “module” level

Use local losses
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”Cats are awesome.”
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InfoNCE Objective preserves information 
between temporally nearby patches

[1] Oord et.al.: Representation learning with contrastive predictive coding. arXiv, 2018

[1]
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InfoNCE Objective maximizes Mutual Information 
between temporally nearby representations:

max I(zmt , zmt+k)
<latexit sha1_base64="VENPBPhyZYhRWi9M8vjlmwqUe5Y=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqCglqYIui250V8FeoI1hMp20Q2eSMDMRayi48VXcuFDErS/hzrdx0mahrT8MfPznHM6c34sYlcqyvo3c3PzC4lJ+ubCyura+YW5uNWQYC0zqOGShaHlIEkYDUldUMdKKBEHcY6TpDS7SevOOCEnD4EYNI+Jw1AuoTzFS2nLNnQ5H9/Cq9OAmanTLj2AKhwONB65ZtMrWWHAW7AyKIFPNNb863RDHnAQKMyRl27Yi5SRIKIoZGRU6sSQRwgPUI22NAeJEOsn4hhHc104X+qHQL1Bw7P6eSBCXcsg93cmR6svpWmr+V2vHyj9zEhpEsSIBnizyYwZVCNNAYJcKghUbakBYUP1XiPtIIKx0bAUdgj198iw0KmX7uFy5PilWz7M48mAX7IESsMEpqIJLUAN1gMEjeAav4M14Ml6Md+Nj0pozsplt8EfG5w/wD5cR</latexit>

 max I(zmt , zm�1
t+k )

<latexit sha1_base64="uswyaZ/BLfmbi2jMtjt4E0Cb8q0=">AAACDHicbVC7TsMwFHXKq5RXgZHFokIqAqqkIMFYwQJbkehDatLKcd3Wqp0E20GUKB/Awq+wMIAQKx/Axt/gtBmg5UiWjs45V9f3uAGjUpnmt5GZm19YXMou51ZW19Y38ptbdemHApMa9pkvmi6ShFGP1BRVjDQDQRB3GWm4w4vEb9wRIanv3ahRQByO+h7tUYyUljr5gs3ILbQ5uodXxYdOpOI2P4QJORjG7YgfWfG+Tpklcww4S6yUFECKaif/ZXd9HHLiKcyQlC3LDJQTIaEoZiTO2aEkAcJD1CctTT3EiXSi8TEx3NNKF/Z8oZ+n4Fj9PREhLuWIuzrJkRrIaS8R//NaoeqdORH1glARD08W9UIGlQ+TZmCXCoIVG2mCsKD6rxAPkEBY6f5yugRr+uRZUi+XrONS+fqkUDlP68iCHbALisACp6ACLkEV1AAGj+AZvII348l4Md6Nj0k0Y6Qz2+APjM8fSlSafw==</latexit>

Input at t+kOutput at t

[2]
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Measure quality of representations 
using linear classifier
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We can train a neural network
without end-to-end backpropagation
and achieve competitive performance.
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Top-down
ordering



Sindy Löwe 
sindy_loewe 

Performance on STL-10 Images
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GIM outperforms CPC

*

*

*leveraging unlabeled part of STL-10 dataset
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Performance on STL-10 Images
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GIM outperforms 
comparable SOTA models

*

*

*

*leveraging unlabeled part of STL-10 dataset
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Performance on LibriSpeech
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GIM slightly outperformed by 
CPC on phone classification

GIM and CPC achieve equivalent 
performance on speaker classification
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Measure speaker 
classification performance 

of intermediate layers

Layer
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GIM and CPC achieve 
similar performance in 

intermediate layers

Layer
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Performance gap for 
intermediate layers when 

using supervised loss function

Layer
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We can train a neural network
without end-to-end backpropagation
and achieve competitive performance.
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