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Abstract
Evolutionary algorithms draw inspiration from the natural process of biological evolution,
encompassing gene encoding, crossover, mutation strategies, and mechanisms of natural
selection. Due to their high robustness and self-learning characteristics, evolutionary
computing has emerged as an advanced global optimization technique for handling complex
problems, proving more effective than traditional mathematical planning. In recent years,
research has increasingly focused on utilizing evolutionary computingfor both single and
multi-objective optimization problems. Our study specifically concentrates on effectively
addressing multi-objective optimization problems, with a particular emphasis on individual
generation methods based on the CX (Crossover) and ED (Estimation of Distribution)
strategies in evolutionary algorithms.
Multi-objective optimization problems, more intricate than single-objective ones, demand
systematic approaches. We direct our attention to the MOEA/D (Multi-Objective Evolutionary
Algorithm Based on Decomposition) framework. However, attempting to design new
operators or modify classical ones to enhance overall algorithm efficiency revealed that a
single operator cannot handle all search scenarios. Operator search capabilities are typically
represented by exploration and exploitation methods, and concurrently possessing both
capabilities is often challenging. To overcome this issue and enhance algorithmic search
efficiency, it is necessary to combine multiple operators with different search characteristics
into a hybrid algorithm and introduce an adaptive operator switching mechanism.
Furthermore, the adaptability of operators within the framework is crucial. Many evolutionary
operators were initially designed to mimic the evolution in nature and may not be well-suited
for multi-objective optimization problems. In this regard, the MOEA/D framework has caught
our attention. This framework can decompose multi-objective optimization problems into
multiple sub-problems, allowing for the introduction of classical evolutionary operators.
Simultaneously, the MOEA/D framework introduces the concept of the neighborhood of sub-
problems, enabling information sharing within the neighborhood during the evolutionary
process. Considering this unique feature, our primary research goal is to extend classical
evolutionary operators to handle multi-objective optimization problems.

To achieve this goal, we conducted detailed research and analysis on advanced evolutionary



operators with different search characteristics and strategies. Subsequently, we proposed the
MOEA/D-EF model and MOEA/D-HH model, introducing adaptive operator switching
mechanisms to align with the MOEA/D framework.

In the second chapter of the paper, we discuss the MOEA/D framework, evolutionary
operators based on CX and ED strategies, and two performance metrics widely used in multi-
objective optimization problems. The third chapter focuses on the introduced evolutionary
operators, including IDE, JADE, DE-IDEAL, and CMA-ES. The fourth chapter introduces the
MOEA/D-EF model, while the fifth chapter delves into the MOEA/D-HH model, emphasizing

the operator switching mechanism based on efficiency inspection.
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