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We analyze the reverse correlation function for a spiking neuron model of the integrate-
and-fire type. Spikes are generated whenever the membrane potential crosses a threshold.
After a spike the neuron passes through a period of refractoriness during which respon-
siveness is reduced. Two different types of noise are studied (1): a fast ‘escape noise’
where the instantaneous firing probability depends on the distance between the value of
the membrane potential and the threshold; and a slow noise in the parameters where
the value of the threshold or the amount of refractoriness changes after each spike. The
theory of population dynamics that has been reconsidered recently (1; 2; 3; 4) (see also
(5)), can be applied to calculate the average coding properties of a single neuron (6;
7). The coding properties can be demonstrated by a reverse-correlation measurement (6)
that is similar in spirit to that of standard neurophysiological experiments. We show the
dependence of reverse-correlation measurements upon neuronal parameters (such as the
membrane time constant and the threshold) as well as on the type and amount of noise.
Instead of studying reverse correlations, the theory allows us also to calculate ‘forward’
correlations, i.e., the effect of a single presynaptic input spike on the firing probability of
the postsynaptic neuron (8). The theoretical results can be compared to the experimental
cross-correlations results measured on motoneurons (9). The cross-correlation function
between pre- and postsynaptic neurons is particularly interesting since it controls the
effects of spike-time dependent Hebbian learning (10; 11; 12; 13; 14).

References
[1] W. Gerstner. Population dynamics of spiking neurons: fast transients, asynchronous states and
locking. Neural Computation, 12:43-89, 2000.
[2] N. Brunel and V. Hakim. Fast global oscillations in networks of integrate-and-fire neurons with low
firing rates. Neural Computation, 11:1621-1671, 1999.
[3] A. Omurtag, B.W. Knight, and L. Sirovich. On the simulation of a large population of neurons. J.
Computational Neuroscience, 8:51-63, 2000.
[4] D. Nykamp and D. Tranchina. A population density approach that facilitates large-scale modeling
of neural networks. J. Computational Neuroscience, 8:19-50, 2000.
[5] B. W. Knight. Dynamics of encoding in a population of neurons. J. Gen. Physiology, 59:734-766,
1972.
[6] W. Gerstner. Coding properties of spiking neurons: reverse- and cross-correlations. Neural Networks,
14:to appear (Dec. 2001), 2001.
[7] N. Brunel, F. Chance, N. Fourcaud, and L.F. Abbott. Effects of synaptic noise and filtering on the
frequency response of spiking neurons. Physical Review Letters, 86:2186-2189, 2001.
[8] A. Herrmann and W. Gerstner. Noise and the psth response to current transients. J. Computational
Neuroscience, submitted:xx—xx, 2001.
[9] A. V. Poliakov, R. K. Powers, and M. C. Binder. J. Physiology, 504:401-424, 1997.
W. Gerstner, R. Kempter, J. Leo van Hemmen, and H. Wagner. Nature, 386:76-78, 1996.
R. Kempter, W. Gerstner, and J. L. van Hemmen. Phys. Rev. F, 59:4498-4514, 1999.
S. Song, K.D. Miller, and L.F. Abbott. Nature Neuroscience, 3:919-926, 2000.
H. Markram, J. Liibke, M. Frotscher, and B. Sakmann. Science, 27:213-215, 1997.
G.Q. Bi and M.M. Poo. J. Neurosci., 18:10464-10472, 1998.



