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ON THE FRACTIONAL NEWTON METHOD WITH CAPUTO DERIVATIVES

Emine Çelik, Yulong Li, Aleksey S. Telyakovskiy

Newton’s method is commonly used to solve nonlinear algebraic equations due to its quadratic rate of
convergence in the vicinity of the root. Multiple modifications of Newton’s method are known, some lead to
more stable calculations, although often at the expense of the rate of convergence. Here, derivative in Newton’s
method is replaced by Caputo fractional derivative, and the goal is to find all the roots, including complex,
of nonlinear algebraic equation starting from the same real initial guess by varying the order of fractional
derivative. This problem was analyzed by Akgül et al (2019), here some issues with their theoretical analysis
and application of the method to the specific example are pointed out. The case of Caputo fractional derivatives
of order (0, 1] is analyzed. Akgül et al 2019 employ Caputo fractional Taylor’s series of Odibat and Shawagfeh,
2007 for theoretical analysis. Specific issues with the paper are the following: 1) In iterative step integration
in fractional derivative is done over interval [x̄, xk], where x̄ is the unknown root, and xk is the approximation
of the root on the k-th iteration. 2) Expression for the derivative of fractional Taylor’s series is only valid if
derivative is evaluated over [x̄, xk]. 3) Expression for the rate of convergence is not correct. 4) In theoretical
analysis, left fractional Caputo Taylor series is used, although if xk+1 < x̄, then right fractional Taylor series
should be used. 5) Numerical estimation of the rate of convergence gave value different from predicted by Akgül
et al 2019. Plus, not clear over which interval integration was done to generate the numerical results.
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Emine Çelik, PhD, Lecturer, Department of Mathematics, Sakarya University, 54050, Sakarya,
Türkiye, email: eminecelik@sakarya.edu.tr .

Yulong Li, PhD, Postdoc, Department of Mathematics & Statistics, University of Nevada, Reno,
NV 89557, USA, email: yulongl@unr.edu; liyulong0807101@gmail.com .

Aleksey S. Telyakovskiy, PhD, Professor, Department of Mathematics & Statistics, University of
Nevada, Reno, NV 89557, USA, email: alekseyt@unr.edu .
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