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Multi-objective optimization method for FJSP under mixed work calendars
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Abstract: This paper presents a multi-objective optimization method based on NSGA 1I to solve a kind of
flexible job-shop scheduling problem (FJSP) under mixed work calendars. A time reckoning mechanism
based on the machine’s work calendar is proposed and related time reckoning functions are designed. A
two-segment encoding method is used to encode the processes and equipments. A two-segment crossover
and mutation operator is respectively used to implement crossover operation and mutation operation, in
which an improved strategy of genetic operators is applied to ensure feasibility of the progeny individuals
and reduce amout of calculation. The time reckoning functions proposed above are used to calculate start
time and end time of each operation accurately so as to ensure feasibility of each scheduling scheme in the
decoding operation. The following two techniques are employed to shorten production cycle so as to
improve quality of each scheduling scheme in the decoding operation: 1) Operation time is subdivided into
adjusting time and processing time so that the machine of the next operation can be adjusted in advance. 2)
A forward extrusion scheduling method is used to arrange each operation so as to reduce idle time of the
machines. The research result shows that the proposed method can provide an effective Pareto set of the
flexible job-shop scheduling problem under mixed work calendars for the dispatcher.
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*2 I#
Table 2 Jobs

TS EREFA w5 TP #
1 L2027 X5 6
2 GA46-100F L5 6
3 ZU30100B2 M3 6
4 LIOGF M2 6
5 L35MC X5 6
6 HP6100 Y2 6
7 16V32G M6 6

*®3 IZR#iE
Table 3 Process flow

IS L% LFs LEFE4Ak &&5 INLEEE /b JEEERE /D AN/ G - hTD AN/ O - h D

1 12027 1 Koy i 1,2.3.4 1.5,3,3.5,4 0.6,1,1.3,1.5  280,190,180,170  130,140,150,160
1 1.2027 2 22 i T 2,4 2,3 1,1.5 190,170 140,160
1 12027 3 KN 2,4 3,4 1,1.5 190,170 140,160
1 1.2027 4 B 20 W H 5.6 1.5,2.5 0.8,1 200,130 110,110
1 1.2027 5 5 S [ 7,8 2,4 0.5,0.8 240,150 120,130
1 12027 6 8 ity THT 9.10 2.4 0.8.1 180,150 125,130

2 G46-100F 1 2 p 1,2,3.4 1.5,2.5,3,3.5 0.6,1,1.3,1.5  280,190,180,170  130,140,150,160

2 G46-100F 2 2 3 18] 2.4 4,4.5 1,1.5 190,170 140,160

2 G46-100F 3 KN 2.4 2,3 1,1.5 190,170 140,160

2 G46-100F 4 %k 20 ¥ 5.6 1.5,2.5 0.8.1 200,130 110,110

2 G46-100F 5 P& AN R 7,8 2,4 0.5,0.8 240,150 120,130

2 G46-100F 6 8 iy THI 9.10 2.4 0.8.1 180,150 125,130

3 ZU30100B2 1 R 2,4 2,3 1,1.5 190,170 140,160

3 ZU30100B2 2 2 vty T 1.2.4 1.5,3,3.5 0.6,1,1.5 280,190,170 130,140,160

3 ZU30100B2 3 KN 1,2,4 1.5,6,7 0.6,1,1.5 280,190,170 130,140,160

3 ZU30100B2 4 %k 20 i 3 5.6 1.5,2.5 0.8,1 200,130 110,110

3 ZU30100B2 5 JE S (5] 7,8 2,4 0.5,0.8 240,150 120,130

3 ZU30100B2 6 S i T 9,10 2,4 0.8,1 180,150 125,130

4 L90GF 1 ZE 1,2,3.4 1.5,2,3,3  0.6,1,1.3,1.5 280,190,180,170  130,140,150,160
4 L90GF 2 75 V5 1 1.2,3,4 2,3,3,3.5  0.6,1,1.3,1.5 280,190,180,170  130,140,150,160

4 L90GF 3 AR 3,4 2.5,3.5 1.3.1.5 180,170 150,160
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TS THAK THS TFEAK &&5 TR /D AR E /D TR/ GE - b RS/ O hTD

