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Abstract: The resource investment problem with multi-skill
was proposed based on the large industrial products moving
assembly line. A mathematical model with the objective
function of minimizing the resource usage cost was proposed.
A genetic algorithm with an improved schedule generation
scheme based on the global operations impact was developed to
solve this model. The scheduling location for non-critical jobs
was optimized by the strategies based on the global operations
impact and subsequently the resource allocation problem was
effectively solved by the minimum cost-maximum flow multi-
skill resource allocation algorithm. Numerical experiment was
carried out by using the modified standard example library
PSPLIB, and the validity of the algorithm is verified by
comparison with CPLEX and other literature algorithm.
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Fig. 3 The minimum cost-maximum flow multi-skill
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JE g (ISGS) sk i RIP 1978 30t , e85t /o) 55
% PSPLIB #{ 10jobs, 30jobs, 60jobs, 90jobs . il
AT RUE R, T IR TR E Sk CPM 18 H /Y
makespan ¥ 1. 1,1. 2, 1. 5 fi%, 3B ik &,
WRESEMT . BHEME K, HEEHE S, HEREE
Es , WREME F, o K=4,5S=3, Es NN,
F=0. 4, [Fi#HA BB 5 CPLEX(JR A5 A IBM
ILOG CPLEX Optimization Studio V12. 6. 3) I
#F Ranjbar 257 &y (HSGS) #1757 He » BB IR B 7E
C# (Visual Studio 2013)1BF I 4a 2L HL , MK
4% Intel Core 15 7P 4bFESE, 2. 40 GHz £5,4G
WAT B3R NE 1~5 Pis. KAk 1 #. CPLEX 71,
ISGS #F1 HSGS % 43 5l 7 F %8 K45 B4 ) 7
¥IE bR REUE ; g1 h ISGS 5 CPLEX #(fiz 22 Bk LA
ISGS {#i, g 4 HSGS 5 CPLEX 2 2 % L) HSGS
fH. 3R 2 . B R iRk R G R 11312 56
], F2 3~5 1. ISGS F1 HSGS 41|43 Mt 3 & 5 B i
K H b5 R B H; ¢ 7 HSGS 5 ISGS Z % Bk U
HSGS 4.

H 3R 1~5 IEHEAE0 25 5 v] UL . 76/ RLAS B3 46
IR, A SCR T B R RSB ERRBEARASET
CPLEX 22l it b b H A BB 56 5
BRI, RN AR SCH RS % B
FER— MR R FE N it/ T CPLEX 3R 8t
. FE K HURR BB 50 s, W 2 R R, AR
B TR0 AU S5X A HSGS 1
SRAEBE IR g (RIF7E 5 YA  IE A SCE 7R
KRB MSRIPSP [R]FRES B A AL

51, 30 ISGS 7~ #£ 30jobs #3841 T

=1 10jobs KEHER
Tab. 1 Results of 10 jobs

o T=1.1Tepm T=1.2Tem T=1.5Tqm
CPLEX ISGS &1/% HSGS g/% CPLEX ISGS g1/% HSGS g/% CPLEX ISGS g1/% HSGS /%

1 54,0 54,0 0 54,0 0 54,0 54,0 0 54.0 0 38.0 38.0 0 38.0 0
2 58,0 59.0 17 59.0 1.7 57.0 57.0 0 58.0 1.8 47.0 47.0 0 47.0 0
3 65. 0 66. 0 1.5 66. 0 1.5 64. 0 64. 0 0 65. 0 1.6 57.0 59.0 3.5 59.0 3.5
4 76.0  76.0 0 76.0 67.0  67.0 0 68.0 1.5 62.0 63.0 1.6 63.0 1.6
5 51.0 51.0 0 51.0 51.0 51.0 0 51.0 0 43.0 43.0 0 43.0 0
6 62.0 63. 0 1.6 64. 0 3.2 60. 0 61.0 1.7 61.0 1.7 58.0 58.0 0 58.0 0
7 60. 0 60. 0 0 62.0 3.3 58.0 59.0 1.7 59.0 1.7 53.0 53.0 0 53.0 0
8 57.0 57.0 0 59.0 3.5 51.0 51.0 0 52.0 2.0 37.0 37.0 0 37.0 0
9 67.0  67.0 0 67.0 66.0  66.0 0 66.0 0 59.0  59.0 0 60. 0 1.7
10 68.0  68.0 0 68.0 63.0  63.0 0 63.0 0 57.0 57.0 0 57.0 0

