
 

 
  



Neuronal spiking - a threshold phenomena - is (largely) deterministic 
 
 
 
 

 
 

 
Giugliano, Darbon, Arsiero, Luscher & Streit (J Neurophysiol 2004) 

 

  



Yet brain activity is noisy on every scale! 
 

 
From the notes of Brent Dorian 

  



Cortical spiking in particular is irregular 
 

 
 

Shadlen & Newsome (J Neurosci 1998) 
 

  



Balanced excitatory and inhibitory currents can lead to noisy input currents 
 
 
 
 

 
 

Denuve & Machens (Nat Neuro 2016)  
  



Balanced currents are observed in vivo under numerous conditions 
 
 

 

 
 

Ferster (J Neurosci 1988) 
  



Balanced currents are observed in vivo under numerous conditions 
 

 

 
 

Atallah & Scanziani (Neuron 2009)  



 
 

Haider, Duque, Hasenstaub & McCormick (J Neurosci 2006) 
  



 

 
 

Barral & Reyes (Nat Neuro 2016) 
  



 
 
 
 

Network model 
 

 
 
 

van Vresswijk & Sompolinsky (Science 1996; J Comp Neurosci 1998) 



Results for Output-Input network activity 
 

 

 
 

van Vresswijk & Sompolinsky (Science 1996; J Comp Neurosci 1998) 
  



The increase in noise is accompanied by an increase in response speed 
of mE and mI to an input 

 
 
 

 
 

van Vresswijk & Sompolinsky (Science 1996; J Comp Neurosci 1998) 
  



Neuronal spiking is best driven by noise with the mean input near threshold 
 
 

 
 

  



Neuronal spiking driven by the envelope of noise 
 
 
 

      Super-threshold changes in mean           Sub-(but near)-threshold mean plus noise  
 

 
 
 

Lundstrom, Higgs, Spain & Fairhall (Nat Neuro 2008) 
  



Notes of David Hansel 



Why is this all not so simple to understand? 
 

• Connections are dense, non-randomly distributed and 
nonrandomly weighted 

• Few strong connections in a sea of weak connections 
 

 
 

Song, Sjöström, Reigl, Nelson & Chklovskii (PLoS Biology)  



 

 
  



 
 

Cossell, Iacaruso, Muir, Houlton, Sader, Ko, Hofer & Mrsic-Flogel (Nature 2015)  



 

 
 
 
 
 

Cossell, Iacaruso, Muir, Houlton, Sader, Ko, Hofer & Mrsic-Flogel (Nature 2015) 
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Cossell, Iacaruso, Muir, Houlton, Sader, Ko, Hofer & Mrsic-Flogel (Nature 2015) 

  




