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Abstract: Aiming at the distributed flexible job shop with quality inspection disturbance, with the goal of optimizing the carbon
emission quota of the workshop, improving product production efficiency and machine and equipment utilization, this paper
constructs a distributed flexible job shop scheduling framework considering carbon emissions by analyzing and integrating the carbon
emission boundaries of the whole life cycle of products in different machine processing states. Firstly, based on the integration of
energy consumption across various carbon emission boundaries in the product’s process route, a carbon emission scheduling model
for distributed workshops is constructed to calculate carbon emissions. Then, to solve the approximate solution for carbon emission
calculation in distributed flexible workshops, a hybrid memetic algorithm is improved. In this algorithm, a four—layer encoding
method (encompassing factory assignment, machine selection, processing procedures, and manual quality inspection) and an
insertion— based greedy decoding method are adopted for encoding and decoding. The local search capability is enhanced by
combining the search strategies of the non —dominated genetic algorithm and the tabu search algorithm. Moreover, a partial
rescheduling strategy that combines right—shift rescheduling and complete rescheduling is designed to perform population re—iteration
optimization for real-time disturbances. Finally, 20 new cases are built based on the standard test instances of traditional workshop
scheduling to verify the feasibility and effectiveness of the improved hybrid memetic algorithm.
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Table 2 Comparison results of algorithms based on HV, IGD, and C-metric

HV 1GD C—metric
S
HMA MOMA ENSGA HMA MOMA ENSGA HMA MOMA ENSGA
DFSO1 0.034 0.001 0.016 0. 637 0. 863 0.372 0. 875 0.738 0.903
DFS02 0.093 0. 055 0.077 0.267 0.393 0.223 0. 832 0.921 0. 960
DFS03 0. 057 0.038 0. 035 0.216 0.291 0.234 0.597 0. 804 0.418
DFS04 0.059 0.031 0.042 0.352 0.377 0.272 0.796 0.743 0.774
DFS05 0.010 0.003 0. 002 0. 696 0. 626 0. 666 0. 647 0.535 0. 798
DFS06 0.074 0.025 0. 057 0.315 0.310 0. 266 0. 094 0.117 0.208
DFS07 0.017 0.011 0.021 0.719 0. 444 0.911 0.643 0.944 0. 688
DFS08 0.078 0.063 0.048 0.214 0.045 0.375 0. 838 0. 696 0.944
DFS09 0.079 0. 004 0.030 0.516 0.394 0. 448 1. 021 0. 680 0. 838
DFS10 0. 063 0. 054 0. 049 0.334 0. 195 0. 265 0. 154 0.021 0. 075
DFSI11 0. 089 0. 050 0.063 0.412 0. 696 0.232 0. 455 0.063 0.333
DFS12 0. 060 0.044 0.031 0.306 0. 653 0.248 0.996 0. 838 0. 699
DFS13 0.019 0.003 0. 006 0.538 0.452 0.611 0. 154 0. 068 0.176
DFS14 0. 004 0.023 0.017 0.764 0.487 0.761 0.357 0.421 0. 404
DFSI15 0.019 0.010 0. 005 0. 625 0. 546 0.652 0. 664 0.567 0.498
DFS16 0.013 0.013 0.012 0. 606 0. 882 0.247 0.037 0. 450 0.237
DFS17 0.017 0. 002 0. 004 0. 408 0.323 0. 609 0. 020 0. 465 0.267
DFS18 0.026 0.034 0. 021 0. 451 0.454 0.182 0. 445 0.289 0.275
DFS19 0. 096 0.061 0.081 0.179 0. 145 0.108 0.443 0.238 0.367
DFS20 0. 025 0.023 0. 003 0. 141 0.229 0. 604 0.323 0.398 0.182
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Fig. 4 Gantt chart of an improved hybrid memetic algorithm
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