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! Firefly Algorithm (FA)
2 Gravitational Search Algorithm (GSA)
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Article Information Abstract

In this study, a novel approach is presented to solve the complex problem of
optimizing the chemical composition of steel to achieve maximum yield
strength. Due to the inefficiency of traditional trial-and-error methods, a hybrid,
two-stage approach was employed. In the first stage, a machine learning
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Rece'vegdzg) August 22 model, namely Random Forest Regressor, was trained on a dataset of real steel
compositions to serve as an accurate fitness function for predicting strength,

Accepted: and in the second stage, nine evolutionary and meta-heuristic algorithms were
2025 October 29 utilized to find the optimal alloy composition. These algorithms include

Genetic Algorithm (GA), Particle Swarm Optimization (PSO), Simulated
Annealing (SA), Artificial Bee Colony (ABC), Firefly Algorithm (FA),
Gravitational Search Algorithm (GSA), Imperialist Competitive Algorithm
Keywords: (ICA), Grey Wolf Optimizer (GWO), and Ant Colony Optimization (ACO).
SICENTG IS VIGRERA  The results showed that the Imperialist Competitive Algorithm (ICA)
algorithm, Machine learning, outperformed the other algorithms, achieving the best yield strength with a
Imperialist OGN value of 2468.68 MPa. The Particle Swarm Optimization (PSO) and Grey
A CIU LN UCLVIRRGCUURER  \\/olf Optimizer (GWO) algorithms also showed very close performance to the
SUCUUNRSEINIECHDIBNGEOM  |mperialist Competitive Algorithm. In contrast, the Simulated Annealing (SA)
GreyitoliGptmizen(GWO) algorithm, despite its high speed, converged to a sub-optimal solution, and the
Firefly Algorithm (FA) was highly inefficient in terms of execution time. An
analysis of the best-obtained compositions reveals that to maximize yield
strength, the steel should contain a high percentage of Nickel (Ni) and Cobalt
(Co), while the percentage of elements such as Carbon (C) and Vanadium (V)
Corresponding Author™: can be very low or close to zero. This approach provides an efficient solution
for designing materials with desired properties without the need for extensive
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