
Visual processing is often 
characterized as implementing 
probabilistic inference. [1][2]

We distinguish between explicit 
and implicit inference [3]:

explicit: neurons compute the 
posterior over variables in an 
internal model of the world.
implicit: probabilistically 
“decoding” a distribution over 
other variables that aren't 
explicitly inferred

One candidate algorithm to do 
explicit probabilistic inference, is 
‘neural sampling' .

neural responses represent 
samples from the posterior 
probability distribution over 
latent variables in the brain's 
internal model of the world.

A second debate concerns 
whether neural responses 
represent samples of latent 
variables (sampling with explicit 
representation) [11] or parameters 
of their distributions (log 
probabilities for exponential 
families). [4][5]

We propose that V1 spikes 
represent binary samples from a 
linear model of the image.
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The spike rate in sampling 
code is proportional to the 
marginal posterior probability 
over the variable represented 
by the neuron
Spike rates in our model can 
be interpreted as parameters 
of an exponential family 
(linear PPC)
Firing rates are proportional 
to probability over Gabor 
features (explicit) but log 
probability over orientation 
(implicit)
Neural responses in this 
model show contrast-
invariant tuning.
LIF network can implement 
sampling in binary linear-
Gaussian image model

ConclusionsIntroduction

p =
1

�t
=


⌧ ln

✓
I
input current

I
input current

+ (V
rest

�V
threshold

)

◆��1

<latexit sha1_base64="3+yS5m5qMEcbHCtmVZOu64fB4As="></latexit><latexit sha1_base64="3+yS5m5qMEcbHCtmVZOu64fB4As="></latexit><latexit sha1_base64="3+yS5m5qMEcbHCtmVZOu64fB4As="></latexit> Vrest = �70mV
<latexit sha1_base64="NPWJijRU7zWS3fIJN4acLmnSPx8=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL4tF8GJJRagehKIXjxVMW2hD2Gw27dLdTdjdCCXEi3/FiwcVr/4Mb/4bt20O2vpg4PHeDDPzgoRRpR3n2yotLa+srpXXKxubW9s79u5eW8WpxMTFMYtlN0CKMCqIq6lmpJtIgnjASCcY3Uz8zgORisbiXo8T4nE0EDSiGGkj+fZBP4hZCLO2n0midJ7DK3jacHjbt6tOzZkCLpJ6QaqgQMu3v/phjFNOhMYMKdWrO4n2MiQ1xYzklX6qSILwCA1Iz1CBOFFeNv0gh8dGCWEUS1NCw6n6eyJDXKkxD0wnR3qo5r2J+J/XS3V04WVUJKkmAs8WRSmDOoaTOGBIJcGajQ1BWFJzK8RDJBHWJrSKCaE+//Iicc9qlzXn7rzavC7SKINDcAROQB00QBPcghZwAQaP4Bm8gjfryXqx3q2PWWvJKmb2wR9Ynz9o+pXC</latexit><latexit sha1_base64="NPWJijRU7zWS3fIJN4acLmnSPx8=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL4tF8GJJRagehKIXjxVMW2hD2Gw27dLdTdjdCCXEi3/FiwcVr/4Mb/4bt20O2vpg4PHeDDPzgoRRpR3n2yotLa+srpXXKxubW9s79u5eW8WpxMTFMYtlN0CKMCqIq6lmpJtIgnjASCcY3Uz8zgORisbiXo8T4nE0EDSiGGkj+fZBP4hZCLO2n0midJ7DK3jacHjbt6tOzZkCLpJ6QaqgQMu3v/phjFNOhMYMKdWrO4n2MiQ1xYzklX6qSILwCA1Iz1CBOFFeNv0gh8dGCWEUS1NCw6n6eyJDXKkxD0wnR3qo5r2J+J/XS3V04WVUJKkmAs8WRSmDOoaTOGBIJcGajQ1BWFJzK8RDJBHWJrSKCaE+//Iicc9qlzXn7rzavC7SKINDcAROQB00QBPcghZwAQaP4Bm8gjfryXqx3q2PWWvJKmb2wR9Ynz9o+pXC</latexit><latexit sha1_base64="NPWJijRU7zWS3fIJN4acLmnSPx8=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL4tF8GJJRagehKIXjxVMW2hD2Gw27dLdTdjdCCXEi3/FiwcVr/4Mb/4bt20O2vpg4PHeDDPzgoRRpR3n2yotLa+srpXXKxubW9s79u5eW8WpxMTFMYtlN0CKMCqIq6lmpJtIgnjASCcY3Uz8zgORisbiXo8T4nE0EDSiGGkj+fZBP4hZCLO2n0midJ7DK3jacHjbt6tOzZkCLpJ6QaqgQMu3v/phjFNOhMYMKdWrO4n2MiQ1xYzklX6qSILwCA1Iz1CBOFFeNv0gh8dGCWEUS1NCw6n6eyJDXKkxD0wnR3qo5r2J+J/XS3V04WVUJKkmAs8WRSmDOoaTOGBIJcGajQ1BWFJzK8RDJBHWJrSKCaE+//Iicc9qlzXn7rzavC7SKINDcAROQB00QBPcghZwAQaP4Bm8gjfryXqx3q2PWWvJKmb2wR9Ynz9o+pXC</latexit>

