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Image source:  Jacob Granley 2022

Computation modeling of sensory circuits

ØHypotheses, in-silico validation, neural information 

processing mechanisms …

ØBuilding AI algorithms (CNNs, Attention …)

ØBrain-machine interface, neuroprosthetics …

① Yamins, Daniel LK, and James J. DiCarlo. Nature Neuroscience, 2016.
② Doerig, Adrien, et al. Nature Reviews Neuroscience, 2023.
③ Turner, Maxwell H., et al. Nature Neuroscience, 2019.
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Challenge: these neural circuits involve numerous

complex nonlinear processes.

Solution: Artificial neural networks

Image source:  L. McIntosh, 2016

Image source:  Manuel Molano-Mazon, 2018

Image source: E. Batty, 2017

Problem to solve: A computational model for the

natural stimuli-neural response mapping
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Limit 1: Lossy Target

Image source:  Rimjhim Tomar, 2019

① Gerstner, Wulfram, et al. PNAS, 1997
② Gerstner, Wulfram, et al. 2014.

Most of the existing works focus on
simulating the firing rates directly.

Firing rates only characterize some
aspects of the original spike train, as a
trial-averaged spike statistic.

Spike trains of multiple trials

Firing rate histogram Information lost
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Limit 2: Unnatural Paradigm

! Unnatural paradigmPre-defined fixed-length temporal filters:
• Bio-unrealistic
• Introducing more hyper-params
• Inflexible

! Natural paradigm



Methodology: Problem formulation
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Visual stimuli

At time t:

Latent neural 
codes

Compressive 
mapping

Neural response

Predictive 
mapping

!  What we want 
to predict

① Chalk, Matthew, Olivier Marre, and Gašper Tkačik. PNAS, 2018.
② Alemi, Alexander A., et al. ICLR, 2017.



To Tackle Limit 1 (lossy target)
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① Akbarian, Amir, et al. Nature Communications, 2021.
② Gregor, Karol, et al. ICML, 2015.



To Tackle Limit 2 (unnatural paradigm)
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① Chung, Junyoung, et al. NeurIPS, 2015.
② Whittington, James CR, et al. Cell, 2020.
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Figure 1. Firing rate prediction 
visualizations.

Figure 2. Firing rate prediction CC score comparison.

TeCoS-LVM Models Accurately Fit Real Spike Activities and Statistics
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Figure 1. Spike train prediction rasters. Figure 3. Multi-trial prediction rasters of an example 

neuron.

Figure 2. Spike train dissimilarity score comparison.

TeCoS-LVM Models Accurately Fit Real Spike Activities and Statistics
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Figure 1. Spike autocorrelograms. Firing rate-
targeted approaches loss spike autocorrelation 

information.

Figure 2. Learned TeCoS-LVM models generalize 
to longer time scales.



Experimental Results 4

11



Experimental Results 5

12



13

Author 
Homepage:

Project link 
(in progress):

Thanks for listening