4 L90GF 4 Bk 20 5,6 1.5,2.5 0.8,1 200,130 110,110

4 L9OGF 5 5 A1 7.8 2,4 0.5,0.8 240,150 120,130

4 L9OGF 6 JE& 3t TH] 9,10 2.4 0.8,1 180,150 125,130
5 L35MC 1 ZE R A 1,2,3.4 2,3,3.5,4 0.6,1,1.3,1.5 280,190,180,170  130,140,150,160
5 L35MC 2 2 Uiy 1] 3.4 2.3 1.3.1.5 180,170 150,160

5 L35MC 3 ZEHNR 3.4 3,4 1.3.1.5 180,170 150,160

5 L35MC 4 Bk 20 Jm 5,6 1.5,2.5 0.8,1 200,130 110,110

5 L35MC 5 JE5 A1 B 7,8 2,4 0.5,0.8 240,150 120,130
5 L35MC 6 JE& Sifi TH 9,10 2,4 0.8.1 180,150 125,130

6 HP6100 1 75 i A 1,2,3.,4 2,3,4,4.5 0.6,1,1.3,1.5 280,190,180,170  130,140,150,160
6 HP6100 2 2 By 1] 1.2 1.5.4 0.6.1 280,190 130,140

6 HP6100 3 K/ N 1,2 2,5 0.6,1 280,190 130,140

6 HP6100 4 Bk 20 Jm 5,6 1.5,3 0.8,1 200,130 110,110

6 HP6100 5 JE S 5 7,8 2,4 0.5,0.8 240,150 120,130

6 HP6100 6 JE St 1A 9,10 2,4 0.8,1 180,150 125,130

7 16V32G 1 Koy ipi 1,2 1.5,3 0.6,1 280,190 130,140

7 16V32G 2 K] 1,2 2,4 0.6,1 280,190 130,140

7 16V32G 3 ZEHMR 2,3,4 3,5,4 1,1.3,1.5 190,180,170 140,150,160
7 16V32G 4 Bk 20 5,6 1.5,3 0.8,1 200,130 110,110

7 16V32G 5 JE& S IR 7,8 2,4 0.5,0.8 240,150 120,130

7 16V32G 6 JE i 1A 9,10 2,4 0.8,1 180,150 125,130

x4 EE

Table 4 Machines

s sl R TAEMH AE$C TAERTE/R T 5L I &L I 5T

1 300T BEEKR 5 KRTA/EHR 2 8 8:00 12:00  13:00  17:00
2 200T BEER 6 RTA/EHM 2 16 0:00 8:00 9:00  17:00
3 T52 BEXEIK 7 RIfEHR 3 19 200 7:00 8:00  15:00  16:00  23:00
4 T42 BEEZRR 6 KITI/EHR 2 8 8:00 12:00  13:00  17:00
5 X8126 BEIR TRTAER 2 8 8:00  12:00 13:00  17:00
6 X5126 B IR 6 RTAEH 3 16 0:00 8:00 9:00  12:00  13:00  18:00
7 3U5 SNEEERR 7 RTAEHR 3 16 0:00 8:00 9:00  12:00  13:00  18:00
8 2U5 SRR 7 K TAER 2 8 8:00  12:00  13:00  17:00
9 120CNC WEEER 6 KTAER 2 8 8:00  12:00  13:00  17:00
10 111CNC  WREEK 6 RILfEH 3 16 0:00 8:00 9:00  12:00  13:00  18:00
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Table 5 Other parameters
24 =1 24 H
jnum 7 pc 0.7
tpnum 42 pm 0.1
mnum 10 cr 0.7
bt 2017/11/1 8:00:00 mr 0.3
tln 4637/11/26 0:00:00 mbs 2
popsize 40 maxgen 100
Fe A B C D E
1 7 RIARH 6 R IARH 5 RIARH
2 2017/1/2 2017/1/7 2017/172 2017/1/7 2017/1/2
3 2017/1/27 2017/1/14 2017/1/27 2017/1/14 2017/1/27
4 2017/1/30 2017/1/21 2017/1/30 2017/1/21 2017/1/30
5 2017/1/31 2017/2/4 2017/1/31 2017/2/4 2017/1/31
6 2017/2/1 2017/2/18 2017/2/1 2017/2/18 2017/2/1
7 2017/2/2 2017/2/25 2017/2/2 2017/2/25 2017/2/2
8 2017/4/3 2017/3/4 2017/4/3 2017/3/4 2017/4/3
9 2017/4/4 2017/3/11 2017/4/4 2017/3/11 2017/4/4
10 2017/5/1 2017/3/18 2017/5/1 2017/3/18 2017/5/1
11 2017/5/29 2017/3/25 2017/5/29 2017/3/25 2017/5/29
12 2017/5/30 20177471 2017/5/30 2017/4/1 2017/5/30
13 2017/10/2 2017/4/8 2017/10/2 2017/4/8 2017/10/2
14 2017/10/3 2017/4/15 2017/10/3 2017/4/15 2017/10/3
15 2017/10/4 2017/4/22 2017/10/4 2017/4/22 2017/10/4
16 2017/10/5 2017/5/6 2017/10/5 2017/5/6 2017/10/5
17 2017/10/6 2017/5/13 2017/10/6 2017/5/13 2017/10/6
18 2017/5/20 2017/5/20
49 2017/12/30
95 2017/12/31