Sampling time =5ms
<latexit sha1_base64="/+07PUNW4NCjscM8g9A5SzHtCyw=">AAACD3icbVDLSgMxFM34rPU16tJNsIiuyowo6kIounFZ0dpCZyiZ9LYNTTJDkhHKMJ/gxl9x40LFrVt3/o3pY6GtBwKHc+7l5J4o4Uwbz/t25uYXFpeWCyvF1bX1jU13a/tex6miUKMxj1UjIho4k1AzzHBoJAqIiDjUo/7V0K8/gNIslndmkEAoSFeyDqPEWKnlHgRRzNvZLRE2TXZx0NMJoZD5QuSGCcAXOMcnQrfcklf2RsCzxJ+QEpqg2nK/gnZMUwHSUE60bvpeYsKMKMMoh7wYpBpsUp90oWmpJAJ0mI0OyvG+Vdq4Eyv7pMEj9fdGRoTWAxHZSUFMT097Q/E/r5mazlmYMZmkBiQdB3VSjk2Mh+3gNlNADR9YQqhi9q+Y9ogi1NgOi7YEf/rkWVI7Kp+XvZvjUuVy0kYB7aI9dIh8dIoq6BpVUQ1R9Iie0St6c56cF+fd+RiPzjmTnR30B87nD6winIg=</latexit><latexit sha1_base64="/+07PUNW4NCjscM8g9A5SzHtCyw=">AAACD3icbVDLSgMxFM34rPU16tJNsIiuyowo6kIounFZ0dpCZyiZ9LYNTTJDkhHKMJ/gxl9x40LFrVt3/o3pY6GtBwKHc+7l5J4o4Uwbz/t25uYXFpeWCyvF1bX1jU13a/tex6miUKMxj1UjIho4k1AzzHBoJAqIiDjUo/7V0K8/gNIslndmkEAoSFeyDqPEWKnlHgRRzNvZLRE2TXZx0NMJoZD5QuSGCcAXOMcnQrfcklf2RsCzxJ+QEpqg2nK/gnZMUwHSUE60bvpeYsKMKMMoh7wYpBpsUp90oWmpJAJ0mI0OyvG+Vdq4Eyv7pMEj9fdGRoTWAxHZSUFMT097Q/E/r5mazlmYMZmkBiQdB3VSjk2Mh+3gNlNADR9YQqhi9q+Y9ogi1NgOi7YEf/rkWVI7Kp+XvZvjUuVy0kYB7aI9dIh8dIoq6BpVUQ1R9Iie0St6c56cF+fd+RiPzjmTnR30B87nD6winIg=</latexit><latexit sha1_base64="/+07PUNW4NCjscM8g9A5SzHtCyw=">AAACD3icbVDLSgMxFM34rPU16tJNsIiuyowo6kIounFZ0dpCZyiZ9LYNTTJDkhHKMJ/gxl9x40LFrVt3/o3pY6GtBwKHc+7l5J4o4Uwbz/t25uYXFpeWCyvF1bX1jU13a/tex6miUKMxj1UjIho4k1AzzHBoJAqIiDjUo/7V0K8/gNIslndmkEAoSFeyDqPEWKnlHgRRzNvZLRE2TXZx0NMJoZD5QuSGCcAXOMcnQrfcklf2RsCzxJ+QEpqg2nK/gnZMUwHSUE60bvpeYsKMKMMoh7wYpBpsUp90oWmpJAJ0mI0OyvG+Vdq4Eyv7pMEj9fdGRoTWAxHZSUFMT097Q/E/r5mazlmYMZmkBiQdB3VSjk2Mh+3gNlNADR9YQqhi9q+Y9ogi1NgOi7YEf/rkWVI7Kp+XvZvjUuVy0kYB7aI9dIh8dIoq6BpVUQ1R9Iie0St6c56cF+fd+RiPzjmTnR30B87nD6winIg=</latexit>

