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. inspired by the annealing process in metallurgy, where a material is heated
IntrOdUCtlon and gradually cooled to remove defects. In the context of optimization, SA
explores the search space by allowing both upward and downward moves
Global optimization refers to the process of finding the best solution in the objective function, with a probability of accepting worse solutions that
(or the global optimum) for a given problem in a search space that is often decreases over time. This probabilistic acceptance of worse solutions enables
complex, high-dimensional and nonlinear. These problems arise in a variety of the algorithm to escape local optima and potentially find the global optimum.
fields such as engineering design, economics, machine learning and artificial The cooling schedule, which dictates how the probability of accepting worse
intelligence, where finding the global optimum is essential for achieving solutions decreases, is a key parameter in SA. A slow cooling schedule allows
the most efficient, cost-effective, or accurate solution. In practice, global for more exploration, while a fast schedule may prematurely converge to a
optimization problems are typically fraught with challenges like multimodality, suboptimal solution [2].
noise and large-scale search spaces, making traditional optimization methods
(such as gradient-based methods) unsuitable. Metaheuristic algorithms have
emerged as powerful tools for solving such global optimization problems.
These algorithms are inspired by natural processes, biological phenomena
and physical systems and they operate without requiring the problem to be
differentiable or continuous. Metaheuristic approaches generally offer good
solutions within reasonable computational time and their robustness and

flexibility make them applicable to a wide range of optimization tasks. This (7gp) vehicle routing and scheduling problems. The algorithm consists of
paper presents a comparative study of various metaheuristic algorithms, several key steps, including solution construction, pheromone updating

assessing their performance on global optimization problems. The study 344 global pheromone updates. Differential Evolution (DE) is a population-

Ant Colony Optimization (ACO) is inspired by the foraging behavior of
ants. In the natural world, ants deposit pheromones on the ground as they move
and other ants are attracted to the pheromone trails, reinforcing the paths that
lead to food sources. In the ACO algorithm, artificial ants construct solutions
by moving through a search space, leaving pheromone traces that guide the
search for better solutions. ACO has been particularly successful in solving
combinatorial optimization problems such as the Traveling Salesman Problem

covers the strengths, weaknesses and application scenarios of several Well- - paseq algorithm that optimizes a problem by iteratively improving candidate
known metaheuristics, providing insights into which methods are most suited  sg|ytions. It operates on a population of solutions and at each iteration, a new
to different types of optimization challenges [1]. candidate solution is generated by adding the weighted difference between

two randomly selected solutions from the population to a third solution. This
Descrlptlon approach is particularly useful for continuous optimization problems. DE has

a simple structure and few parameters, making it easy to implement and apply
to a wide range of problems. It has been used successfully in optimization
tasks such as function optimization, parameter estimation and machine
learning [3,4].

Genetic Algorithms (GAs) are inspired by the process of natural selection
and the concept of survival of the fittest. GAs work with a population of
potential solutions (individuals) that evolve over several generations. The
algorithm proceeds by selecting individuals for reproduction based on their The Attificial Bee Colony (ABC) algorithm is inspired by the foraging
fitness, applying genetic operators such as crossover (recombination) and behavior of honeybees. In the ABC algorithm, the population consists of
mutation and producing a new generation of individuals. GA is widely used  three types of bees: employed bees, onlookers and scouts. The employed
for optimization problems, especially where the search space is large and bees search for food sources (solutions) and share their information with the
nonlinear. It is particularly effective in exploring large and complex search onlookers. The onlookers then decide which food sources to exploit based
spaces, but it may struggle with fine-tuning solutions or converging to the ~ on the information shared by the employed bees. If a bee cannot find a
global optimum in highly multimodal landscapes. Particle Swarm Optimization better solution after a certain number of iterations, it becomes a scout and
(PSO0) is based on the social behavior of birds flocking or fish schooling. It randomly searches for a new solution. The ABC algorithm is effective in
simulates a group of particles, where each particle represents a candidate solving both continuous and discrete optimization problems and it has been
solution. Particles move through the search space influenced by both their ~ applied in fields such as machine learning, engineering design and financial
personal experience and the best solution found by any particle in the swarm. ~ modeling. The Firefly Algorithm (FA) is inspired by the flashing behavior of
The movement of particles is adjusted over time using velocity updates and fireflies, where the intensity of a firefly's light attracts other fireflies. In the FA
each particle's position is updated based on its best-known position and the algorithm, each firefly represents a potential solution and fireflies are attracted
global best solution found by the swarm. PSO is known for its simplicity and 1 brigh_ter fireflies (b_etter solutions). The gttractiven_ess of afirefly is inversely
efficiency in continuous optimization problems. Simulated Annealing (SA) i Proportional to the distance between the firefly and its neighbors [5].

Conclusion
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In general, no single algorithm excels in all areas and the choice of
algorithm should depend on the specific characteristics of the problem at
hand. For complex, high-dimensional problems with multimodal landscapes,
algorithms like Simulated Annealing (SA), Differential Evolution (DE) and
Firefly Algorithm (FA) offer robust solutions. For problems requiring fast
convergence and high computational efficiency, PSO and DE are often
preferred. In future research, hybridizing metaheuristic algorithms or
combining them with machine learning techniques could lead to even more
powerful optimization frameworks, capable of tackling more complex and
dynamic problems. By carefully selecting the most appropriate metaheuristic
approach and fine-tuning its parameters, practitioners can solve a broad
spectrum of global optimization problems effectively.
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