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Bi-level optimization model and algorithm for medical waste location-routing
problem considering public risk

CHEN Xuan, ZHANG Huizhen, BAO Xiulin

(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Considering the hazardous nature of medical waste and the conflicting and cooperative operational relationship between
government departments and treatment center operators, a bi-level model is constructed for the medical waste location-routing
problem. In this model, the government department, as the upper-level decision-maker, makes site selection decisions with the goal
of minimizing investment and subsidy costs, as well as public and environmental risks. The lower-level decision-maker is the
treatment center operator, who develops the recycling route plan with reference to the location decision of the government
department, and whose goal is to reduce transportation costs. To solve the proposed model, an improved Cuckoo algorithm based on
the idea of simulated annealing is designed, which replaces Levy flight with 2-opt and double-bridge, and replaces the random walk
strategy of the standard Cuckoo algorithm with single-point crossover and optimal-cost-path crossover operation. Finally, the
Chengdu Medical Waste Disposal Center Planning Project is used as a practical application. The results show that it is possible to
achieve a balanced market with higher economic efficiency and significantly lower risk through an appropriate principle of interactive
cooperation between the bi-level stakeholders. In addition, the improved algorithm can obtain a satisfactory solution with certain
competitiveness within limited running time.
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Table 1 Parameter setting and symbol interpretation
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Table 2 Decision variables and interpretation
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Table 3 Location and demand of medical centers

i L5 AR e
1 (104. 067 527,30. 647 220) 4.72
2 (104. 046 185,30. 669 297) 4.12
3 (104. 083 377,30. 658 524) 3.97
4 (104. 004 489,30. 583 495) 4.56
5 (104. 167 906,30. 835 119) 3.79
6 (104. 123 447,30. 750 927) 3.68
7 (104. 103 103,30. 638 814) 4.16
8 (104. 093 776,30. 666 141) 3.54
9 (104. 069 358,30. 674 810) 4.03
10 (103. 836 862,30. 701 907) 3.58
11 (104. 114 683 ,30. 672 746) 4.71
12 (104. 086 225,30. 647 366) 3.14
13 (104. 072 965,30. 699 072) 3.79
14 (103. 969 716,30. 699 236) 3.84
15 (104. 061 037,30. 655 893) 4.03
16 (104.058 161,30. 648 331) 3.29
17 (104. 182 58,30. 695 771) 3.95
18 (104. 036 917,30. 689 302) 4.55
19 (104. 110 149,30. 656 834) 3.68
20 (104. 062 906,30. 513 746) 3.33
21 (104. 272 151,30. 584 873) 3.79
22 (104. 298 634,30. 884 221) 3.87
23 (104. 169 296 ,30. 831 391) 4.44
24 (103.903 342,30. 720 343) 3.34
25 (103.931 914,30. 595 640) 3.79
26 (103.874 538,30. 801 778) 3.95
27 (104. 554 355,30.393 212) 3.05
28 (103. 663 045,30. 985 196) 4.72
29 (103.950 268,30. 942 285) 3.48
30 (103. 466 956,30. 408 245) 3.56
31 (103. 675 474,30. 627 249) 4.19
32 (104. 424 04 ,30. 882 659) 4.21
33 (103. 525 371,30. 598 546) 3.29
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Table 4 The candidate point location of the processing center

7 j L M b
1 (104.095 742, 30.899 005)
2 (103.937 752, 30.725 628)
3 (103.988 405, 30.340 450)
4 (104.175 068, 30.558 022)
5 (104.205 357, 30.693 257)
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Table 5 The processing center candidate point parameters

. 52 400 b B R A A
BERG=1) R (j=2) FEBE (j=3) Ak (j=4) FEk(j=5)
0Q; (10°RMB) 5.52 5.83 5.27 5.65 5.43
B; (RMB/t) 290 275 300 280 295
S; (km®) 1061. 85 889. 76 904.77 1029.43 935.19
p; (1070 -1 3.91 4.69 3.52 2.74 2.34
D, (10° 1) 3.38 3.59 2.97 3.42 3.25
B! (person + km™) 0.012 0.012 0.012 0.012 0.012
B/ (person - km™) 0. 001 0.001 0. 001 0.001 0. 001
SP (km*) 14.12 17.56 15.34 12.32 11.87
7 (km®) 320.32 291.87 313.44 316.34 308. 11
§* (km*) 1061.85 889.76 904. 77 1029.43 935.19
p 0.052 0.053 0.051 0. 054 0.053
o} 0.011 0.012 0.014 0.012 0.013
o} 0. 001 0. 001 0.001 0. 001 0.001
P (t-day™") 100 100 100 100 100
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*6 KBERIILL (n=5,m=8)

