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Abstract

Chaotic systems are among the most prominent nonlinear models that
exhibit extreme sensitivity to initial conditions, making their study an effective
tool for understanding complex phenomena across various scientific fields. This
dissertation aims to extend the well-known three-dimensional chaotic Liu system
by adding two additional dimensions, resulting in the development of two
hyperchaotic models: a four-dimensional and a five-dimensional system. The
focus is placed on enhancing chaotic behavior and analyzing the impact of this
dimensional extension on the system's dynamical properties, particularly in terms
of increasing stability and complexity. Two distinct approaches were adopted for
parameter selection: the first based on random initialization, and the second
utilizing intelligent selection through metaheuristic optimization algorithms. In the
random approach, initial parameter values were generated within arbitrary ranges,
and the resulting models were analyzed using chaos analysis tools such as
Lyapunov Exponents. The findings from both proposed models indicated that this
method produced significant chaotic behavior in terms of dynamical complexity
and structure. In the intelligent approach, two computational intelligence
algorithms were employed: Particle Swarm Optimization (PSO) and the Walrus
Optimizer Algorithm (WaOA). These algorithms were used to identify optimal
parameter sets across different system behaviors, aiming to intensify hyperchaotic
dynamics and systematically increase the system’s positive Lyapunov exponent,
indicating greater dynamical complexity. The application of these algorithms led
to the discovery of parameter sets that produced the highest possible levels of chaos
in the extended systems. The results demonstrated that the models generated
through intelligent algorithms achieved high levels of hyperchaotic efficiency,
characterized by enhanced sensitivity to initial conditions and improved dynamical
properties. Moreover, these algorithms exhibited a remarkable capability to
explore wide parameter spaces and identify optimal values with high efficiency,
thereby surpassing the performance of conventional random-based approaches.
The adoption of intelligent algorithms thus represents not only an effective tool for
parameter selection but also a robust and advanced methodology for generating
and analyzing high-dimensional chaotic models with complex nonlinear
structures. Notably, the PSO and WaOA algorithms showed clear superiority over
all other random methods by delivering more accurate and stable solutions within
record times, where the execution duration in most cases did not exceed a few
minutes and, in some instances, was reduced to only a few seconds. In particular,
the PSO algorithm demonstrated exceptional superiority compared to other
complex algorithms, successfully combining speed and accuracy, which positively
impacted the studied chaotic systems by enhancing their properties and enriching
their dynamical behavior.
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