
Computational study summary 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Research question: 

Is the model from Brunel and Lavigne (2009) sensitive to variations 
in parameter values & input-output relationships? 

1D model: 
𝑑𝑟𝑇

𝑑𝑡
= −𝑟𝑇 + 𝛷[(𝐽1 − 𝐽𝐼) ∙ 𝑟𝑇 + 𝐼𝑒𝑥𝑡 + 𝐼𝑠𝑒𝑙] = −𝑟𝑇 + 𝛷[𝑤 ∙ 𝑟𝑇 + 𝐼] 

𝑇 = 𝑇𝑎𝑟𝑔𝑒𝑡;  𝑤 = 𝑠𝑦𝑛𝑎𝑝𝑡𝑖𝑐 𝑤𝑒𝑖𝑔ℎ𝑡;  𝐼 = 𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑖𝑛𝑝𝑢𝑡 𝑐𝑢𝑟𝑟𝑒𝑛𝑡; 𝑟𝑇 = 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑓𝑖𝑟𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 

Input-output relationship? 

 Brunel and Lavigne (2009)     VS   Gjorgjieva et al. (2021) 
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              𝛼 tunes linear slope; 𝜃 tunes midpoint input  

Spontaneous activity: 

Conditions on 𝑤 and 𝐼 to have a stable equilibrium at 𝑟𝑇 = 𝑟𝑠𝑝𝑜𝑛𝑡  in: 

▪ A bistable regime:    
𝑤 <

1

𝛷′(𝛷−1(𝑟𝑠𝑝𝑜𝑛𝑡))
    and    𝐼𝑆𝑁,2(𝑤) < 𝐼𝑒𝑥𝑡 = 𝛷−1(𝑟𝑠𝑝𝑜𝑛𝑡) − 𝑤 ∙ 𝑟𝑠𝑝𝑜𝑛𝑡 < 𝐼𝑆𝑁,1(𝑤) 

▪ A monostable regime of a bistable system:  
𝑤 <

1

𝛷′(𝛷−1(𝑟𝑠𝑝𝑜𝑛𝑡))
 and 𝐼𝑒𝑥𝑡 < 𝐼𝑆𝑁,2(𝑤)    or    𝐼𝑒𝑥𝑡 > 𝐼𝑆𝑁,1(𝑤) 

▪ A monostable system (i.e. any 𝑟𝑠𝑝𝑜𝑛𝑡  is the only equilibrium in the system): 

𝑤 <
1

𝛷𝑚𝑎𝑥
′

 

SN = Saddle-node; 𝛷′ =transfer function derivative;  𝛷−1= Inverse transfer function 

 



 

 

 

 

 

Phase portrait & Bifurcation analyses: 

     Brunel and Lavigne (2009)     VS          Gjorgjieva et al. (2021) 

Blue area = monostable regime; Gray area = bistable regime  

 

 

 

 

 

Application to a pulse-shaped stimulus (similar to experimental stimuli in psychology experiments): 

Example with Gjorgjieva et al. (2021)’s transfer function and a bistable regime: 

When does the system jump to the high stable state associated to 

 𝐼𝑏𝑖𝑎𝑠 , and show persistent activity? 

Condition on pulse amplitude:  𝐼𝑎𝑝𝑝 > 𝐼𝑆𝑁,1 − 𝐼𝑏𝑖𝑎𝑠 

Condition on pulse duration:    𝑟𝑇(𝑡 = 𝑒𝑛𝑑 𝑝𝑢𝑙𝑠𝑒) > 𝑟𝑇,𝑢𝑛𝑠𝑡𝑎𝑏𝑙𝑒
∗  

(𝑟𝑇,𝑢𝑛𝑠𝑡𝑎𝑏𝑙𝑒
∗  associated to 𝐼𝑏𝑖𝑎𝑠 ) 

Red area = No jump; Green area = Jump 

Conclusions 

• Model from B&L (2009) is rather insensitive to variations in transfer function: both transfer 
functions allow the system to display monostable and/or bistable behaviors. The only difference was 
the presence/absence of upper saturation. 

• Model from B&L (2009) is rather sensitive to other parameter variations: varying one parameter 
requires others to vary to get back some properties (e.g. spontaneous activity). 

• When using pulse-shaped stimuli, both the pulse amplitude and the pulse duration determine together 
the final steady state reached by the system, in particular when the latter is biased in a bistable regime. 
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