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This talk deals with the numerical solution of nonlinear fractional differential equations
(FDEs) of type {

Dαy(t) = f(t, y(t)), 0 ≤ t ≤ b,
y(i)(0) = γi, i = 0, . . . , n− 1,

where n − 1 < α < n, n ∈ N, γi ∈ R, f : [0, b] × R → R is a given continuous function.
The fractional derivative Dαy is the Caputo-type one [5]. FDEs arise in various fields, such
as the dynamics in viscoelastic materials, the evolution of certain diseases, especially when
the modelled phenomenon heavily depends on its past history.
On the side of the numerical simulation, solving FDEs with high accuracy is a challenging
issue, since many numerical methods have low order of convergence. A powerful technique
to obtain high order methods without increasing the computational cost consists of mul-
tistep collocation. We propose the class of two-step spline collocation methods [1, 2, 3],
which double the order of convergence of the one-step collocation methods [4], at the same
computational cost. In this talk, we analyze the convergence and stability properties of
these methods, illustrate the main issues related to the implementation and finally show
some numerical experiments.

References

[1] A. Cardone, D. Conte, B. Paternoster, Two-step collocation methods for fractional dif-
ferential equations, Discrete Contin. Dyn. Syst. Ser. B 23 (2018), no. 7, pp. 2709–2725.

[2] A. Cardone, D. Conte, B. Paternoster, A MATLAB code for fractional differential
equations based on two-step spline collocation methods, Springer INdAM Series, to
appear.

[3] A. Cardone, D. Conte, B. Paternoster, Stability of two-step spline collocation methods
for fractional differential equations, submitted.

[4] A. Pedas and E. Tamme, Numerical solution of nonlinear fractional differential equa-
tions by spline collocation methods, J. Comput. Appl. Math., 255 (2014), pp. 216–230.

[5] I. Podlubny, Fractional differential equations, Academic Press, Inc., San Diego, CA,
Mathematics in Science and Engineering, vol. 198, 1999.


