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Abstract

In this study, the extraction of parton distribution functions (PDFs) within the
framework of Quantum Chromodynamics (QCD) is performed using deep-
inelastic scattering (DIS) and semi-inclusive DIS (SIDIS) data. The nonsinglet
distribution functions, including xu,, and xd,, , are analyzed at the initial scale
Q& using a hybrid approach that combines neural networks as flexible function
approximators and a genetic algorithm as an evolutionary optimizer. The results
indicate that this data-driven framework, without imposing any predefined
parametric shape, accurately reproduces the nonlinear structures of the PDFs and

shows remarkable consistency with the well-established parametrization groups
CT18, MMHT14, MSHT20, and NNPDF4.0.

For the singlet sector, the DGLAP evolution equations are solved in Mellin space,
and to avoid instabilities associated with Mellin inversion, the reconstruction of
the distributions in x-space is performed using a Laguerre polynomial expansion.
This approach significantly improves numerical stability and provides better
control over the behavior of the distributions in both small- and large-xxx regions.
QCD evolution up to NLO and NNLO accuracy is incorporated into the analysis,
and all experimental data are used after applying standard kinematic cuts.

Overall, the combined neural-network—genetic-algorithm framework, together
with the precise solution of the DGLAP evolution equations, provides a powerful
and reliable tool for extracting polarized parton distributions and can serve as a
robust basis for more advanced polarization studies at higher energies.

Keywords: Neural Networks; Genetic Algorithm; Singlet Structure Function;
Nonsinglet Structure Function; Parton Distribution Function; Laguerre
Polynomials; DGLAP Equations.




