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Scheduling and routing planning for long—term home health care insurance
evaluator based on immune algorithm

SUN Yujie, YANG Jin, YANG Huimin

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

Abstract: The long—term care insurance system is an important institutional arrangement to improve the social security system, and
the assessment of disability level is an important part of the system. Firstly, this paper proposes a periodic long—term care insurance
evaluator scheduling and routing planning model in combination with the home health care system, considering the new application
background of human resource planning of the disability level assessment system, and making decisions on doctor—patient allocation
assessor workload, personnel scheduling, and route planning. Then, the roulette mechanism is used to improve the crossover and
mutation methods of the immune algorithm, improve the population diversity, and solve the model. Finally, based on the actual
data of Shanghai J Community Health Service Center, a series of examples of different scales are constructed. For small —scale
examples, the operation results of the improved immune algorithm are compared with the operation results of the commercial solver
Gurobi, and the Relative Cost Reduction (RCR) is pointed out, which verifies the effectiveness and accuracy of the proposed model
and the improved immune algorithm. For large—scale examples, the performance of the algorithm is analyzed, and the parameters of
the penalty function are debugged by comparing the convergence degree and computational efficiency, so as to effectively improve
the solving ability of the algorithm.
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Fig. 1 Flowchart of improved immune algorithm
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Fig. 2 Schematic diagram of encoding and decoding
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Table 1 Specifications of different sizes of problems
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Table 2 Parameters’ values in numerical instances
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Table 3 Coordinate information for the site
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Table 4 Examples of patient information
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1 (5.97,15.13) [00100] 3 1.5
2 (8.80,0.76) [00100] 1 0.5
3 (8.52,14.69) [00010] 1 0.5
4 (6.26,13.43) [00100] 3 1.5
5 (8.91,1.42) [00001] 1 0.5
6 (4.73,11.64) [00100] 1 0.5
7 (12.22,13.82) [01000] 3 1.5
8 (4.34,4.15) [00010] 1 0.5
9 (8.06,2.34) [00010] 1 0.5
10 (4.73,19.45) [10000] 2 1.0
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Table 5 Computational results of improved immunity algorithm and Gurobi solver
FERR A /s
P B4 RCR%
Gurobi Bk pRiERe S Sl Gurobi TPETIL
10 Insl 85.057 9 82.197 5 85.334 4 3.479 9 0.533 265 6.490 721
10 Ins2 59.963 8 65.213 8 66. 408 4 -8.050 4 0.179 839 6.464 140
10 Ins3 60.750 5 57.097 7 58.038 8 6.397 5 0. 148 602 6. 448 004
10 Ins4 90.713 3 85.124 5 87.305 6 6.565 4 0.147 172 6.453 476
10 Ins5 82.203 0 70.014 2 71.960 2 17.409 0 0.231 572 6.460 923
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Table 6 Computational results of tuning the parameters ¢, ,q, and ¢; on a small scale in improved immunity algorithm

(q1,92,93) = (2.5,1.0,1.5)

(q1+92,93) = (4.0,2.0,2.5)

: s PR LB P s ke PR mOUE P AE ke
20 Insl  124.990 0 136.740 0 137.094 9 25.0 23.630 9 122.5750 142.0750 143.1858 74.0 23.8859
20 Ins2  149.271 8 159.5218 162.1419 53.0 23. 606 4 152.5153 170.0153 171.853 9 52.0 23.639 8
20 Ins3  130.988 3 141.988 3 143.2120 29.0 23.5357 130.988 3 149.488 3 151.859 2 34.0 23.991 9
20 Insd  133.862 6 145.362 6 148.0412 81.0 23.490 4 134.920 7 158.920 7 160. 896 9 24.0 23.269 6
20 Ins5 128.368 8 141.118 8 142.527 1 47.0 23.3173 136.818 3 153.818 3 155.565 8 20.0 23.953 7
Average 47.0 40.8
25 Insl  122.236 9 133.2369 134.616 0 41.0 37.183 7 122. 114 1 143.114 1 145.286 2 26.0 36.625 7
25 Ins2  160.670 1 173.670 1 174.465 0 18.0 37.2753 160.670 1 185.670 1 186.808 9 55.0 37.097 2
25 Ins3  138.5112 155.0112 156.094 1 24.0 37.277 8 138.5112 169.0112 171.143 6 30.0 37.247 5
25 Ins4  129.7340 148.7340 151.157 8 23.0 37.459 1 129.734 0 164.734 0 165.468 3 27.0 36.502 0
25 Ins5  119.979 7 133.479 7 135.469 0 26.0 36.914 0 119.979 7 145.4797 147.612 6 22.0 36.810 9
Average 26.4 32.0
RT RHETARENSHHAEHWERERLER
Table 7 Computational results of tuning the parameters g, ,q, and g5 on a large scale in improved immunity algorithm
i (91.92,95) = (2.5,1.0,1.5) (91.92,95) = (4.0,2.0,2.5)
" : BEREA RIBE FE AR RN FEREA RIBE FE R RN
150 Insl 337.8659 862.649 0  870.708 4 91 2263.9257 357.5177 1023.4827 1030.691 1 97.0 2285.743 1
150 Ins2 22381068 2777.2549 2785.8328 87 22117440 22230526 2939.6095 2M8. 1257  91.0 2348.561 9
150 Ins3 1225419 1 1769.6861 1776.373 1 R 2225748 1231.0864 19644850 1970.0704  96.0 2782.401 8
150 Insd  1336.2635 1867.7800 1875.586 1 89 22156397 1355.8393 2067.4955 2080.6596  95.0 2233.1061
150 Ins5 12276628  1534.591 1542.2734 81 2695.719 3 12342078 1651.5743 1661.8218 9.0 2613.777 8
Average 88 95.6
180 Insl  1267.4007  1707.5582 1713.503 3 137 5421.858 2 1271.3538 184741 18723712 131.0 5891.602 8
180 Ins2 1296.0622 17445214 1751.8440 128 6995.016 2 1930.1068 1923.5272 1930.1068 131.0 7448.5382
180 Ins3 22971541 2654973 2661.088 3 144 5167.59 8 2286.3986 2753.2485 2763.490 140.0 5394.5878
180 Insd  1279.6769  1720.1833 1731.0090 141 5143.267 4 1206.6427 1753.4694 1765.3511 141.0 5308.7425
180 Ins5 2370.6784  2728.7211 2735.2053 145 5246.8399 2373.8426  2730.8938 2738.1032 147.0 5345.1560
Average 139 130.0
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Fig. 3 Comparison of the convergence degree of the two penalty parameter combinations at different case scales
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