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100,150) ,m=(5,10),a,.8, fl e, 5+ HI7E(1,5) .
(1,4) . (1,20) FEAL™ A4 f6] 5 W, (R B 5 L
B AT R R B BN o =1, {H BT 4R i 5 ik
AT LR AL AT 224 A AT FH s () B i 15 2

5i4h,d =R ;e,.,.,mg% M, (8 AN ] i ] B
GH, W 1 & Ry I AR FE AL N T 7
s ia], W0 GH, = X, /n o HLER M, B9AS ]I 18] BE
FROTT By IR T 045 S ) 2 5o G, = o Te,-
0.5%e,/n+H,,, Ml H, =G, +GH, =a+Xe,+
0.52i,eij/n,,ﬂ\:':':',a R (0.2,0.8) 4] 4y
i, TR =AW o R—E M, L&A
BLAS 1 AS ] s [ B8 o AN R AH [
3.2 IGA MRS

R CDS Jii & A R T 3 Ah AR B
FHLH Y Jm) 383 R X IGA W52 W, B no = (50,
100,150) ,m=10,4=0.3,R=(0.5,1.0,1.5) , %
IGA AR RIS KA 454 DS f3 & H &
7 18 S B 18 A B % (CDS-AGA) 1A FH BE AL
PP = AR be 0 T S0 BE I 45 A R B R A i
L 38AE SR 35 4L 5T 1 (LS-AGA) AT Xt ke, B
WEHAL AT 9 AN AL A BV A 10 K
B AT S R T EAE iz 4l & i 25 5 it
AR T 90 H S Bl . LA CDS-AGA &
P47 1 500 % H A% K2 47 B ) A #3120 s £E
Sy oAt 2 P 45 0k A, MK R AN SR 1
A, iR SR ) R A E AR

F 1 IGA.LS-AGA . CDS-AGA BRIl E R
Table 1 Test results of IGA,LS-AGA,CDS-AGA

min F

(n,m,uw,R) BATHYE] /s
CDS-AGA LS-AGA IGA

(50,10,0.3,0.5) 55 757.05 44 718.95 44 368.75 48.75
(50,10,0.3,1.0) 51 643. 60 39 988. 80 39 531.70 49. 81
(50,10,0.3,1.5) 47 192.65 35 304. 75 34 474. 65 49.06
(100,10,0.3,0.5) 172 209. 40 134 528. 30 132 908. 60 84.36
(100,10,0.3,1.0) 163 902. 30 125 675. 40 123 864. 50 84.78
(100,10,0.3,1.5) 153 450. 10 115 974.70 115 228. 60 84.98
(150,10,0.3,0.5) 390 412. 45 305 188.25 303 987. 65 120. 00
(150,10,0.3,1.0) 374 156. 30 290 400. 20 289 922.70 120. 00
(150,10,0.3,1.5) 352 065. 55 277 605. 65 274 687. 85 120. 00

T 195 643.27 152 153. 89 150 997.22 84. 64
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3.3 MiXER5HH
(n,m,uw,R) WA R HUE S 7= 4 T 36 A [a] il

HE, B PHEHYLIZEFT 10 K, BCEFBEAE R
A A A i IR A SR R, AR S e 3R T
360 W, E Sy, v, vy N EAREEE RS B
Y, = (Fuey = Fron)/Fion X 100% ;
v, = (Fyion = Fien)/Fion X 100%
Yy = (Fyonsnen = Fion) 7 Froy X 100%
A F R HARE,
(1) R A [] R o) L) 0 3 25 R WL 35 2,

F 2w FESE B ] 77,65 s Y, HGA | N-
IGA . AGA&NEH , IGA ) H #5 {5 4> % & 148
349.00 145 529. 86,151 117. 96,140 666. 61, IGA
AT HGA Bt T 5.05%, % N-IGA ik ¥t T
3.09% % AGA&NEH Mt 1 7.33%,

(2) R T X256 45 Rk A7 ge 1 2 SCF 9 404
A B n=(50,100,150) H. m=(5,10) KA A
AL, X IGA AR T HoAth 3 FhBEVE ) H Ar ek
PERIFTG AR Wl 6 A 7 TR IGA A
BT H A 3 A ERE A I W Bk

B n= (50, 100, 150) ,m=10,u=0.3,R =
0.5 1Y 4 FBITE Fi Rk AR AL 1 500 1Y BRI 2%
PN BAT Bk 4 Fha s A5 RanE 8 i El, Ul
B A6 AR R 3B AC KN IGA 15 30 A B bR 1 S A,