LIF ⌧ = 10ms
<latexit sha1_base64="OMhWk+mHlacV84T11SdYnnohpio=">AAACDHicbVDLSgMxFM3UV62vUZduglVwVWZEUBdCURAFFxUcW+gMJZPJtKHJZEgyQhn6A278FTcuVNz6Ae78G9N2Ftp6IHDuOfdyc0+YMqq043xbpbn5hcWl8nJlZXVtfcPe3LpXIpOYeFgwIVshUoTRhHiaakZaqSSIh4w0w/7FyG8+EKmoSO70ICUBR92ExhQjbaSOveeHgkUwv7m+HEK/p1KESe5ybgqNMngGXYerjl11as4YcJa4BamCAo2O/eVHAmecJBozpFTbdVId5EhqihkZVvxMEbOpj7qkbWiCOFFBPr5mCPeNEsFYSPMSDcfq74kccaUGPDSdHOmemvZG4n9eO9PxSZDTJM00SfBkUZwxqAUcRQMjKgnWbGAIwpKav0LcQxJhbQKsmBDc6ZNniXdYO605t0fV+nmRRhnsgF1wAFxwDOrgCjSABzB4BM/gFbxZT9aL9W59TFpLVjGzDf7A+vwBypuaTQ==</latexit><latexit sha1_base64="OMhWk+mHlacV84T11SdYnnohpio=">AAACDHicbVDLSgMxFM3UV62vUZduglVwVWZEUBdCURAFFxUcW+gMJZPJtKHJZEgyQhn6A278FTcuVNz6Ae78G9N2Ftp6IHDuOfdyc0+YMqq043xbpbn5hcWl8nJlZXVtfcPe3LpXIpOYeFgwIVshUoTRhHiaakZaqSSIh4w0w/7FyG8+EKmoSO70ICUBR92ExhQjbaSOveeHgkUwv7m+HEK/p1KESe5ybgqNMngGXYerjl11as4YcJa4BamCAo2O/eVHAmecJBozpFTbdVId5EhqihkZVvxMEbOpj7qkbWiCOFFBPr5mCPeNEsFYSPMSDcfq74kccaUGPDSdHOmemvZG4n9eO9PxSZDTJM00SfBkUZwxqAUcRQMjKgnWbGAIwpKav0LcQxJhbQKsmBDc6ZNniXdYO605t0fV+nmRRhnsgF1wAFxwDOrgCjSABzB4BM/gFbxZT9aL9W59TFpLVjGzDf7A+vwBypuaTQ==</latexit><latexit sha1_base64="OMhWk+mHlacV84T11SdYnnohpio=">AAACDHicbVDLSgMxFM3UV62vUZduglVwVWZEUBdCURAFFxUcW+gMJZPJtKHJZEgyQhn6A278FTcuVNz6Ae78G9N2Ftp6IHDuOfdyc0+YMqq043xbpbn5hcWl8nJlZXVtfcPe3LpXIpOYeFgwIVshUoTRhHiaakZaqSSIh4w0w/7FyG8+EKmoSO70ICUBR92ExhQjbaSOveeHgkUwv7m+HEK/p1KESe5ybgqNMngGXYerjl11as4YcJa4BamCAo2O/eVHAmecJBozpFTbdVId5EhqihkZVvxMEbOpj7qkbWiCOFFBPr5mCPeNEsFYSPMSDcfq74kccaUGPDSdHOmemvZG4n9eO9PxSZDTJM00SfBkUZwxqAUcRQMjKgnWbGAIwpKav0LcQxJhbQKsmBDc6ZNniXdYO605t0fV+nmRRhnsgF1wAFxwDOrgCjSABzB4BM/gFbxZT9aL9W59TFpLVjGzDf7A+vwBypuaTQ==</latexit>

