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Abstract

In this research, we present a robust computational approach that ef-
fectively employs an exponentially fitted mesh cubic spline for the numerical
treatment of a mathematical model associated with neuronal variability. This
model decisively determines the expected time required for generating an ac-
tion potential in nerve cells in response to random synaptic inputs into den-
drites, framed as a general boundary value problem for a singularly perturbed
differential-difference equation with small shifts. We construct a highly effective
numerical scheme and establish a parameter-uniform error estimate that clearly
demonstrates its reliability. Through a series of test examples, we thoroughly
investigate the performance of this scheme, specifically analyzing how the size of
the delay argument and the coefficient of the delay term influence the solution’s
layer behavior. The results obtained unequivocally align with the theoretical
predictions, validating the efficacy of our approach.

References

[1] Aziz, T., Khan, A.: A spline method for second-order singularly perturbed
boundary-value problems. Journal of Computational and Applied Mathe-
matics 147(2), 445–452 (2002)

[2] Kadalbajoo, M., Sharma, K.: Numerical treatment of a mathematical
model arising from a model of neuronal variability. Journal of mathematical
analysis and applications 307(2), 606–627 (2005)

[3] Lange, C.G., Miura, R.M.: Singular perturbation analysis of boundary
value problems for differential-difference equations. v. small shifts with layer
behavior. SIAM Journal on Applied Mathematics 54(1), 249–272 (1994)

[4] Stein, R.B.: Some models of neuronal variability. Biophysical journal 7(1),
37–68 (1967)

[5] Tuckwell, H.C.: Synaptic transmission in a model for stochastic neural
activity. Journal of theoretical biology 77(1), 65–81 (1979)