E 12

Fig. 12 Content of ‘working system’ sheet
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Fig. 13 Pareto solution set
x6 EFRMAER
Table 6 Scheduling table of a solution
— ,T?, g A T VIR RIS T 4 IRy HE T
7 N N ‘ . )
2 g [@/h [E/h At %1 s} 1] s} 1] At %1 WA/ TE WA/ T
1 7 1 1 0.6 1.5 2017/11/1 8:00 2017/11/1 8:36 2017/11/1 8:36 2017/11/1 10:06  78.00 420.00
2 1 1 1 0.6 1.5 2017/11/1 10:06 2017/11/1 10:42 2017/11/1 10.42 2017/11/1 13:12  78.00 420.00
3 5 1 3 1.3 3.5 2017/11/1 8:00 2017/11/1 9.:18 2017/11/1 9:18 2017/11/1 12:48 195.00  630.00
4 6 1 1 0.6 2 2017/11/1 13:12 2017/11/1 13:48 2017/11/1 13:48 2017/11/1 15:48  78.00 560.00
5 5 2 3 1.3 2 2017/11/1 12.48 2017/11/1 14:06 2017/11/1 14.06 2017/11/1 17.:06 195.00  360.00
6 7 2 1 0.6 2 2017/11/1 15:48 2017/11/1 16:24 2017/11/1 16:24 2017/11/2 9:24  78.00 560.00
72 1 1 0.6 1.5  2017/11/2 9:24 2017/11/2 10:00 2017/11/2 10:00 2017/11/2 11:30  78.00 420.00
8 7 3 2 1 3 2017/11/2 7.:24 2017/11/2 9.24 2017/11/2 9.:24 2017/11/2 12.24 140.00  570.00
9 2 2 4 1.5 4.5  2017/11/2 10:00 2017/11/2 11:30 2017/11/2 11:30 2017/11/2 17:00 240.00  765.00
00 6 2 2 1 4 2017/11/1 14.48 2017/11/1 15:48 2017/11/1 15:48 2017/11/2 2.48  140.00  760.00
1 4 1 2 1 2 2017/11/1 9:00 2017/11/1 10:00 2017/11/1 10:00 2017/11/1 12:00 140.00  380.00
12 2 3 2 1 2 2017/11/2 16:00 2017/11/2 17:00 2017/11/3 0:00 2017/11/3 2:00  140.00  380.00
13 6 3 1 0.6 2 2017/11/2 11:30 2017/11/2 13.06 2017/11/2 13:06 2017/11/2 15.:06  78.00 560.00
4 3 1 2 1 2 2017/11/2 2:48 2017/11/2 3:48 2017/11/2 3:48 2017/11/2 5:48  140.00  380.00
15 4 2 4 1.5 3.5 2017/11/1 10:30 2017/11/1 12:00 2017/11/1 13:00 2017/11/1 16:30  240.00 595.00
6 1 2 2 1 2 2017/11/2 12:24 2017/11/2 13:24 2017/11/2 13:24 2017/11/2 15.:24 140.00  380.00
7 3 2 2 1 3 2017/11/3 2:00 2017/11/3 3:00 2017/11/3 3:00 2017/11/3 6:00  140.00  570.00
18 1 3 2 1 3 2017/11/3 6:00 2017/11/3 7:00 2017/11/3 7:00 2017/11/3 11:00 140.00 570.00
19 6 4 6 1 3 2017/11/2 14.06 2017/11/2 15.06 2017/11/2 15.06 2017/11/3 0:06  110.00  390.00
20 7 4 5 0.8 1.5 2017/11/2 11:12 2017/11/2 12:00 2017/11/2 13:00 2017/11/2 14:30  88.00 300.00
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T % g Ry INNN) AR 4 LR LA R Jnras s iJ%]%# JJ[II#
2 2 [@/h [[E/h A ZI Ay ZI L] Pt 2] JA/TE A/ TT