®2 TEMEEEMANR LR

Table 2 Test results of different scale problems

min F BT
(n,m,u,R) Y./ % Y./ % ¥s/ % N

HGA N-IGA AGA&NEH IGA 1] /s

(50,5,0.3,0.5)  30528.40 29 808.90 30 964. 30 29 060. 40 5.05 2.58 6.55 40. 98
(50,5,0.3,1.0)  28344.70 27 691.90 28 918. 00 26 682. 20 6.23 3.78 8.38 39.21
(50,5,0.3,1.5)  26325.70 25 523.70 26 648. 60 24 359. 00 8.07 4.78 9. 40 41.15
(50,5,0.7,0.5)  31498.00 31 375.90 32 044. 40 30 399. 10 3. 61 3.21 5.41 39. 84
(50,5,0.7,1.0)  30823.50 30 017.40 31 228. 80 29 937.20 2.96 0.27 4.31 39. 45
(50,5,0.7,1.5)  29835.70 29 121.50 29 978. 50 28 488. 10 4.73 2.22 5.23 39.43
(50,10,0.3,0.5) 45 147.45 45 444.95 46 288. 55 44 433,75 1.61 2.28 4.17 54.13
(50,10,0.3,1.0) 41280.20 39 937.10 41 499. 30 39 306. 00 5.02 1.61 5.58 53.82
(50,10,0.3,1.5)  35704.15 35 381.05 36 752. 45 34 484. 35 3.54 2.60 6.58 53. 11
(50,10,0.7,0.5) 48 325.95 47 905. 45 49 785. 15 46 983. 25 2.86 1.96 5.96 53. 49
(50,10,0.7,1.0) 46 368.40 46 199.20 46 919. 10 45 001. 20 3.04 2.66 4.26 53.26
(50,10,0.7,1.5) 44 563.75 44 123.75 45 287. 45 42 894. 85 3.89 2.86 5.58 53.92
(100,5,0.3,0.5) 124 054.40 120 044. 60 123 654. 00 117 013.90 6.02 2.59 5.67 65. 88
(100,5,0.3,1.0) 119211.50 115 569.00 119 553.50 111 582.70 6. 84 3.57 7.14 65.58
(100,5,0.3,1.5) 113 449.50 110 169. 50 115 225. 40 108 401. 30 4. 66 1.63 6.30 65.79
(100,5,0.7,0.5) 125591.60 124 206. 50 126 790. 00 119 134. 80 5.42 4.26 6. 43 68. 36
(100,5,0.7,1.0) 124 229.60 121 077.00 124 627. 80 116 799. 50 6.36 3. 66 6.70 67.24
(100,5,0.7,1.5) 121 215.20 119 486.70 122 996. 00 117 383. 60 3.26 1.79 4.78 70. 31
(100,10,0.3,0.5) 140 637.30 137 343.80 148 010. 90 133 940. 90 5.00 2.54 10. 50 95.42
(100,10,0.3,1.0) 130 543.50 128 367. 00 140 383. 60 124 689. 40 4. 69 2.95 12.59 93.04
(100,10,0.3,1.5) 121 234.00 119 281.40 134 044. 30 115 712.70 4.77 3.08 15. 84 92.76
(100,10,0.7,0.5) 144 027.30 141 073.50 154 355.30 137 702. 00 4.59 2.45 12.09 94.12
(100,10,0.7,1.0) 140 657.50 138 387.50 152 276. 80 135 028. 30 4.17 2.49 12.77 92. 68
(100,10,0.7,1.5) 138 283.70 134 388.00 145 177. 30 131 353.40 5.28 2.31 10. 52 93. 30
(150,5,0.3,0.5) 248 356.90 244 192.00 251 718.50 233 385.10 6.42 4.63 7.86 93. 65
(150,5,0.3,1.0) 241 661.30 237 760.70 245 449.50 229 569. 00 5.27 3.57 6.92 90. 83
(150,5,0.3,1.5) 234 556.30 229907.30  235320.60 221 617.90 5.84 3.74 6.18 90. 98
(150,5,0.7,0.5) 250 414.10 247 827.10 254 947.10 238 419. 00 5.03 3.95 6.93 91. 40
(150,5,0.7,1.0) 249 025.80 244 863.80 250 603.40 234 153.50 6.35 4.57 7.03 91.82
(150,5,0.7,1.5) 246 101.70 242 415.30 248 203.40 232 870.50 5.68 4.10 6.58 90. 25
(150,10,0.3,0.5) 318 078.15 314 112.35 321 650. 15 304 158.05 4.58 3.27 5.75  120.04
(150,10,0.3,1.0) 309 432.00 302 126.40 309 499.60 287 870.90 7.49 4.95 7.51 120. 05
(150,10,0.3,1.5) 293 240.35 284 913.25 294 884.55 274 146. 15 6.96 3.93 7.56  120.05
(150,10,0.7,0.5) 330 125.85 320 535.35 329 131.35 311 699. 15 5.91 2.83 5.59  120.06
(150,10,0.7,1.0) 322 645.50 318 462.80 326 828.10 305 769. 50 5.52 4.15 6.89  120.05
(150,10,0.7,1.5) 315 044.95 310 033.35 318 600. 85 299 567. 35 5.17 3.49 6.35  120.04
-1 148 349.00 145 529. 86 151 117.96 140 666. 61 5.05 3.09 7.33 77. 65
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Figure 6 Interval diagram of target improvement rate for different u value (95% confidence interval)
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Figure 7 Interval diagram of target improvement rate for different R value (95% confidence interval)
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Bi-objective Permutation Flow Shop Scheduling with Machine Availability

XUAN Hua, LI Haiyun, LI Bing
(School of Management, Zhengzhou University, Zhengzhou 450001, China)

Abstract: A permutation flow shop scheduling problem with machine availability was studied. An improved
genetic algorithm was proposed by introducing CDS heuristic algorithm and local search so that the total weighted
completion time and total weighted tardiness were minimized. To improve the quality of the initial job processing
sequence group, the CDS heuristic algorithm is applied to generate 40% of the group and the remaining 60% of the
initial job processing sequence group was yielded by random procedure. For the job processing sequence after cross-
over and mutation, three generation schemes of neighborhood solutions based on pair-wise exchange, single-job in-
sertion and multiple-job insertion were designed to carry out local search in order to extend the search space. The
proposed improved genetic algorithm was tested with three genetic algorithm based heuristic algorithms. The results
showed that the target improvement rate of the proposed algorithm was 5.05%, 3.09% and 7.33% in the average
77.65 s, compares with other algorithms. It also showed that the proposed algorithm could obtain better target val-
ues in a shorter time. With the increase of the problem scale, the improvement effect was better.

Keywords: bi-objective permutation flow shop; machine availability; release time; improved genetic algo-

rithm ; generationschemes of neighborhood solutions



