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Normal Forms 



noise in an Andronov‐Hopf bifurcaDon (Azimuth Project) 

with limit cycle 

w/o limit cycle 



Gutkin & Ermentrout, Neural Comp, 1998:  add comparable noise to 
theta model vs. AH model            theta model CV is twice as large  

RiV, Phys. Rev. E, 2003:  entrainment of theta model to white 
noise sDmulus 

theta/SNIC model 



Planar Models 



planar model – acDve phase as single spike 



fast 

slow 



coherence resonance vs. self‐induced stochasDc resonance 
DeVille et al., Phys. Rev. E, 2005 

noise in slow variable  noise in fast variable 



coupling between planar models – escape (Skinner et al., JCNS, 1994) 



coupling between planar models – release (Skinner et al., JCNS, 1994) 



half‐center oscillator (Brown, 1911):  components not 
intrinsically rhythmic; generates rhythmic acDvity, without 
rhythmic drive 

reciprocal inhibi9on 

− 

− 

silent phase 

acDve phase 



9me courses for half‐center oscilla9ons from 3 mechanisms: 
persistent sodium, post‐inhibitory rebound (T‐current), adaptaDon 
(Ca/K‐Ca) 



simula9on results: 
unequal constant drives  

intermediate 

adaptaDon 

persistent sodium 

post‐inhibitory rebound 

relaDve silent phase duraDon 
for cell with varied drive 

relaDve silent phase duraDon 
for cell with fixed drive 

Daun, Rubin, and Rybak, JCNS, 2009 

fixed  varied 
− 

− 



BursDng 



rigorous framework for burs9ng – Terman, 1991‐2 

S 



noise in burs9ng (example) 
ellip9c (subAH‐SNPO) burs9ng:   

Su, R. and Terman, Nonlinearity, 2004 
sec:on of invariant tube 

•  existence of invariant tube 
•  esDmate of passage Dme 
•  metastability of soluDons , 

Kuske & Baer, BMB, 2002 



Su, R. and Terman, 
Nonlinearity, 2004 

introduce noise σ 
σ = O(εn) 

σ  = O(e‐C/ε) 







small 



Network Architecture + 
Dynamics 



example Hartelt network – how can this synchronize? 

Gaiteri & Rubin, Fron:ers Comp. Neuro., 2011 



•  100 square‐wave bursDng neurons, 90 sec/sim 

•  fixed distribuDon of neuron intrinsic dynamics  

 1/3 Q, 1/3 B, 1/3 T  (EL varied) 

•  variety of connecDon architectures with fixed total 
number of links (same total gsyn for each neuron) 

 ‐‐ nearest neighbor (1‐d and 2‐d)   

 ‐‐ random        

 ‐‐ small world (1‐d and 2‐d)  

•  varied cell‐type hierarchies:  placement of parDcular 
types of intrinsic dynamics within each network, based 
on betweenness centrality  

 random, TBQ, TQB, BTQ, BQT, QTB, QBT 

larger network simula9on study   
Gaiteri & Rubin, Fron:ers in Comp. Neurosci., 2011 

‐‐ scale‐free 

‐‐ Hartelt  



results:  network burst synchrony vs. cell‐type hierarchy 

 network burst synchrony is generally less sensiDve to which cell 
type goes where than to network topology, esp. for strong synapses 
(excepDon: scale‐free networks) 

•   

NBI vs. architecture  NBI vs. cell‐type hierarchy 