Table 6 Comparison of solution results (n = 5,m = 8)

i o] SR 20] BM-ICA PR T
X; W (G=1) #EH(j=3) TERF(=3)
Fy 140. 150 x 10° Fpyy:76.454 x 10°  Fy,: 9. 480 x 10° 180 x 10°
F 52.451 x 10° 41.553 x 10°
F7 HHEEML (n=5,m=8)
Table 7 Algorithm improvement comparison(n=5,m=8)
SRR bR
ICA- 1 ICA-TI ICA-TI ICA
X; X;=1 X, =1 X, =1 X, =1
i Z,3=3.92 Z,,=3.24 Z,3=3.92 Z,,=3.24 Z,3=3.92 Zy=3.24 Z,3=3.92.7Z,,=3.24
Zy3=3.11.Z,,=3.74 Z33=3.11.7,,=3.74 Z33=3.11.Z,,=3.74 Z3=3.11.7,,=3.74
Z53=2.97 Zg =2.89 Z5,=2.97 Zg =2.89 Z5,=2.97 Zg =2.89 Z5,=2.97 Zg =2.89
Z73=3.31 Zg; =2. 81 Z7,=3.31 Zg, =2. 81 Z1,=3.31 Zg =2. 81 Z73=3.31 Zg; =2. 81
i35 [10,5,0,10], [10,7, [10,5,4,10],[10,0, [10,5,4,10],[10,2, [10,5,4,7,10],[10,
3, 10], [10, 2, 1, 10], 6, 10], [10,7,3,10], 7,10],[10,3,6,10], 3,1, 10], [10, 2, 6,
[10, 6, 4, 10] [10, 2, 1, 10] [10, 1, 0, 10] 10], [10, 0, 10]
Fy, 73.344 x 10° 73. 344 x 10° 73. 344 x 10° 73. 344 x 10°
Fy, 8.239 x 10° 8.239 x 10° 8.239 x 10° 8.239 x 10°
Fy 56.742x10° 41.032x10° 36. 06610 26.535%10°
Hif /s 6.773 6.114 5.113 8.258
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Table 8 Representative valid solutions(n=5,m=33)

\ [ERNTEEAS
UES 1 I
FU] FUZ FL

Optl 1.264x107 2.103x10’ 3.450%x10° 12.063x10°

Opt2 1.296x107 2.306x10’ 2.863x10° 10. 440x 10°

Opt3 1.257x107 2.218x10’ 3.179%x10° 6.384x10°
AR iR 1.250%107 2.123x10’ 3.960x10° 8.771x10°
e 1.689x107 2.435%10’ 4.694x10° 11.773%x10°
FIE 1.539%10’ 2.670x10’ 3.628x10° 13. 769x10°
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Table 9 Optimal decision result(n=5,m=33)

Bt s IR\ M 2 AR HLR P

Fyy=2.123 x 107
F,=8.771 x 10°
Fy,=3.960 x 10°

FEE (j=2) [34,13,4,34], [34, 28, 24, 34], [34, 21, 10, 34], [34, 0, 34]
[35, 12, 3, 357, [35,29, 8, 35], 35,5, 1,35], [35,26, 11,9, 35], [35, 7, 30, 35], [35, 31,
R (=3) 27, 357, [35, 25,22, 35], [35, 14, 17, 35], [35, 19, 32, 15, 35], 35, 16, 2, 35], 35, 20, 18,

35], [35, 6, 23, 35]
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Fig.2 Convergence curve(n=5,m=33)
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Table 10 Optimal decision result(n=5,m=126)

s s | R7AY I 2 AL P

Fp,=2.123 x 107
F,=8.771 x 10°
Fyy =3.960 x 10°

[126, 45, 84, 89, 126], [ 126, 26, 0, 126], [126, 13, 44, 122, 126], [ 126, 46, 42, 126], [126, 61, 116,

%‘?E(j:]) 112, 29, 126], [ 126, 111, 15, 126], [126, 19, 110, 4, 1267, [126, 7, 74, 25, 126], [ 126, 105, 85, 99,
126], [ 126, 80, 126]
[127, 54, 97, 10, 9, 1277, [ 127, 100, 2, 8, 1, 127], [ 127, 16, 66, 120, 127], [ 127, 117, 36, 127], [ 127,
HAE (j=2) 40, 106, 104, 127], [127, 18, 57, 53, 127], [127, 60, 3, 77, 127], [ 127, 11, 49, 90, 127], [ 127, 65, 124,
1277, [127, 6, 103, 127], [ 127, 76, 1, 38, 127], [ 127, 48, 35, 108, 17, 127],
[128, 12, 88, 107, 128], [ 128, 87, 98, 56, 96, 128], [ 128, 64, 73, 50, 115, 128], [ 128, 92, 51, 113, 21,
M (=3) 1287, [ 128, 83, 69, 59, 32, 79, 128], [ 128, 37, 24, 34,82, 128], [ 128, 93, 109, 119, 128], [ 128, 91, 52,

41, 43, 128]

[129, 94, 47,72, 129], [ 129, 71,39, 78, 129], [ 129, 5, 75, 114, 121, 129],[ 129, 28, 58, 123, 129], [ 129,
20, 22, 118, 129], [129, 33, 101, 81, 129], [129, 62, 68, 129], [129, 27, 55, 30, 129], [129, 70, 67,
1297, [129, 95, 31, 102, 129], [ 129, 14, 86, 129], [129, 23, 63, 129],

Tk (j=4)
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