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Description

Fractional fully nonlinear equations represent a fascinating and challenging area of study within the realm of Partial
Differential Equations (PDEs) and numerical analysis. These equations, involving fractional derivatives and fully
nonlinear operators, arise in various scientific and engineering applications, from modeling complex physical
phenomena to analysing intricate mathematical structures. One promising approach to tackle the numerical solution
of fractional fully nonlinear equations is through the discretization using powers of discrete Laplacians, a technique
that leverages discrete approximations to achieve accurate and efficient computations. Fractional fully nonlinear
equations encompass a wide range of mathematical problems characterized by fractional derivatives of unknown
functions combined with nonlinear operators. These equations often exhibit nonlocal behavior, memory effects, and
intricate nonlinearities, posing significant challenges for analytical and numerical treatment. Despite their complexity,
fractional fully nonlinear equations find applications in areas such as finance, fluid dynamics, image processing, and
material science, where capturing nonlocal and nonlinear effects is essential for accurate modeling and prediction.
The discretization of fractional fully nonlinear equations using powers of discrete Laplacians involves approximating
fractional derivatives and nonlinear operators with discrete counterparts on a computational grid. The discrete
Laplacian, a discretized version of the Laplace operator, plays a central role in this approach due to its ability to
capture local and nonlocal interactions in the discrete setting. The discretization process begins by representing the
fractional derivative term in the equation using fractional difference operators or other discrete approximations. These
approximations mimic the behavior of fractional derivatives by incorporating historical information and nonlocal
interactions within the computational domain. By discretizing the fractional derivative term, the original fractional
fully nonlinear equation transforms into a system of discrete equations that can be solved numerically. Next, the
fully nonlinear operator in the equation is approximated using powers of discrete Laplacians. The discrete Laplacian,
which represents the discretized version of the Laplace operator responsible for capturing spatial variations and
interactions, is raised to various powers to account for the nonlinear behavior in the equation. This step involves
choosing appropriate discretization schemes and numerical methods to accurately capture the nonlinearities while
maintaining computational efficiency. The discretization of fractional fully nonlinear equations by powers of discrete
Laplacians offers several advantages in terms of numerical stability, convergence, and computational cost. By
leveraging well-established techniques for discretizing differential operators and nonlinear terms, researchers can
develop robust numerical algorithms for solving complex fractional PDEs efficiently. Moreover, the discretization
process allows for the implementation of parallel computing techniques, domain decomposition methods, and adaptive
mesh refinement strategies to enhance the accuracy and scalability of the numerical solution. These techniques are
particularly beneficial when dealing with large-scale simulations or high-dimensional problems where computational
resources are limited. The discretization of fractional fully nonlinear equations using powers of discrete Laplacians
finds applications in diverse fields such as image imprinting, fractional diffusion equations, option pricing models in
finance, and phase transition simulations. This technique combines the advantages of discrete approximation methods
with the robustness of numerical algorithms, paving the way for accurate simulations and predictive modeling in
various scientific and engineering domains.
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