V
threshold

= �55mV
<latexit sha1_base64="xVCnO3ANEKI3E3lPBXakSXzwsAQ=">AAACBnicbVDLSsNAFJ34rPUVdSnIYBHcWBKxqAuh6MZlBdMW2hAmk0kzdDIJMxOhhOzc+CtuXKi49Rvc+TdO2yy09cCFM+fcy9x7/JRRqSzr21hYXFpeWa2sVdc3Nre2zZ3dtkwygYmDE5aIro8kYZQTR1HFSDcVBMU+Ix1/eDP2Ow9ESJrwezVKiRujAachxUhpyTMP+n7CApi3vVxFgshIv4oCXsGTRiNuQ8+sWXVrAjhP7JLUQImWZ371gwRnMeEKMyRlz7ZS5eZIKIoZKar9TJIU4SEakJ6mHMVEuvnkjgIeaSWAYSJ0cQUn6u+JHMVSjmJfd8ZIRXLWG4v/eb1MhRduTnmaKcLx9KMwY1AlcBwKDKggWLGRJggLqneFOEICYaWjq+oQ7NmT54lzWr+sW3dnteZ1mUYF7INDcAxscA6a4Ba0gAMweATP4BW8GU/Gi/FufExbF4xyZg/8gfH5A9jKmDA=</latexit><latexit sha1_base64="xVCnO3ANEKI3E3lPBXakSXzwsAQ=">AAACBnicbVDLSsNAFJ34rPUVdSnIYBHcWBKxqAuh6MZlBdMW2hAmk0kzdDIJMxOhhOzc+CtuXKi49Rvc+TdO2yy09cCFM+fcy9x7/JRRqSzr21hYXFpeWa2sVdc3Nre2zZ3dtkwygYmDE5aIro8kYZQTR1HFSDcVBMU+Ix1/eDP2Ow9ESJrwezVKiRujAachxUhpyTMP+n7CApi3vVxFgshIv4oCXsGTRiNuQ8+sWXVrAjhP7JLUQImWZ371gwRnMeEKMyRlz7ZS5eZIKIoZKar9TJIU4SEakJ6mHMVEuvnkjgIeaSWAYSJ0cQUn6u+JHMVSjmJfd8ZIRXLWG4v/eb1MhRduTnmaKcLx9KMwY1AlcBwKDKggWLGRJggLqneFOEICYaWjq+oQ7NmT54lzWr+sW3dnteZ1mUYF7INDcAxscA6a4Ba0gAMweATP4BW8GU/Gi/FufExbF4xyZg/8gfH5A9jKmDA=</latexit><latexit sha1_base64="xVCnO3ANEKI3E3lPBXakSXzwsAQ=">AAACBnicbVDLSsNAFJ34rPUVdSnIYBHcWBKxqAuh6MZlBdMW2hAmk0kzdDIJMxOhhOzc+CtuXKi49Rvc+TdO2yy09cCFM+fcy9x7/JRRqSzr21hYXFpeWa2sVdc3Nre2zZ3dtkwygYmDE5aIro8kYZQTR1HFSDcVBMU+Ix1/eDP2Ow9ESJrwezVKiRujAachxUhpyTMP+n7CApi3vVxFgshIv4oCXsGTRiNuQ8+sWXVrAjhP7JLUQImWZ371gwRnMeEKMyRlz7ZS5eZIKIoZKar9TJIU4SEakJ6mHMVEuvnkjgIeaSWAYSJ0cQUn6u+JHMVSjmJfd8ZIRXLWG4v/eb1MhRduTnmaKcLx9KMwY1AlcBwKDKggWLGRJggLqneFOEICYaWjq+oQ7NmT54lzWr+sW3dnteZ1mUYF7INDcAxscA6a4Ba0gAMweATP4BW8GU/Gi/FufExbF4xyZg/8gfH5A9jKmDA=</latexit>Simulation details:

