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Marking path optimization for shipyard nesting drawings is a complex NP—hard combinatorial problem involving directional constraints
and precedence relationships, Existing meta—heuristics often suffer from premature convergence and inefficient local search in
large—scale instances due to static parameter control and rapid diversity loss, To address this, we propose a State—Adaptive Chaos
Grey Wolf Optimizer (SAC-GWO) with a dual—search strategy. It features a state—aware mechanism that dynamically switches between
insertion—based exploration and inversion—based exploitation based on real—time population diversity. Additionally, a Logistic Chaos
Map is integrated into the leader update process to introduce non—linear randomness, preventing stagnation in local optima, Experiments
on synthetic and real shipbuilding nesting datasets demonstrate that SAC-GWO significantly outperforms standard GWO, GA, ACO,
and PSO in solution quality and stability, In a large—scale real—world instance (123 pieces), SAC-GWO rapidly produced high—quality
solutions with only a 16,0% optimality gap compared to the commercial optimization solver, Gurobi Optimizer, While the exact model
suffered from substantial computational overhead preventing optimality confirmation within a practical timeframe, SAC-GWO
demonstrated robust computational efficiency. These results highlight its practical suitability for shipyard operations, requiring immediate
marking path recalculations to adapt to dynamic disruptions like urgent part additions or schedule variations,
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Table 2 Algorithm parameter settings

Algorithm Parameter setting Value
Crossover rate 0.95
GA -
Mutation rate 0.05
Pheromone importance 1.0
ACO Heuristic importance 2.0
(Wang & Xie, 2005) P :

Evaporation rate 0.5

LPSPSO . .
(Qu & Du. 2023) Singer map coefficient 1.04
SAC-GWO Coupling coefficient (k) 0.05
(Proposed) Switching threshold (8,,,,) | 0.05
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Table 3 Performance comparison on virtual datasets

Mean | Gap | Tlme
cost | (%) (s)

Dataset| algorithm IQR | P-value

GA 7.67 |46.9| 21.1 | 0.74| 0.004
ACO 8.88 | 70.1]382.9|1.89| 0.000
Case 1 LPSPSO | 7.64 |46.4| 5.4 |0.83| 0.012
GWO 7.70 | 47.5| 45,5 | 0.72 | 0.005

SAC-GWO| 7.44 | 42.5| 29.7 | 0.60 |baseline
Gurobi 5.22 - 13.1 | 0.156 -

GA 8.34 | 41.8| 18.8 |0.77 | 0.000
ACO 9.82 | 67.0]303.5|1.38| 0.000
LPSPSO | 8.36 |42.2| 5.1 |0.72| 0.000
Case 2
GWO 8.29 | 41.0| 27.9 | 0.79 | 0.004

SAC-GWO| 8.05 [36.9| 17.2 | 0.70 |baseline

Gurobi 5.88 - (1126.8] 0.31 -
GA 3.82 | 56.6| 18.5 | 0.90 | 0.052
ACO 4.81 |97.11304.0|1.35| 0.000
LPSPSO | 3.82 |56.6| 5.0 0.9 | 0.085
Case 3
GWO 3.77 | 545 26.2 |0.88| 0.212

SAC-GWO| 3.61 [48.0| 17.4 | 0.76 |baseline
Gurobi 2.44 - 34.5 |0.53 -

Table 4 Performance comparison on real datasets

Size Algorithm Cost Time (s) | Gap (%)
GA 3.36 5.0 36.6
ACO 2.93 741 19.1
S(g“sa)” LPSPSO | 3.49 1.8 4.9
SAC-GWO| 2.87 95 16.7
Gurobi 246 1.4 -
GA 4.06 9.7 98.0
, ACO 3.47 237.0 69.3
M(e?g;m LPSPSO | 4.36 2.0 112.7
SAC-GWO| 2.82 17.7 37.6
Gurobi 205 1,800 -
GA 4.58 14.6 18.0
ACO 472 297.9 216
??;93? LPSPSO | 4.66 2.4 20.1
SAC-GWO| 450 26.3 16.0
Gurobi 3.88 1,800 -
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Table 5 Component performance analysis

Algorithm Adaptive | Chaos | Adaptive | Mean | o
parameter | map | mutation | cost

GWO X X X 3.77 10.88
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AC-GWO v v X 3.62 |0.76
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