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Abstract

With the rapid development of complex system modeling and simulation technologies, the applica-
tion demands for collaborative optimization algorithms in fields such as military command and in-
telligent manufacturing continue to grow. This paper systematically reviews the methodological
evolution and technical breakthroughs of improved genetic algorithms (GAs) in collaborative opti-
mization, focusing on innovative practices in multi-objective dynamic optimization, hybrid intelli-
gent architectures, and adaptive parameter adjustment. Through comparative studies of typical
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application cases, the intrinsic connections between algorithm improvement paths and engineering
implementations are revealed, while development opportunities brought by emerging technologies
such as digital twin and edge computing are explored. Finally, future research directions including
the construction of algorithm convergence theoretical systems and ultra-large-scale collaborative
optimization are proposed.
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