Fi#ME 61,8 621 0.5 626 1.3 59.1 59.3 0.3 59.7 1.0 51.1 514 0.5 515 0.7




1720 [El? i === T L= I =) B4 H
£ 2 10jobs iXIEIEH K
Tab. 2 Operation time of 10 jobs
il T=1.1Tm T=1.2Tm T=1.5Tm
CPLEX/s ISGS/s HSGS/s CPLEX/s ISGS/s HSGS/s CPLEX/s ISGS/s HSGS/s
1 152. 9 10.7 4,8 230. 8 16. 8 6.8 284.5 35.3 22.3
2 73.7 5.6 6.1 122. 3 6.9 5.9 145, 1 10.9 8.5
3 126. 4 8.4 8.8 149, 2 9.6 8.1 166, 6 15,1 10.1
4 85.9 5.4 4,2 176.5 6. 4 4.6 156. 2 10. 7 7.8
5 100. 2 7.7 8.4 93.0 9.7 7.9 161. 2 12.2 9.6
6 48.8 4.1 1.9 87.5 4.6 4.0 134,0 7.5 5.1
7 65.9 5.8 3.4 90.5 6.3 9.0 117, 9 14,7 9.4
8 91.5 6.3 2.1 102. 9 7.8 5.6 185. 4 12.1 9.5
9 43. 3 2.5 1.1 52.3 2.7 2.4 83.7 4.9 4.5
10 17.6 1.3 0.7 13.1 1.4 1.6 41,2 2.5 2.2
FiE 80. 6 5.8 4,2 111. 8 7.2 5.6 147, 6 12,6 8.9
&3 30jobs KIEEER
Tab. 3 Results of 30 jobs
. T=1.1Tem T=1.2Tepm T=1.5Tgm
ISGS HSGS /% ISGS HSGS g/% ISGS HSGS g/%
1 95.0 101.0 5.94 94.0 96.0 2. 08 77.0 82.0 6. 10
2 81.0 84.0 3.57 79.0 82.0 3. 66 70.0 74.0 5.41
3 86.0 92.0 6.52 85.0 87.0 2. 30 67.0 73.0 8.22
4 83.0 87.0 4.59 78.0 83.0 6. 02 66. 0 72.0 8. 33
5 100.0 105.0 4,76 97.0 102.0 4. 90 78,0 84,0 7.14
6 80.0 86. 0 6. 98 76.0 82.0 7.32 73.0 78.0 6. 41
7 83.0 86. 0 3.49 80.0 84.0 4. 76 70.0 70.0 0
8 90.0 90.0 0 79.0 81.0 2.47 77.0 79.0 2.53
9 100. 0 111.0 9.91 97.0 101.0 3.96 88.0 92.0 4,34
10 107.0 115.0 6. 96 100.0 110.0 9.09 91.0 97.0 6.19
FE 91.0 96.0 5.27 87.0 91.0 4. 66 76.0 80.0 5.47
%4 60jobs IRIGLZER
Tab. 4 Results of 60 jobs
6 T=1.1Tqm T=1.2Tem T=15Tm
ISGS HSGS g/% ISGS HSGS g/% ISGS HSGS g/%
1 130.0 138.0 5.79 126.0 133.0 5.26 107, 0 112, 0 4. 46
2 146.0 152.0 3.95 129.0 138.0 6. 52 104, 0 112, 0 7.14
3 140.0 144.0 2.78 128.0 129.0 0.78 107.0 113.0 5. 31
4 130.0 137.0 5.11 112.0 121.0 7.44 102.0 108.0 5.56
5 156.0 163.0 4,29 155.0 157.0 1. 27 122, 0 132, 0 7.58
6 138.0 145.0 4, 83 128.0 136.0 5. 88 108, 0 122, 0 11, 48
7 146.0 152.0 3.95 130.0 137.0 5.11 112.0 121.0 7.44
8 140.0 149.0 6. 04 134.0 139.0 3. 60 126.0 133.0 5.26
9 120.0 120.0 0 106.0 116.0 8. 62 100, 0 104, 0 3.85
10 143.0 148.0 3.38 124.0 136.0 8. 82 112.0 118.0 5.08
SEH{H 139.0 145.0 4,01 127.0 134.0 5.33 110.0 118.0 6. 32

FASCA ¥ 1SGS, 30 HSGS £ 30jobs HLEE A
BT R RIS L5 HSGS, HAMEML. £ T=1. 5Tgm
HITSOLT - BEE 38 B R K, A SCHR ¥k 1SGS Euxt
tH 5 HSGSSRIGH Hin R EUE 4 H g (H4E 51
SNZeks B A Y K. 75 R H AR 6K
WL BEE T g0, B 2 W EA T PAT IR
PA“EB AT AT » BEURTHAR B AR, (R A SR %A

X HBHERIFREN g 6, H—B B T ALH
ERIDEEEge

Bl 6 #1,1. 1 ISGS FmRTE T=1. 1T i A
SCEW; 1SGS, 1. 1 HSGS R 7E T=1. 1T g i i
XA R HSGS, HABERL £ 90jobs 19 5H.FliA 1
FLIERERG FEEE T 28K, BinREUEZ i 2
/N AHRAR IR ISGS HARPL T X H 3% HSGS.
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&5 90jobs KIGHER
Tab. 5 Results of 90 jobs
il T=1.1Tpm T=1.2Tm T=1.5Tm
1SGS HSGS g/% ISGS HSGS g/% ISGS HSGS g/%
1 150.0 157.0 4,46 140.0 155.0 9. 68 121.0 138, 0 12, 32
2 173.0 181.0 4,42 160. 0 166.0 3.61 125.0 134. 0 6.72
3 157.0 168.0 6. 55 144.0 149.0 3. 36 118.0 131. 0 9.93
4 163.0 170.0 4,12 148.0 160. 0 7.50 132, 0 142, 0 7.04
5 175.0 189.0 7.41 149.0 159.0 6. 29 134,0 140, 0 4.29
6 179.0 191.0 6. 28 158.0 167.0 5.39 139.0 147.0 5. 44
7 180.0 188.0 4,26 168.0 175.0 4. 00 140. 0 151. 0 7.28
8 180.0 193.0 6. 74 160. 0 167.0 4.19 141. 0 155,0 9.03
9 200. 0 208.0 3.85 184.0 197.0 6. 60 147, 0 155,0 5.16
10 160. 0 168.0 4,76 150.0 158.0 5. 06 133.0 140. 0 5.00
SEH{H 172.0 181.0 5.28 156. 0 165.0 5.57 133.0 143.0 7.22
==+=-301SGS ~ —— 30 HSGS -~a=-601SGS 5930 A PP A B T A R0 H T R A AR 5
170 —&— 60 HSGS =--=-90 [SGS —e— 90 HSGS .
WA BT
SEZ3Hk:
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