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Introduction

The main aim of the present work is to introduce an effective numerical
method for solving fractional delay differential equations. Consider the
following problem

DEy®) =fty®)y(t—-1), 0<t<L O0<ac<l,
{y(t) = yo(1), —7<t<0,

where f is a linear or nonlinear function and the fractional derivative is
considered in the sense of Caputo. Also, y, € C2[—7,0] is a given function,
T > 0 is the delay constant and y is the unknown function to be determined.
Our numerical method for solving the above problem is based on using the
generalized hat functions and their useful properties.

Material and Methods

In this paper, by considering a set of basis functions which are the generalized
hat functions, we suggest a numerical method for solving the main problem.
The main properties of the hat functions including operational matrix of
Riemann-Liouville fractional integral are recalled. Furthermore, we introduce
the delay operational matrix of the basis functions. We expand DZy(t) in
terms of n + 1 basis functions with unknown coefficients. By this way, the
introduced operational matrices help us to give approximations of y(t) and
y(t — ) in terms of the hat basis functions. Finally, these approximations
together with the use of given initial function transform the main problem into
a system of algebraic equations. By writing the resulted system in detail, we
find out that for solving the problem, we need to solve n nonlinear algebraic
equations which can be solved using Newton’s iterative method with zero
initial value for each unknown parameter. Error analysis of the proposed
method is studied and O (h?) order of convergence is proved for the numerical
solution.

Results and discussion

Some test problems are considered and solved using the proposed method in
order to illustrate the efficiency and accuracy of this method. We reported the
maximum absolute error and convergence order for each example which
confirm the theoretical discussion of the error. The obtained results are given
in some tables and figures and, we compare the error with other existing
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methods for solving this kind of problems. It is found from these results that
the numerical solution converges to the exact one when the number of basis
functions increases.

Conclusion
The following conclusions are obtained from this research.

e Generalized hat functions are very simple basis functions and their
properties are very useful.

e The advantage of this method comparing to the other existing
spectral methods for solving the problem under study is that it
reduces this problem to solving some nonlinear algebraic equations.
This property was checked by studying the system complexity.

e Convergence analysis shows the 0 (h?) order of convergence and the
numerical results confirm the theoretical discussion of the error.
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