21 7 5 7 0.5 2 2017/11/2 14:00 2017/11/2 14:30 2017/11/2 14:30 2017/11/2 16:30  60.00 480.00
22 2 4 5 0.8 1.5 2017/11/2 16:12 2017/11/2 17.00 2017/11/3 8:00 2017/11/3 9:30  88.00 300.00
23 5 3 3 13 3 2017/11/117:06 2017/11/1 18:24 2017/11/1 18:24 2017/11/1 21:24 195.00  540.00
24 4 3 3 13 2.5 2017/11/1 21:24 2017/11/1 22.:42 2017/11/1 22:42 2017/11/2 4:12  195.00  450.00
25 4 4 6 1 2.5  2017/11/2 3:12 2017/11/2 4:12 2017/11/2 4:12 2017/11/2 6:42  110.00  325.00
26 5 4 5 0.8 1.5 2017/11/1 16:12 2017/11/1 17:00 2017/11/2 8:00 2017/11/2 9:30  88.00 300.00
27 2 5 7 0.5 2 2017/11/3 9:00 2017/11/3 9:30 2017/11/3 9:30 2017/11/3 11:30  60.00 480.00
28 3 3 1 0.6 1.5 2017/11/2 16:24 2017/11/2 17:00 2017/11/3 8:00 2017/11/3 9:30  78.00 420.00
29 3 4 5 08 1.5 2017/11/3 9:30 2017/11/3 10:18 2017/11/3 10:18 2017/11/3 11:48  88.00 300.00
30 4 5 7 0.5 2 2017/11/2 6:12 2017/11/2 6:42 2017/11/2 6:42 2017/11/2 9:42  60.00 480.00
31 3 5 7 0.5 2 2017/11/3 11:30 2017/11/3 12:00 2017/11/3 13:00 2017/11/3 15:00  60.00 480.00
32 1 4 6 1 2.5 2017/11/3 10:00 2017/11/3 11:00 2017/11/3 11:00 2017/11/3 14:30 110.00  325.00
33 6 5 7 0.5 2 2017/11/2 17.36 2017/11/3 0:06 2017/11/3 0:06 2017/11/3 2:06  60.00 480.00
34 4 6 9 0.8 2 2017/11/2 8:54 2017/11/2 9:42 2017/11/2 9:42 2017/11/2 11:42 100.00  360.00
35 2 6 10 1 4 2017/11/3 10:30 2017/11/3 11:30 2017/11/3 11:30 2017/11/3 16:30 130.00  600.00
36 1 5 7 0.5 2 2017/11/3 15:00 2017/11/3 15:30 2017/11/3 15:30 2017/11/3 17:30  60.00 480.00
37 3 6 9 0.8 2 2017/11/3 14:12 2017/11/3 15:00 2017/11/3 15:00 2017/11/3 17:00 100.00  360.00
38 7 6 9 0.8 2 2017/11/2 15:42 2017/11/2 16:30 2017/11/2 16:30 2017/11/3 9:30  100.00  360.00
39 1 6 10 1 4 2017/11/3 16:30 2017/11/3 17:30 2017/11/3 17:30 2017/11/4 3:30  130.00  600.00
40 5 5 7 0.5 2 2017/11/2 9:42 2017/11/2 10:12 2017/11/2 10:12 2017/11/2 13:12  60.00 480.00
41 6 6 9 0.8 2 2017/11/3 9:30 2017/11/3 10:18 2017/11/3 10:18 2017/11/3 13:18 100.00  360.00
425 6 9 0.8 2 2017/11/2 11:42 2017/11/2 13:30 2017/11/2 13:30 2017/11/2 15:30 100.00  360.00

TT.6, 2017/ 1142 16:30:00 2017/1143
#:30: 00

oo o
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Fig.14 Gantt chart of the jobs
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Fig.15 Gantt chart of the machines
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