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Abstract:
significantly affect the efficiency of production lines, and
the knowledge

apprenticeship training is one way to improve this

The skill structure of human resources can

diffusion resulting from in-line

structure. To describe the knowledge diffusion
phenomenon, a social network is introduced, and a multi-
skilled resource-constrained project scheduling problem is
proposed considering the improvement of resource and
skill efficiency under knowledge diffusion, assuming a
known target human resource structure. A mixed integer
programming model is developed to minimize both the
number of projects required to achieve training objectives
and the average cost required per project. An improved
multi-objective based on

evolutionary  algorithm

decomposition is designed to address this model,
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incorporating a dynamic programming resource allocation
operator and a task clustering greedy schedule generation
scheme. The superiority of the algorithm is demonstrated

through numerical experiments.

Keywords: project scheduling; human resources

training; knowledge diffusion; social network
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Fig. 2 Schematic diagram of efficiency growth model based on social network
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Fig. 5 Schematic diagram of U-K-means
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Fig. 6 Comparison of Gantt charts for TCC SGS and TG SGS scheduling plans
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Tab.3 Comparison of algorithm performance

nXm B D H v
AVG GAP/% AVG GAP/% AVG GAP/%
Al 485.1 —0.7 123 274. 8 0 38870.8 0
10X 10 A2 488.6 0 143 829. 4 16.7 32447.0 —16.5
A3 466.8 —4.5 132 769. 4 7.7 35 356. 2 —9.0
Al 920.7 0 358 160. 2 0 50 928. 2 0
10X 15 A2 801.8 —12.9 470 634. 4 31.4 41104.0 —19.3
A3 822.4 —10.7 413225.3 15.4 44 175. 8 —13.3
Al 1295.3 0 408 882.4 0.0 92164. 6 0.0
10X 20 A2 1014. 2 —21.7 476 408. 8 16.5 79409. 4 —13.8
A3 1107. 4 —14.5 464 552.3 13.6 87284.6 —5.3
Al 458.0 0 139 338. 2 0 55782.6 0
1410 A2 432.2 —5.6 156 159. 3 12.1 50 365. 4 —9.7
A3 426.6 —6.9 145 670. 6 4.5 53100.2 —4.8
Al 618.1 0 342 402.0 0 81411.3 0
14%15 A2 611.6 —1.1 361161.2 5.5 49 424. 4 —39.3
A3 600. 9 —2.8 346 766. 6 1.3 71370.5 —12.3
Al 836.8 0 525 743. 4 0.0 62188.2 0
14X 20 A2 777.3 —7.1 593 693. 4 12.9 53016.2 —14.7
A3 818.4 —2.2 565 573. 4 7.6 58 042.6 —6.7
Al 450.9 0 137732.6 0 36311.8 0
2010 A2 395. 2 —12.4 17 9847. 8 30.6 30037.2 —17.3
A3 410. 2 —9.0 149 197.4 8.3 33737.8 —7.1
Al 859.5 0 434 772. 4 0 118 492. 8 0
2015 A2 779.5 —9.3 558 082. 8 28.4 100 918. 4 —14.8
A3 733.7 —14.6 460 908. 8 6.0 108 180. 3 —8.7
Al 851.2 0 511 553. 2 0 60 348. 2 0
