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Abstract

New Iterative Method (NIM) is an emerged analytical tool for solving
Fractional Partial Differential Equations FPDEs, due to its simple structure
and ability to handle complex terms. However, the method's limitations in
synthesizing solutions with high accuracy have prompted the need for
methodological improvements that enhance its flexibility and efficiency. In
response to this need, this thesis proposes a new development of the NIM,
known as the o-Parameter New Iterative Method (a-PNIM). This
modification improves the accuracy of approximate solutions by adjusting
the expansion location to suit the characteristics of the problem being
solved. The Black-Winged Kite Algorithm (BKA) was adopted as an
optimization tool to search for the optimal value of the a parameter, due to
its ability to reach optimal solutions in large and complex search spaces.
Therefore, the proposed method does not rely on random selection or

estimation, but rather integrates intelligent BKA to fine-tune performance.

The concept of Fuzzy Logic was also applied to some parameters using
a Triangular Fuzzy Number (TFN), which is based on the g-cut, to
represent problems involving a degree of uncertainty or ambiguity. This
resulted in fuzzy fractional partial differential equations, which are

complex models that require accurate and flexible solutions.

A FitNet neural network was also used to build a model that provides an
approximate solution to FPDEs, leveraging its structure to obtain an
approximate solution to the equation being solved. The model was trained
on extended data representing different values of the variables x and t. The
results showed that this step contributed to significantly increasing the
efficiency of the method, particularly with regard to reducing the Mean
Square Error (MSE) and Error Reminder (ER). By developing the a-PNIM
and integrating it with intelligent optimization algorithms, artificial

intelligence techniques, and fuzzy logic, this thesis contributes to providing



an integrated mathematical framework for solving complex problems

associated with fractional-degree partial differential equations.

This study was validated on six examples of F-FPDEs. The results
showed that the proposed method provides highly accurate approximate
solutions with a significant reduction in error compared to other analytical
methods. The effects of the fuzzing parameter g, the method tuning
parameter «, the time variable t, and the fractional order k were also
examined. The results showed that optimal tuning of & in conjunction with
q enhances the convergence speed and reduces errors, while changes in k
and t affect both the rate and accuracy of stabilization of the solutions. A
significant correlation was also observed between q and a, with balanced
values of these two parameters improving the quality of the solution,
particularly in representing the time and fractional behavior of the studied

systems.

All stages of this work were implemented by using an ASUS Vivobook
computer, and several specialized programs were relied upon, including the
MAPLE Program Version 2023 for solving differential equations using
a-PNIM, and the MATLAB Program Version 2023 for BKA calculations

and neural network data analysis.
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