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Abstract

This thesis aims to develop and enhance the performance of numerical
optimization algorithms, particularly those based on gradient methods, by
proposing new highly efficient parameters. The thesis focused on designing and
deriving several modern parameters using various mathematical formulations
grounded in well-known concepts in numerical optimization. Specifically, low-
memory formulas of the DFP (Davidon-Fletcher-Powell) type, spectral
parameters, and a newly developed parameter for the three-term conjugate
gradient algorithm were employed.

The study included proving important mathematical properties for each derived
parameter, where the sufficient descent property and the global convergence
property were established, based on the strong Wolfe conditions and Perry’s
condition. The efficiency of the developed algorithms was tested through a
comprehensive set of numerical experiments using 41 standard test functions
commonly found in the scientific literature, in addition to a set of classical
functions widely used for evaluating optimization algorithms.

The study also involved a detailed comparison between the performance of the
developed parameters and the well-known classical algorithms in the field of
optimization, where the results demonstrated significant superiority in terms of
convergence speed, number of iterations, and the quality of the obtained
solutions. Furthermore, the scope of numerical evaluation was extended by
integrating the developed parameters within the Whale Optimization Algorithm
(WOA), which is one of the swarm intelligence algorithms, and a significant
improvement in the numerical efficiency of the algorithm was documented after
the modification.

To achieve these objectives, two programming languages, Fortran and
MATLAB, were employed due to their efficiency in handling numerical
algorithms. Additionally, the Dolan & More program was used to graphically
represent the results through the well-known performance profiles, which
provided a clear visual analysis of the performance of the different algorithms.



