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The fundamental unit of computation in the brain is a spike



Spikes: Biological neurons interact via single-bit spikes

Sparsity: Biological neurons spend most of their time at rest, setting most 
activations to zero at any given time

Static Suppression (aka Event-driven Processing): The sensory periphery only 
processes information when there is new information to process

Toward Biological Networks: The Three S’s



The Leaky Integrate-and-Fire Neuron



Gradient-based Learning with Spiking Neural Networks

Python package for gradient-based 

optimization of SNNs

seamless integration with PyTorch

>200,000 downloads

neuromorphic HW compatible

github.com/jeshraghian/snntorch

real-time online learning



Python package for gradient-based 

optimization of SNNs

seamless integration with PyTorch

CUDA + IPU accelerated

neuromorphic HW compatible

real-time online learning

github.com/jeshraghian/snntorch



+
Language Modelling
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Memory grows quadratically with increasing 
sequence length
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sequence length

Your brains are not undergoing 
neurogenesis with every word I say



Shrek saw Taylor with binoculars



Attention: too much information

SNNs: not enough information



SpikeGPT

The largest SNN trained via backprop & the 
first to perform language generation

Zhu, Eshraghian, et al., TMLR, 2024.
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SpikeGPT

The largest SNN trained via backprop & the 
first to perform language generation

30x less operations than a transformer of 
equal size (N=12 blocks)

Why isn’t the world using it then?

Scaling hurts.



SpikeGPT

The largest SNN trained via backprop & the 
first to perform language generation

30x less operations than a transformer of 
equal size (N=12 blocks)

MatMul-free LM

The first billion-parameter scale MatMul-free 
model to achieve language generation

Ternary parameters: 8-10x less memory

“Learning to forget”

13W at human readable throughput

Zhu, Eshraghian, et al., TMLR, 2024. Zhu, Eshraghian, et al., arXiv, 2024.



Forget Gates in Linear RNNs



Forget Gates in Linear RNNs

𝑓1 𝑓2= 0 = 1



Learning to Forget

𝑓1 𝑓2= 0 = 1

T=0 T=1 T=2

Attention: too much information

SNNs: the correct information



MatMul-free Language Modelling on Hardware
The first billion-parameter scale MatMul-free model to achieve language generation

D5005 Stratix 10
(FPGA)

Custom silicon chips
(130nm / 22nm)

Neuromorphic Processor
(Intel Loihi: 7nm)

23.8 tokens p/sec @ 13 W  

Human readable throughput: 
~5-15 tokens p/sec @ 20 W
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MatMul-free Language Modelling on Hardware
The first billion-parameter scale MatMul-free model to achieve language generation









This barely scratches the surface.





Event-based Cameras in Space

Greg Cohen, Telluride Neuro. Workshop, 2024.

RAM Camera Recording 

• 27th February 2023

• Captured at 18:33:49 UTC

• 30 second duration



Event-based Cameras in Space

Greg Cohen, Telluride Neuro. Workshop, 2024.

RAM Camera Recording 

• High-speed playback can be critical to 
spot interesting objects

• Easy to understand the geometry of the 
scene

• Information that is inherently lost when 
frames are made from the data



Event-based Cameras in Space

Greg Cohen, Telluride Neuro. Workshop, 2024.

Horizon

RSOs





UCSC Neuromorphic Computing Group
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