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Improved Genetic Algorithm with Tabu Search for Asynchronous Hybrid Flow Shop Scheduling

WANG Sitong and LIN Rongheng
College of Computer Science(National Pilot Software Engineering School) , Beijing University of Posts and Telecommunications, Beijing 100876,

China

Abstract Compared with the traditional assembly line, the hybrid flow shop has higher flexibility and can adapt to the changing
production scenarios. However, the solution complexity of its scheduling scheme is higher, which is a common problem in modern
actual manufacturing systems. Aiming at the problems of high computational difficulty and low search efficiency of swarm intelli-
gence evolutionary algorithm in solving this problem,an improved genetic algorithm with tabu search is proposed to minimize the
total completion time. According to the characteristics of all workpieces in the scheduling problem with the same production
process,the large number of workpieces, and the different speeds of parallel machines in each stage, the proposed algorithm
adopts a single-layer coding based on the first-stage workpiece order,a decoding method considering the three-layer priority of
machine selection,a variety of genetic operators and tabu search operators. It has better search performance and improves the con-
vergence speed of the algorithm on the basis of ensuring the quality of the solution. Finally, the performance of the algorithm is
evaluated by 40 instances and workshop cases,and is compared with other algorithms. The experimental results show that the
proposed algorithm performs well in solving medium-scale instances, large-scale instances and processing workshop cases. The
completion time of the scheduling results is shortened by 10. 71% on average. The number of iterations required for the algorithm
to reach the optimal solutions is reduced by 25.72% ,and the running time is shortened by 10. 79 %.

Keywords Scheduling optimization,Improved genetic algorithm, Tabu search, Hybrid flow shop scheduling, Asynchronous paral-
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Table 2 Levels of parameters

- K {E
1 2 3
Pc 0.9 0.8 0.7
Pm 0.1 0.2 0.3
TSlist 6 9 12

#* 3 IE TR

Table 3 Orthogonal experimental results

5 Pec Pm TSlist Time_Avg
1 1 1 1 705.4
2 1 2 2 701.0
3 3 3 704.7
4 1 2 704. 4
5 2 2 3 703.6
6 2 3 1 703.4
7 3 1 3 702.6
8 3 2 1 701.8
9 3 3 2 699. 4
7045 [ : 7045 7045
7040 7040 7040
7035 7035 7035
£ 7030 7030 7030
E 7025 7025 7025
a 7020 7020 7020
7015 7015 7015
000 5 el 3 w00 5
A AP AP
(a) Pc (b)Pm (c) TSlist

7 K58 L[] 7 24 (8 B 7K 72 A i i 2 TR
Fig. 7 Trend of the average maximum completion time with the

levels change

WHEER 3 ME 7, 5 HH & H03, 2,20 LR AR
U B9 e R 58 W TD A S S0 B /N, BRI AR STR T Pe =
0.7,Pm=0.2,TSlist=9 #HFATFLLTH . FT 4 X 1E 2L LI 45
RHITTHRESH . R AT, Pe 2806 50 3% 5 m d5 K,
HWR S TSlist, Pm, WA, TSlist Fl Pm B0 25 45 AR DT, BF
AT A 2 B0 B 3% 19 5% i A R0, -t 7T LASIE BH 2% (298 R Sk X
T A 3 A B 12 AR A RO

F4 OWMEM
Table 4 Range analysis

KFE Pc Pm TSlist

1 703.70 704.13 703.53

2 703. 80 702.13 701. 60

3 701.27 702.50 703.63
range 2.10 2.00 2.03
level 1.00 3.00 2.00

e IGA-TS kb i F 40, th Tt e Ak AN E N A &
8RB 00 R A AR S R B0 T O A Y T RE AR
/I TR0 A T R Y i Rk AR BB E O

max TSIterSize=_800X (Gen/maxGen) (€*D)

B R BEARUHAE 550k AL 3 B2 v 1 35 07 ) 4 L 3R T L
AR L by VA5 5 305 10 F R R R L T A8 TS ]

IGA-TS HIE MRS BB E IR 5 Prail,

x5 HEMXSH

Table 5 Algorithm related parameters

R WA
B KN 100
&k R K HK 200
KA R K 50
2 XA F 0.7
REBEE 0.2
AR ERKRERKH 800 X (Gen/maxGen)