[1 ]Fiser, József, et al. "Statistically optimal perception and learning: from 
behavior to neural representations." Trends in cognitive sciences 14.3 (2010)
[2] Pouget, Alexandre, et al. "Probabilistic brains: knowns and unknowns." 
Nature neuroscience 16.9 (2013)
[3] Pitkow, Xaq, and Dora E. Angelaki. "Inference in the brain: Statistics flowing 
in redundant population codes." Neuron 94.5 (2017)
[4] Hoyer, Patrik O., and Aapo Hyvärinen. "Interpreting neural response 
variability as Monte Carlo sampling of the posterior." Advances in neural 
information processing systems. 2003.
[5] Ma, Wei Ji, et al. "Bayesian inference with probabilistic population codes." 
Nature neuroscience 9.11 (2006)
[6] Bornschein, Jörg, Marc Henniges, and Jörg Lücke. "Are V1 simple cells 
optimized for visual occlusions? A comparative study." PLoS computational 
biology 9.6 (2013)
[7] Buesing, Lars, et al. "Neural dynamics as sampling: a model for stochastic 
computation in recurrent networks of spiking neurons." PLoS computational 
biology 7.11 (2011)
[8] Orbán, Gergő, et al. "Neural variability and sampling-based probabilistic 
representations in the visual cortex." Neuron 92.2 (2016)
[9] Beck, Jeffrey M., et al. "Probabilistic population codes for Bayesian decision 
making." Neuron 60.6 (2008)
[10] Ecker, Alexander S., et al. "Decorrelated neuronal firing in cortical 
microcircuits." science 327.5965 (2010)
[11] Haefner, Ralf M., Pietro Berkes, and József Fiser. "Perceptual decision-
making as probabilistic inference by neural sampling." Neuron 90.3 (2016)
[12] Petrovici, Mihai A., et al. "Stochastic inference with spiking neurons in the 
high-conductance state." Physical Review E 94.4 (2016)
[13] Goodman, Dan FM, and Romain Brette. "The brian simulator." Frontiers in 
neuroscience 3 (2009): 26.
[14] David Marr, Vision. A Computational Investigation into the Human 
Representation and Processing of Visual Information, , 1982
[15] Ecker, Alexander S., et al. "State dependence of noise correlations in 
macaque primary visual cortex." Neuron 82.1 (2014): 235-248.

References

|||- 89

100001.…0..

111000….0..

000100….1..

Binary Samples 
interpreted as spikes [6][7]

001111….1..

pairwise correlation of 
sampled spikes

no
rm

al
iz

ed
 fr

eq
ue

nc
y

Distribution of 
Noise correlation 

coefficients 
matches empirical 
observation [10][15]1. Orientation

2. Implicit Code
3. Parametric  

Code [2][5]

4. Log Probability

Iexplicit 
code1. Linear 

Gaussian 
Model

2. Explicit Code
3. Binary 

Sampling [6][7]

