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parameters
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Table 3 Comparison of optimization results from different al-
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Fig. 5 Convergence curves of different algorithms for optimization
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Domain knowledge-driven decomposition-based large-scale

optimization for ship cabin structures

JIANG Puyu, LIU Jun, LUO Qiangjun, CHENG Yuansheng

School of Naval Architecture and Ocean Engineering, Huazhong University of Science and
Technology, Wuhan 430074, China

Abstract: [ Objectives ] This paper proposes a domain knowledge-driven large-scale optimization algorithm
for ship cabin structures based on a decomposition optimization framework. [ Methods ] The proposed al-

gorithm combines domain mechanical knowledge with a general black box optimization algorithm, groups the

design variables into location variables and size variables, and decomposes the original problem into a series

of low-dimensional subproblems. Due to the monotonicity and locality of each bending stress, shear stress, and
deformation constraint, subproblems with larger constraint margins are prioritized for optimization. All of the
location variables are grouped into one subproblem, and the corresponding subproblem's objective function is
to maximize the minimum constraint margin. Each girder size variable is separately grouped, and the corres-
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ponding subproblem's objective function is the weight of the cabin structure. Additionally, a surrogate model is
introduced to quickly predict the constraints of each subproblem, and the sample infill criterion is adopted only
in the constraint surrogate model. [ Results ] The experimental results show that the algorithm can reduce the
overall weight of the cabin structure by 43.5% compared to the upper bound. [ Conclusions ] The proposed
algorithm has higher optimization efficiency and can obtain a better optimization solution compared to both
the differential evolution algorithm directly using the using finite element method and the general black box
optimization algorithm.

Key words: ships; cabin structure; domain knowledge; large-scale optimization; decomposition-based op-
timization algorithm; surrogate model



	0 引　言
	1 分解优化算法基本理论
	2 船舶舱段结构有限元分析及优化数学模型
	2.1 有限元参数化模型与分析
	2.2 优化数学模型

	3 先验知识驱动的舱段结构优化算法
	3.1 优化算法整体框架
	3.2 基于先验知识的分组方案
	3.3 基于先验知识的资源分配与目标函数选择策略
	3.4 基于先验知识的BiP-CDE子问题优化器

	4 优化结果及对比分析
	4.1 算例参数设置
	4.2 优化结果及分析
	4.3 与无先验知识算法结果的对比

	5 结　语
	参考文献

