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The world according to Izkhikevich (2004)

(Izhikevich 2004)
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How the model ranking was obtained

(Izhikevich 2004)
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How the model ranking was obtained

NB: Model is more 'biologically plausible' than the real thing!
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How the model ranking was obtained

... except it isn't!!!
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The Izihikevich (2003) 
phenomenological model

NB: The model is purely phenomenological, with little biophysical meaning of most 
components (e.g., there is no capacitive current!). 
'Highly nonlinear curve fitting'
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Model reproduces rich phenomenology

(from Izhikevich 2004)

● (nearly) purely 
phenomenologically 
(params not given or derived)

● No systematic way of 
adding more behaviors 
(requires 'tweaking' of 
coupled parameters)

● Solution is clockbased 
(not eventbased)

However:
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Desirable properties of a model
(all violated by Izhikevich 2003)

● All terms have biophysical interpretation
– This implies number of state variables not fixed, as in I&F (N=1) 

FitzhughNagumo, MorrisLecar, Izhikevich (all N=2).

● Systematic way of adding arbitrary number of 
additional mechanisms

● Modular architecture (i.e., minimal interference 
between mechanisms)

● Analytical solution available
● Eventbased (natural for AER!)
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● I
j
: spikingrelated currents (any number; we use ≤2)

● V: membrane voltage
● : adaptive threshold

– updated continuously, not only at spikes
– equivalent to voltagedependent currents

New model on the block
(Mihalas & Niebur, Neural Computation, in press)

Neural dynamics:
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Update rules
● Any update rule can be used provided 


r 
 > V(t) after update.

● We use:

● R
j
,  A

j
, V

r
, 

r
 are free parameters (

r 
 > V

r
)

● Special cases for spikeinduced currents:

– R
j
=1: additive update

– R
j
=0: constant update (jump independent of  I

j
(t))
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Model properties
● Linear dynamics

● Dynamic matrix is triangular 
 immediately solvable→

● Diagonalizable (over reals)

– Eigenvalues (k
j
, G/C,b), all <0

– One stationary solution; stable; can analyze behavior in 
phase space

● Exponential decay of all spikeinduced currents

● Synapses treated the same way

● Arbitrary number of spikeinduced currents

● Analytical solution for voltage between spikes

● Can be solved as zero of polynomial (Brette 2007)
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Exact solution
Assume distinct eigenvalues; initial conditions I

j0
,V

0
,
0    

>
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Solution as zero of polynomial
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Phenomenology
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Parameters

Fixed parameters:
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Conclusion
● Our new model has rich phenomenology

● Features constructed systematically

● Biophysically plausible terms

● Efficient solution of linear system (triangular)

● Analytical solution of dynamic equations available

● Eventbased solution, not clockbased

● Some level of modularity: decoupling of 
● Mechanisms caused by active currents (=adaptive threshold)
● Spikeinduced currents

● Extendable: just add currents...
● And adding currents is cheap, too!

● Currently implementing largescale numerical network simulator
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