4. Direct 
Probability

implicit 
codeI

�
<latexit sha1_base64="NSvu/QhRCaNxoQ12cUYke/UQ3jo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtIQtlsNu3SzW7Y3Qgl9Gd48aDi1X/jzX/jts1Bqw8GHu/NMDMvzjnTxnW/nNrK6tr6Rn2zsbW9s7vX3D940LJQhPpEcqn6MdaUM0F9wwyn/VxRnMWc9uLxzczvPVKlmRT3ZpLTKMNDwVJGsLFSEMaSJ2WYj9h00Gy5bXcO9Jd4FWlBhe6g+RkmkhQZFYZwrHXgubmJSqwMI5xOG2GhaY7JGA9pYKnAGdVROT95ik6skqBUKlvCoLn6c6LEmdaTLLadGTYjvezNxP+8oDDpZVQykReGCrJYlBYcGYlm/6OEKUoMn1iCiWL2VkRGWGFibEoNG4K3/PJf4p+1r9ru3Xmrc12lUYcjOIZT8OACOnALXfCBgIQneIFXxzjPzpvzvmitOdXMIfyC8/END3mRTQ==</latexit><latexit sha1_base64="NSvu/QhRCaNxoQ12cUYke/UQ3jo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtIQtlsNu3SzW7Y3Qgl9Gd48aDi1X/jzX/jts1Bqw8GHu/NMDMvzjnTxnW/nNrK6tr6Rn2zsbW9s7vX3D940LJQhPpEcqn6MdaUM0F9wwyn/VxRnMWc9uLxzczvPVKlmRT3ZpLTKMNDwVJGsLFSEMaSJ2WYj9h00Gy5bXcO9Jd4FWlBhe6g+RkmkhQZFYZwrHXgubmJSqwMI5xOG2GhaY7JGA9pYKnAGdVROT95ik6skqBUKlvCoLn6c6LEmdaTLLadGTYjvezNxP+8oDDpZVQykReGCrJYlBYcGYlm/6OEKUoMn1iCiWL2VkRGWGFibEoNG4K3/PJf4p+1r9ru3Xmrc12lUYcjOIZT8OACOnALXfCBgIQneIFXxzjPzpvzvmitOdXMIfyC8/END3mRTQ==</latexit><latexit sha1_base64="NSvu/QhRCaNxoQ12cUYke/UQ3jo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtIQtlsNu3SzW7Y3Qgl9Gd48aDi1X/jzX/jts1Bqw8GHu/NMDMvzjnTxnW/nNrK6tr6Rn2zsbW9s7vX3D940LJQhPpEcqn6MdaUM0F9wwyn/VxRnMWc9uLxzczvPVKlmRT3ZpLTKMNDwVJGsLFSEMaSJ2WYj9h00Gy5bXcO9Jd4FWlBhe6g+RkmkhQZFYZwrHXgubmJSqwMI5xOG2GhaY7JGA9pYKnAGdVROT95ik6skqBUKlvCoLn6c6LEmdaTLLadGTYjvezNxP+8oDDpZVQykReGCrJYlBYcGYlm/6OEKUoMn1iCiWL2VkRGWGFibEoNG4K3/PJf4p+1r9ru3Xmrc12lUYcjOIZT8OACOnALXfCBgIQneIFXxzjPzpvzvmitOdXMIfyC8/END3mRTQ==</latexit>

