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Artificial Neural Network
http://www.asimovinstitute.org/neural-network-zoo

● Biology inspired analytical model, but not bio-mimetic

http://www.asimovinstitute.org/neural-network-zoo
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Spiking Neural Network

● Closer to the actual biological brain
● Adapted to temporal data
● Hardware implementation with low

power consumption  
● Trained using evolutionary algorithms
● Economical models 
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Future of Computing

Slide F. Schuermannhttps://indico.cern.ch/event/708041/contributions/3308808/ 

https://indico.cern.ch/event/708041/contributions/3308808/
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Neuromorphic Hardware

Slide F. Schuermann



01/22/20
Neuromorphic for HEP, J-R Vlimant

7

On-Chip Learning

http://www.nature.com/articles/srep14730 

● Implementing plasticity in hardware
● Process signal from detector and adapt to categories of pattern

(unsupervised)

S. Bamford at DSLHC2015 
https://indico.cern.ch/event/395374/contributions/939906/ 

http://www.nature.com/articles/srep14730
https://indico.cern.ch/event/395374/contributions/939906/
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Neutrino Identification with SNN

Slide C. Schumanhttps://indico.fnal.gov/event/13497/contribution/0 

https://indico.fnal.gov/event/13497/contribution/0
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Kalman Filter on TrueNorth

https://doi.org/10.1088/1742-6596/898/4/042021 

● Experimented with IBM TrueNorth test board
● Implementing a simplified Kalman filter problem 

https://doi.org/10.1088/1742-6596/898/4/042021
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Jet Classification Benchmark

By Bartlomiej Borzyszkowski, with Maurizio Pierini
https://indico.cern.ch/event/830003/contributions/3523519/ 

https://github.com/borzyszkowski/SNN-CMS 

https://indico.cern.ch/event/830003/contributions/3523519/
https://github.com/borzyszkowski/SNN-CMS
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Dataset and Classification Task

https://arxiv.org/abs/1804.06913 

● Jet Tagging is a key aspect of HEP analysis
● Multicategory jet classification from high level features
● Used as an first-off benchmark problem

Slide S. Summers

https://arxiv.org/abs/1804.06913
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Intel Lohi

https://ieeexplore.ieee.org/document/8259423 

➢ Programmable synaptic
learning rules

➢ Most advanced
asynchronous design

➢ Supporting toolbox
NxSDK, Nengo

https://ieeexplore.ieee.org/document/8259423
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Classification Accuracy

● Comparable performance in using SNN versus ANN
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Classification Confusion Matrix

● Comparable performance in using SNN versus ANN
● Also complementary performance between models
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Future Endeavors
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Scintillating Calorimeter Signal

● Look into calorimeter signal
processing prospects

● Regression of reference time
from the pulse train ...

● Particle identification from
pulse train …

Looking forward the release of EON 
https://ieeexplore.ieee.org/document/7727192 

https://ieeexplore.ieee.org/document/7727192
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Gravitational Interferometer Signal

● Engage with LIGO/Virgo in time series processing
● Signal classification
● Anomaly detection

GW170814 
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Summary

➔Spiking neural network as an
alternative to artificial neural networks

➔Neuromorphic hardware as lower(er)
power accelerator

➔Benchmark on jet tagging task
successful first step

➔Looking into more challenging
problems
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