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Figure 1 MOQNSGA flow chart.
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Table 1 Traffic distance matrix between administrative districts in Beijing (unit: km)

X i 5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 - 6.4 47 18 21 14 35 48 34 49 41 29 56 78 85 84
2 - 10 12 15 11 31 42 37 34 39 23 61 84 89 84
3 - 20 23 18 45 51 31 47 43 33 61 76 85 86
4 10 15 25 36 48 70 50 20 73 98 101 95
5 - 14 14 35 48 76 54 30 74 105 108 96
6 - 23 49 51 57 40 43 61 88 88 83
7 - 46 63 92 56 42 86 120 120 98
8 - 70 91 68 26 91 120 119 110
9 - 35 69 52 55 56 69 112
10 - 46 74 22 47 43 91
11 - 62 45 88 65 44
12 - 83 103 105 120
13 - 62 22 90
14 - 51 131
15 - 117
16 -

%2 AL EREF L ETR S XIE
Table 2 Various production safety accidents in Beijing
X G 5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
HRE 32 22 329 201 61 220 49 195 319 364 269 322 77 95 153 63
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Figure 2 (Color online) Pareto front display of various algorithms.
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Figure 3 (Color online) Illustration of each algorithm scheme. (a) MOQNSGA, (b) NSGA-II, (¢) MOPSO, (d) MORIME.
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Figure4 (Color online) Schematic diagram of the optimization scheme
of supply point site selection.
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Multi-objective quantum genetic algorithm for site selection
optimization of emergency material reserves

DU Yikang, YANG Wenguang” & LI Qiangli
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Emergency material reserves are essential infrastructure for ensuring the efficiency and responsiveness of emergency rescue
operations. To address the location optimization problem of emergency supply depots, this study develops a multi-objective
optimization model that aims to minimize road network transportation distance and disaster risk, thereby enhancing the ef-
ficiency and reliability of emergency rescue. To overcome the limitations of traditional intelligent optimization algorithms,
due to the problem of easily falling into local optima, making it difficult to approximate the Pareto front, in multi-objective
optimization of road network transportation distance and disaster risk, this study proposes a multi-objective quantum non-
dominated sorting genetic algorithm (MOQNSGA). The algorithm enhances solution diversity through the quantum bit
entanglement mechanism and employs adaptive rotation gates to efficiently update individual quantum states, thereby im-
proving the global search capability in the solution space. Taking 16 administrative districts of Beijing as the research case,
the algorithm’s performance in optimizing road network transportation distance and disaster risk management is evaluated
and compared against traditional multi-objective optimization algorithms. In ten independent experiments, the algorithm
achieved an average coverage rate of 77.41% for the Pareto front solution set. On the Pareto front, the minimum values of
transportation distance in the road network and disaster risk reached 357.40 and 478.47, respectively. Compared with the
traditional non-dominated sorting genetic algorithm II, the multi-objective particle swarm optimization algorithm, and the
multi-objective rime optimization algorithm, the proportions of Pareto front solutions increased by 61.75%, 70.48%, and
77.41%, respectively, and the proportion of Pareto front solution sets was significantly better than that of the comparison
algorithm, showing obvious advantages in solution quality and diversity. The algorithm outperforms conventional methods
in terms of optimizing road network transportation distance, disaster risk management, rationality of route planning, and
overall layout balance, indicating that the multi-objective quantum non-dominated sorting genetic algorithm has notable
advantages and practical application value in optimizing the location selection for emergency material reserve depots.

multi-objective optimization, quantum genetic algorithm, site optimization
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