2020 A2 693.8 —18.5 545 736.8 6.7 47531.8 —21.2
A3 716.4 —15.8 554 977.8 8.5 54 848.2 —9.1
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Tab.4 Experimental results of resource allocation algorithm
m o) PD H HV
AVG GAP/% AVG GAP/% AVG GAP/%
D1 485.1 —2.3 123 274.8 2.5 38 870.8 —3.6
1010 D2 274.6 —44.7 173 836. 4 44.5 30 361.4 —24.7
D3 496. 3 0 120 301. 2 0 40 324. 4 0
D1 920.7 0 358 160. 2 0 50 928. 2 —0.5
10X15 D2 508. 8 —44.7 485 318.8 35.5 35611.2 —30.4
D3 867.5 —5.8 359532.4 0.4 51202.2 0
D1 1295. 3 0 408 882. 4 3.3 92 164. 6 0
10X 20 D2 1022.5 —21.1 614 352.2 55.2 81941.6 —11.1
D3 1102.4 —14.9 395 832. 5 0 91 546.5 —0.7
D1 458.0 0 139 338. 2 0 55782.6 0
1410 D2 406. 4 —11.3 170 537.2 22.4 41 620. 2 —25.4
D3 432.4 —5.6 169 862. 2 21.9 40 356. 3 —27.7
D1 618. 1 0 342 402.0 0 81411.3 0
14 X15 D2 565. 4 —8.5 597 089. 8 74.4 75668. 4 —7.1
D3 598. 3 —3.2 576 323.6 68.3 79 653. 2 —2.2
D1 836.8 0 525 743. 4 0 62 188. 2 0
14X 20 D2 827.6 —1.1 636 842. 2 21.1 53127.7 —14.6
D3 836.7 0.0 645632.7 22.8 51237.8 —17.6
D1 450.9 —4.6 237 732.6 0 36 311.8 0
20X 10 D2 472.7 0 338412.5 42.4 32451.6 —10.6
D3 402.3 —14.9 359 682. 5 51.3 29 649. 8 —18.3
D1 859.5 —13.3 434 772. 4 0 118492.8 0
20X 15 D2 991.0 0 705 263. 4 62.2 113 580.8 —4.1
D3 865.7 —12.6 735893. 4 69.3 108 932. 6 —8.1
D1 851.2 0 511 553.2 0 60 348. 2 0
20X 20 D2 768.8 —9.7 733 876.4 43.5 51430.6 —14.8
D3 782.4 —8.1 785 337.2 53.5 50237.7 —16.8
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Tab. 5 Experimental results of priority allocation and scheduling algorithm
] PD H HV ‘ PD H HV
nXm ?;?é AVG GAP/ AVG GAP/ AVG GAP/| nXm iiﬂf AVG GAP/ AVG GAP/ AVG GAP/
% % % % % %
Sl 485.1 0 123274.8 0O 38 870. 8 0 S1  836.8 —5.0 525743.4 0 62 188.2 0
10X10 S2  482.7 —0.5 124733.2 1.2 38583.4 —0.7|[14X20 S2 880.4 0 558999.2 6.3 58066.3 —6.6
S3 475.6 —2.0 123592.4 0.3 38768.5 —0.3 S3 856.6 —2.7 540782.3 2.9 59867.6 —3.7
S1 920.7 0 358160.2 0 50 928. 2 0 S1 450.9 —0.3 137732.6 0 38 311.8 0
10X15 S2  858.3 —6.8 363272.2 1.4 48432.6 —4.9(20X10 S2 420.8 —7.0 152095.8 10.4 35654.8 —6.9
S3 900.4 —2.2 362880.5 1.3 49556.6 —2.7 S3 452.3 0 147602.3 7.2 36254.7 —5.4
S1 1295.3 —4.2 408882.4 0 92 164.6 0 S1  859.5 —4.3 434772.4 0 120492.8 O
10X20 S2 1155.9 —14.5 420194.8 2.8 87444.2 —5.1]|20X15 S2 898.2 0 454 155.3 4.5 114651.2 —4.8
S3 1352.6 0 410211.1 0.3 90356.7 —2.0 S3 834.5 —7.1 452302.5 4.0 115234.2 —4.4
S1  458.0 —2.2 139338.2 O 55 782.6 0 S 851.2 —1.4 511553.2 O 60 348. 2 0
14X10 S22 468.4 0 145983.2 4.8 53408.8 —4.3||20X20 S2 821.6 —4.8 565766.8 10.6 55654.8 —7.8
S3 449.1 —4.1 142576.8 2.3 54576.8 —2.2 S3 863.4 0 550236.7 7.6 57266.1 —5.1
S1 6181 —6.6 342402.0 O 81411.3 0
14X15 S2 633.7 —1.2 350852.4 2.5 78920.2 —3.1
S3 661.7 0 348954.8 1.9 79216.3 —2.7
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