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The computational abilities of biological 
neurons and the relation to their neural 
network counterparts



This was derived from a collaboration between 
Tuyen and I where we looked at how children learn



Biological Neurons

Computational Abilities

The Deep Learning Context

This talk explores the computational ability of 
neurons



The neuron are the fundamental unit of the nervous 
system



The neuron have 4 main components



The synapse is a structure that allows the neuron to 
transmit a signal to a neighboring cell
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Chemical synapses transfers signals through a 
biochemical process

pre-synapse

post-synapse
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Chemical synapses transfers signals through a 
biochemical process



Synapses can also transmit signals electrically



The McCulloch-Pitts Neuron was the original 
mathemiccal neuron model



The McCulloch-Pitts Neuron was the original 
mathematical neuron model



You can easily represent AND and OR functions with 
this model
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The single neuron model can be summarized a sum 
of inputs filtered by a threshold function 

Brunel et.al, 2021



In modern neuron models the threshold function is 
replaced by a LNP model 

Brunel et.al, 2021
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In the following we will be focusing on the neurons 
related to visual stimuli



In modern neuron models the threshold function is 
replaced by a LNP model 

Brunel et.al, 2021



The linear filter operates on a pixel matrix input
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The linear filter operates on a pixel matrix input



Detect the flies filter by checking response to all the pixels



The linear filter

The linear filter is a matrix k with same 
dimensionality as x

The filter is multiplied by the input



The non-linear function

The filter output the input of a non-linear function



The non-linear function for a LIF neuron

Brunel et.al, 2021



The poisson spike generator

The spike train emitted from the neuron is created 
by an inhomogeneous poisson process with rate 



The poisson distribution has had a lot of different 
applications
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applications



The poisson spike generator

The spike train emitted from the neuron is created 
by an inhomogeneous poisson process with rate 



The traditional view with g being sum can be 
challenged



Neurologist has long been interested in neurons 
ability to multiply signals

Hassenstein-Reichardt-
Detector

Qiu et.al, 2023



Recently, the multiplication of signals have been 
biologically proven and explained



The T4 neuron of the fly is monitored



The fly is placed in front of a monitor
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The T4 neuron has several incoming dendrites

Groschner et.al, 2021



The voltage response of neurons component parts 
are measured

Groschner et.al, 2021



The correlation between the incoming synapses and 
the T4 neuron

Groschner et.al, 2021



The voltage response of neurons component parts 
are measured

Groschner et.al, 2021



The neuron responds when the light moves in the 
primary direction



The flys ability to detect direction of moving light 
could be chemically disabled

Groschner et.al, 2021



So why are we talking about neurons?



The neurons are the inspiration for neural networks



The standard view of a neural network neuron



Following biology we can consider other neuron models for NN



Multiplication neural networks have been explored



The multiplicative sum is actually equivalent to the additive sum



The object function can potentially be replaced by a LNP process

Correct placement of LNP?
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The object function can potentially be replaced by a LNP process



A more reasonable approach for a DNN might be to 
use a multilayer neuron model



● Probability distribution

Other possibilities



Thank you for your attention


