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In some species, cells with similar 
receptive fields and functional 
properties are grouped to form 
local microcircuits – cortical 
columns



Examples of response properties in cortical neurons 
(Izhikevich, 2004)



Study the behaviour of the Potjans-Diesmann cortical 
microcircuit (Potjans and Diesmann, 2014) based on different 

classes of neurons models (excitatory and inhibitory)

● ~ 80.000 neurons
(80% excitatory, 20% inhibitory)

● ~ 109 synapses
● Same LIF (leaky integrate-and-fire) 

model for both excitatory and inhibitory 
neurons (iaf_psc_exp model in NEST)

● Inhibitory synapse weight is 4 times 
greater than excitatory synapses

● Poissonian/DC/Thalamic input
● Realistic model in terms of neural 

connectivity
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And of course, it’s corresponding 
Galves-Locherbach stochastic neuron model



PD microcircuit model with LIF neurons
(original configuration)

Properties: 
 1) asynchronous and irregular 
 2) excitatory layers show lower firing rates; 
 3) layer 6e with extremely lower firing rate compared 
to 6i



PD microcircuit model with Izhikevich RS and FS 
neurons in NEST (FULL scale raster plots)

Excitatory synaptic weight (w) was adjusted to display 
similar response properties to the same poissonian 
input

The synchrony as well as the overall firing rate was much higher



Modified PD microcircuit model
LIF neurons replaced by GLIzhikevich RS neurons

Spike traces and firing rates were qualitatively reproduced: 
   - Higher firing rate compared to original LIF version 

Higher firing rate was obtained




