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Neurons and Action Potentials
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Neurons and Action Potentials
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Spiking Neural Network (SNN)

u_n\/\

input spiking neuron i

output spiking neuron j

w7
[Lobo et al., Neural Networks 121, 2020]
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Gradient Descent not applicable on SNNs

ANN

Forward pass of activity
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Gradient Descent not applicable on SNNs
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Step function over spike. Gradient descent
and backprop not possible.
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Gradient Descent Issues with ANNs

* Problem of Vanishing and Exploding Gradients
* In backpropagation step — zero or huge gradients
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[Yegenoglu et al., LOD 2020]
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Problem depends on:

* |nitialization of weights e.qg.
w;; ~ N(0,1)
 Activation Functions
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Optimization with Learning to Learn

Outer loop

Learning to Learn (L2L)
* Generalization on new data

Optimizer

Evolutionary strategies

Filtering strategies
Simulated annealing
Cross entropy

Simulation
hyperparameters

Performance of
model M in task T

sets via experience
* Parameter space exploration
* Variety of optimization

Optimizee —{Inner loop

Neural network
or single cell
model (M)

Simulation of the
dynamics of M for
a specific task

Performance
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Task T from F

Pool of tasks
from family F

Performance
metric

[Yegenoglu et al., Front. Comput. Neurosci. 2022]
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Optimization with Learning to Learn
Learning to Learn (L2L)
* Generalization on new data

Optlmlzer : Outer loop sets via experience
Eyolqtlonary str_ateg|es .
ek e, performance of « Parameter space exploration

model M in task T . .. .
SEmeTR * Variety of optimization
algorithms
Simulati i
hyperparameters * e.g. ensemble Kalman filter
' (EnKF)
Optimizee — Inner loo Performance
Ngjm Rk Simulation of thep calculation
or single cell dynamics of M for
model (M) a specific task
¥
Task T from F Perforlmlance
Pool of tasks metric

from family F

[Yegenoglu et al., Front. Comput. Neurosci. 2022]
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Kalman Filter - Intuition

Model State prediction step
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physical model
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[https://en.wikipedia.org/wiki/Kalman_filter] modified
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[https://en.wikipedia.org/wiki/Kalman_filter]

Classification with EnKF

MNIST & Letter dataset
Logistic function

* Optimizer: EnKF

* [Yegenoglu et al., LOD 2020]
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Classification with EnKF

* MNIST & Letter dataset
* Logistic function

Optimizer: EnKF
[Yegenoglu et al., LOD 2020]
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Reservoir Computing

Input Reservoir Decoders

X —— Y

Stt)

[Avesani et al., Neural Networks 2015]
* fixed reservoir

* connections to output are trained
* here: input encoded into firing rates
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Optimizing with L2L a Spiking Reservoir

Yo Y1 Y2
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Outer Loop
optimize
weights

Inner Loop

ensemble
members:
weights
fitness
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Reservoir Fithess

¢ 98 individuals

* connection weights
optimized
* 7 nodes a 16 tasks
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Reservoir Fithess

98 individuals 02
* connection weights 0.4
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* 7 nodes a 16 tasks Generations
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Swarm Optimization

* Foraging for food and avoiding obstacles
 Collaboration and communication
* Evolution over (long) time/generations
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Swarm Optimization

Foraging for food and avoiding obstacles

Collaboration and communication

Evolution over (long) time/generations

here: optimize agents to help Nikolaus to collect presents
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Setting — Agents

(a) Nikolaus (b) Agent of Nikolaus aka angel (c) Presents
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Setting — Network

Right Fairy Dust Receptor

Middle Fairy Dust Receptor

Left Fairy Dust Receptor *

Right Nikolaus Receptor
Middle Nikolaus Receptor
Left Nikolaus Receptor
Nikolaus Receptor
Reward: Cookies
Punishment: The rod
Red Photoreceptor

Green Photoreceptor

Heartbeat _
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Optimization

Genetic Algorithm
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Video
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Outlook

* Extend to different datasets

* Learning parameter mapping with ANNs (e.g. auto-encoder)

* Neuro-architecture search with evolutionary algorithms (neuroevolution)
* Swarm evolution using stigmergy: ants (multiple pheromones), drones
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Summary

* Training SNNs is not straightforward
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Summary

* Training SNNs is not straightforward

* Optimization via L2L and EnKF

9 JULICH

Member of the Helmholtz Association December 8, 2022 Slide 17 Forschungszentrum



Summary

* Training SNNs is not straightforward

* Optimization via L2L and EnKF

* Different learning tasks/applications
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Thank you for your attention
and a merry Christmas & a happy new year

contact: a.yegenoglu@fz-juelich.de
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