
John M. Beggs 
Indiana University Physics 

 

 

 

The impact of network structure 

on criticality in cortical circuits 



Acknowledgements 
 

Alan Litke 
Karin Dahmen 
Shinya Ito 
Nir Friedman 
Braden Brinkman 
Frances Yeh 
Ben Nicholson 
Tom Butler 
Masanori Shimono 
Lee DeVille 
Andrew Lumsdaine 

 
 



Acknowledgements 
 

Alan Litke 
Karin Dahmen 
Shinya Ito 
Nir Friedman 
Braden Brinkman 
Frances Yeh 
Ben Nicholson 
Tom Butler 
Masanori Shimono 
Lee DeVille 
Andrew Lumsdaine 

 
 



• Information transfer  
 

• Criticality 
 

• Relating the two 
 

 

 

network structure and criticality  



• Information transfer  
 

• Criticality 
 

• Relating the two 
 

 

 

network structure and criticality  



A useful map 

Ramon y Cajal 



Good recordings 



Good recordings 



In collaboration with Alan Litke, UC Santa Cruz 

Good recordings 



Good recordings 

…for up to 8 hours 



Good recordings 



Movie 

Electrophysiological image of activity propagation along  
axon: we are probably not undersampling 



Good recordings 

cell body 

axon 

axon 
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How to measure information 

transfer? 



How well does in predict in+1 ? 
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How well do in and jn predict in+1 ? 
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If including jn improves the prediction, then 
there is effective connectivity 
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“transfer entropy” 



Variations of TE - delay 
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Variations of TE – word length 
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How well can we do? 





How well can we do? 



How well can we do? 



How well can we do? 



Temporal resolution 



http://code.google.com/p/transfer-entropy-toolbox/ 



Information transfer map 
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Spontaneous activity 



A sequence 

Sequence size = 11 



Sequence size S (total number of spikes) 

Sequence size distribution 



Sequence size S (total number of spikes) 

Sequence size distribution 



Sequence size S (total number of spikes) 
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Sequence size distribution 



Sequence size S (total number of spikes) 

SSP ~)(

Sequence size distribution 

“Neuronal avalanches” 
Beggs and Plenz, 2003 

Maybe critical? 



Neuronal avalanches in 

humans 



Neuronal avalanches in 

humans 



What is criticality good for? 



Branching model 
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Branching model 

subcritical 

critical 

supercritical 



Optimality at criticality 

Dante Chialvo, Nature Physics, 2006 



Beggs and Plenz,  
J Neurosci 2003; Shew 
et al, J Neurosci 2011 

Information transfer 

Haldeman and Beggs,  
Phys Rev Lett 2005 

Information storage 

Bertschinger and Natschlager,  
Neural Computation, 2004 

Computational power 

Dynamic range: Kinouchi and Copelli, Nature Physics 2006; demonstrated by Shew 
et al, J Neurosci 2009.  
 

Optimality at criticality 



Power laws mean criticality, 

right?  



c

c









 ...1)(  yx BAf  xAf   )(

When  is small, all other terms drop out, leaving a scaling relationship 

[Stanley 1971; Goldenfeld 2008].  

Near the critical point, only one variable 

controls the system: 
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Criticism 

MEJ Newman, 2005 



To demonstrate criticality 
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Multiple power laws 



Scaling function 



Scaling function 



Scaling function 



Scaling function 



Scaling function 



Scaling function 



Scaling function 



Roberts et al., Journal of 

Neuroscience 

Scale-free bursting in human  
cortex following hypoxia at birth 



Exponent relationship 

T1 𝑆 ~𝑇 



Exponent relationship 

TT T2 

𝑆 ~𝑇2 



Exponent relationship 

Avalanche size distribution  

Avalanche lifetime distribution  

Exponent for height rescaling 



Exponent relationship 

Avalanche size distribution  

Avalanche lifetime distribution  

Exponent for height rescaling 

1.7 − 1

1.6 − 1
=

1

𝜎𝑣𝑧
= 1.3 
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Transfer probabilities… 



…affect data collapse 



Putting connections into 

model 



Model, with connections from data, 

gives correct exponents 



But all-to-all connectivity does not give the 
correct exponents in the spiking model. 
 

Are there any data that suggest all-to-all 
connectivity? 



Local field potential activity 
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Power law distribution for local 

field potentials  
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Power law distribution for local 

field potentials  
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Exponent relationship 

Avalanche size distribution  

Avalanche lifetime distribution  

Exponent for height rescaling 



Exponent relationship 

Avalanche size distribution  

Avalanche lifetime distribution  

Exponent for height rescaling 

2 − 1
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Suggests all-to-all 

connectivity 

1

𝜎𝑣𝑧
= 2 



Exponents indicate 

structure 

1

𝜎𝑣𝑧
= 1.0 unconnected 

1

𝜎𝑣𝑧
= 2.0 

all-to-all connections,  
LFP data 

1

𝜎𝑣𝑧
= 1.3 spike data 
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• How to maintain old memories, 
learn new things, and stay critical? 
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Thanks! 
 

 

 