� = orientation

<latexit sha1_base64="5KwAIFirhnFIrC2Qynb8WgNdTjo=">AAACAXicbVBNS8NAEJ34WetX1JN4WSyCp5KKoB6EohePFYwtNKFsNpt26SYbdjdCCcWLf8WLBxWv/gtv/hu3aQ7a+mDg8d7M7swLUs6Udpxva2FxaXlltbJWXd/Y3Nq2d3bvlcgkoS4RXMhOgBXlLKGuZprTTiopjgNO28HweuK3H6hUTCR3epRSP8b9hEWMYG2knr3vBYKHuZcOGLpEQjKa6MIa9+yaU3cKoHnSKEkNSrR69pcXCpLF5gXCsVLdhpNqP8dSM8LpuOpliqaYDHGfdg1NcEyVnxcnjNGRUUIUCWkq0ahQf0/kOFZqFAemM8Z6oGa9ifif1810dO7nLEkzTRMy/SjKONICTfJAIZOUaD4yBBPJzK6IDLDERJvUqiaExuzJ88Q9qV/UndvTWvOqTKMCB3AIx9CAM2jCDbTABQKP8Ayv8GY9WS/Wu/UxbV2wypk9+APr8we3lZcz</latexit><latexit sha1_base64="5KwAIFirhnFIrC2Qynb8WgNdTjo=">AAACAXicbVBNS8NAEJ34WetX1JN4WSyCp5KKoB6EohePFYwtNKFsNpt26SYbdjdCCcWLf8WLBxWv/gtv/hu3aQ7a+mDg8d7M7swLUs6Udpxva2FxaXlltbJWXd/Y3Nq2d3bvlcgkoS4RXMhOgBXlLKGuZprTTiopjgNO28HweuK3H6hUTCR3epRSP8b9hEWMYG2knr3vBYKHuZcOGLpEQjKa6MIa9+yaU3cKoHnSKEkNSrR69pcXCpLF5gXCsVLdhpNqP8dSM8LpuOpliqaYDHGfdg1NcEyVnxcnjNGRUUIUCWkq0ahQf0/kOFZqFAemM8Z6oGa9ifif1810dO7nLEkzTRMy/SjKONICTfJAIZOUaD4yBBPJzK6IDLDERJvUqiaExuzJ88Q9qV/UndvTWvOqTKMCB3AIx9CAM2jCDbTABQKP8Ayv8GY9WS/Wu/UxbV2wypk9+APr8we3lZcz</latexit><latexit sha1_base64="5KwAIFirhnFIrC2Qynb8WgNdTjo=">AAACAXicbVBNS8NAEJ34WetX1JN4WSyCp5KKoB6EohePFYwtNKFsNpt26SYbdjdCCcWLf8WLBxWv/gtv/hu3aQ7a+mDg8d7M7swLUs6Udpxva2FxaXlltbJWXd/Y3Nq2d3bvlcgkoS4RXMhOgBXlLKGuZprTTiopjgNO28HweuK3H6hUTCR3epRSP8b9hEWMYG2knr3vBYKHuZcOGLpEQjKa6MIa9+yaU3cKoHnSKEkNSrR69pcXCpLF5gXCsVLdhpNqP8dSM8LpuOpliqaYDHGfdg1NcEyVnxcnjNGRUUIUCWkq0ahQf0/kOFZqFAemM8Z6oGa9ifif1810dO7nLEkzTRMy/SjKONICTfJAIZOUaD4yBBPJzK6IDLDERJvUqiaExuzJ88Q9qV/UndvTWvOqTKMCB3AIx9CAM2jCDbTABQKP8Ayv8GY9WS/Wu/UxbV2wypk9+APr8we3lZcz</latexit>

Network:Generative (black),Inference(red)

Implicit decoder  gives a distribution over orientations given set of binary sample vectors, 
so sampling in binary hidden state of an explicit model is like sampling in parameter space 

of an implicit model: Parametric Sampling
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oriented gratings
manifold f(φ)PFx

Fano Factor for spikes CV for ISI

More regular but hierarchy and external/internal noise will increase irregularity

Spike Statistics of network of LIF [8] neurons
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Marr’s Level 2

pairwise joint posterior probability in sampling with 248 neurons [8]
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marginal posterior probability in sampling with 248 neurons [8]

Agreement with sampling: BRIAN simulation [13]
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Marr’s Level 3
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Parametric Sampling for infinite samples:
R = �PFTPF
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Gibbs Sampling from posterior distribution:
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Linear Image Model equation:
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dV

dt
= V �Vrest + Iinput current
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LIF equation(unitless):

;I Vs P in LIF neuron for fixed input:

p(spike now|I,other recent updates)
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Connecting Sampling and LIF:

feedforward recurrent input from other neurons
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firing rate for contrast=8
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248 neuron model with PF as in [8]
PF of the neuron contrasts

 grating orientation
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Variational Bayesian Inference connection:
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