EREKE 9

4.3 HHEEGIKE

7SR AR BT A B vk (Tterative Greed Algorithm, 1G) |
FRUE AL 89 (Genetic Algorithm, GA) i T B£ 3% (Particle
Swarm Optimization, PSO) | B #f 3 1% 53 % (Hybrid Genetic
Algorithm and NEH. HGA)Y™ 5 42 2 KL 1k &
B (GA-TS) AT T 52 5 45 8 1% L6 437

30 ARG c 5 d IR A RN 6.8 7 i,

F 6 B EER (c FAD

Table 6 Experimental results(type ¢)

37 IG GA PSO HGA IGA-TS
jloc5el 72 59 59 59 59
j10c5¢2 81 63 63 63 63
j10c5¢3 77 71 71 71 71
j10c5ed 75 69 71 64 64
j10c5¢5 75 62 68 62 62
§10c5¢6 76 66 63 66 63
j15c5cl 86 82 79 79 77
j15c5¢2 83 74 74 74 74
j15c5¢3 88 76 79 77 76
j15c5c4 87 81 80 75 75
i15c5¢5 79 76 176 76 76
j15c5¢6 % 69 69 69 69
jloclocl 123 106 113 105 105
j10cloc2 116 98 98 101 98
jloclocs 121 103 103 103 103
jloclocd 108 99 98 98 98
jlocloes 132 112 115 109 109
jlocloc 125 113 108 108 103

F7OBPILREE R KA

Table 7 Experimental results(type d)

&6l IG  GA PSO HGA IGA-TS
j10c5d1 75 70 70 70 70
110c5d2 88 86 86 82 82
110c5d3 79 76 74 76 74
j10c5d4 92 86 86 87 86
110c5d5 77 67 69 67 67
110¢5d6 86 71 70 71 70
j15¢5d1 99 87 87 87 87
15¢5d2 97 93 93 89 89
15¢5d3 119 99 104 99 98
115¢5d4 96 84 84 84 84
115¢5d5 121 106 103 99 94
115¢5d6 101 90 89 89 89

SHTEE 6,38 7 WAL IGA-TS B TE 30 A v #4424 451
R T A AR T HGA B3R T 20 4860 PR &AL
fift , PSO B LB T 17 A5 461 op (9 85 £ fff GA Bk 3R 3
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Table 8 Relative percent gap of algorithms(type c,d)

Hzx RG/ %
GA 11.04
PSO 10.77
HGA 12.23
IGA-TS 13.10

Forr, A 2l 3E T 43 B (Relative Percent Gap, RG) 31
BN

RG(r)="—"2x100% (10

Ho o Fry SRR LU RIE R IG BE0R B K 58 T ]

B AT 0, TGA-T'S B33 1 37 259 M X B3 ik 1 4 He B i 3R
PR L 7E PR ) b i R B O T A % LB

R T 2B B E IGA-TS B30 0 4k 35 4% 538 1% 1 e 8
ROHE L AT XF IGA-TS 22 3k Al HGA 82 %k 76 vh A8 5 451 v 2 Al
A R) 5 A A B9 20 AN B8] X Ll B 3 B YR 22 A s ] R0 AR 0l A P
R T M AR, R 9 B T PR RLIAAE 20 BRI
XS Hoh Ty Ry AR — T 7 B R G, 5T 3
A B A D8R T 5 00 325 A UK B s T S0 B WA B 05 0 285 2 0
T BT I

9 IR AR % AR YR 7]

Table 9 Iteration times and time of optimal solutions
541 ‘ I‘IGA _ _ IGA-TS _
T, Citer ~ Toptimal T, Citer  Toptimal
j10c5cl 0. 34 27 9.25 0.45 23 10. 28
j10¢5¢2 0. 36 10 3.56 0.54 7 3.76
j10¢5¢3 0. 38 20 7.60 0.54 12 6.52
j10c5cd 0. 36 29 10.43 0.51 7 3.55
j10¢5¢h 0. 36 57 20.56 0.52 5 2.61
j15¢5¢2 0. 39 65 25.56 0.48 51 24.61
j15¢5c4 0.49 91 44,89 0.61 70 42.88
j15¢5¢h 0.58 95 55.08 0.63 43 27.05
j15¢5¢6 0.47 72 34.05 0. 69 54 37.23
j10clOcl 0. 84 28 23.39 0.95 14 13.25
j10cl0c3 0. 80 14 11.18 0. 95 17 16.22
j10clOcd 0.82 32 26. 36 0.92 33 30. 24
j10cl0c5 0.70 9 6.29 1.00 3 2.99
j10c5d1 0.44 44 19. 34 0.56 42 23.60
j10c5d2 0.45 53 23.88 0.57 31 17.62
j10c5d5 0.45 20 8.91 0.57 13 7.42
j15c5d1 0.62 60 37.04 0.74 27 20. 04
j15c¢5d2 0.63 26 16. 28 0.77 36 27.68
j15¢5d4 0.59 55 32.65 0.77 55 42.11
j15¢5d6 0.58 67 38.78 0.78 44 34.21

