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The code fcoll

This code is described and published in [1]. It relies on a collocation method for
solving scalar problems only:

DWyt) =y () =fty), tel0T,  yI0)=yeR,  i=0...[a]-1,
In more details, given the mesh
to =0, ti=ti1+h j=1...,N,
and ¢ collocation points
ti =ti1+nhj € [tj,l,tj], i=1,...,q,
the used method looks for approximations

zji R D("‘)y(tﬁ), i=1,...,q,

such that, by setting
q i 9 - t )
sziéi(t), H — t e [t]'_l,t]'], j=1,...,N,
i=1 v=1v#i "] 1 ]V

the interpolating polynomial of degree 4 — 1, one has:

ij_f<]k/¢] ]k ZZJZIK ]k> k:].,...,q,

with [ "‘65 (t) the Riemann-Liouville integral of 65 (t), and the memory term given by

fa] -1 4i ,
(P](t) = Z 1'y0 + 2 ZZWI KV te [i’]'_l,t]'].
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The obtained discrete problem is solved via the Matlab® function fsolve by using very
tiny tolerances. The code implements an efficient computation of the involved Riemann-
Liouville integrals of the Lagrange polynomials 4 (t) which, in turn, allow to effectively
solve the local discrete problem, thus providing the approximation at ¢; as:

q .
yj = 4’j(tj) + ZZﬁI“fﬁ(t]‘).
i=1

Further, in order to ensure a fast error decay, a graded mesh in the form
N4
= <7> ,  j=01,...,N, with r>1,

may be adopted, in case the vector field is not smooth at the origin. Clearly, whenr =1, a
uniform mesh is obtained. The calling sequence is:

[t,y] = fcoll(f,b,gam,alpha,eta,r,N)
In output t and y contain the computed solution, whereas, in input:

e £ is the identifier of the function implementing the vector field (£ (t,y));
. b is the final integration time (the starting time is 0);
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gam is a column vector containing the initial conditions;
alpha is the order of the fractional derivative;
eta is a column vector of the normalized collocation abscissae defined above,

Ui:T' i=1...,q

r is the parameter for the graded mesh;
N is the number of mesh points.
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