I3 9 WTLLE I IGA-TS B kAR 16 B b 4: 7]
FEMAY R AR B B0 T HGA Bk, B SRR S 4> 7
25.72% . IGA-TS M T&RITTE I E 4. — R ER T F
AT ) 4G, B X L R OA B A IR 4 2R T R 0 0 (R]
IGA-TS 53557 ¥4 Jir 75 125 X ) ) T 2, 5900k 1 vk ak 1) fe e 45

AT R A T 10, 7990, 1T X [R) A% B AR A ) 8, 76 3
S AH R A 0945 0T L IGA-TS 530 3 8 WA o $2 1o g S50k B, o /b
AR B 46 AL B AT I I
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W S 2 Xt eIl
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Fig. 8 Instance j15¢5d1 iteration trend curve comparison
4.4 KAEEGIKE
H ik — B IGA-TS 5535 3K A AL 5 28 AT LR &
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PEAT SR A LB A5 R sk 10 751 .
F 10 FBITEEE R (e KD

Table 10  Experimental results(type e)

1 1G GA PSO HGA IGA-TS
j30c5el 671 641 636 627 616
j30c5e2 668 638 631 623 617
j30c5e3 679 644 625 627 625
j30c5ed 664 638 637 638 634
130c5ed 687 633 646 624 620
j30c5e6 701 622 629 589 590
130c5e8 682 639 648 641 639
130c5e9 640 605 611 594 593
j30c5el0 653 597 609 597 597

e 10 T LA IGA-TS B 1 10 A4 K MRS f51) o
R T 9 AN A I R LT GA B3k \PSO B3k JHGA Bk
SRR T 2,1,2 NS B AT . B B X T2
R & TP LR 8 2 1 2 244 5 5 IGA- TS B ik
A B fire B A AR T AL S

GA B35 .PSO B35 . HGA B kA1 IGA-TS B3k 78 F ML
B b 0 T 1G B3 11 YRR 0 ik | 4y e an gk 11 7

F11 AT T4 1 (e 2200

Table 11  Relative percent gap of algorithms(type e)
Hk RG/%
GA 6.34
PSO 6.02
HGA 7.23
IGA-TS 8.31

3T 11 AT A, IGA-TS 536 1 B0 R0 A AR X T
IG B M P GHE A 4 o 8.31%,

N T S8 UE B0 RS o B AT B D B R R T 10 A
A 5T 45 AL 10 MEE 53 TF 60 LA K
PR A7 92 38 T 3 A A B0 1 Ik B e fE 5 R A Ak
PAT IS ] (- 34 . 1B 9 S 30k P B AT BoF [ T 7 A8 11
Ak A,
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Fig. 9 Variation trend of the average execution time of the algorithm

with the size of the workpiece
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Figl0 Instance j30c5el scheduling scheme Gantt chart
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Table 12

I %1 %2 %1 %2 %43 B1 B2
16 15 12 15 14 14 16
14 12 15 13 16 14 15
13 15 13 15 19 13 15
14 15 12 14 15 16 16
15 16 17 14 17 13 15
15 14 14 17 15 16 17
15 13 15 13 18 17 13
12 14 16 14 19 18 16
16 14 15 12 18 14 17

Processing time list

© o N Oy Ul e W DY

B3 AR HCE RN IGA-TS 83k N F 42 18] % 49 28 47 %
H AR B g Bk 13 Bl

F 13 KRR

Table 13 Scheduling results of each algorithm
Bk 3k A A EH/min I AR %R K B
GA 99 35
PSO 99 38
HGA 97 21

IGA-TS 95 7

W A 3 T AT 0, IGA-TS B3 33 7 52 bR W 26 1) v =
AT ARSI AR A HE = S, Bk B R B E A %
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Fig. 11  Gantt chart of workshop scheduling scheme
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