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Abstract: This paper proposes an adaptive migrating birds optimization (AMBO) method based on variable
neighborhood search to solve the inequal lot streaming hybrid flowshop scheduling problem (ILS-HFSP)
for a 2+ 1-+1 hybrid flowshop, which realizes multi-objective optimization of minimizing makespan and
minimum average work in process. Compared with the original migrating birds optimization, the AMBO
algorithm adopts the variable neighborhood search strategy with an adaptive selection probability of
neighborhood operator that is adaptively adjusted with the number of iterations. Besides, a time-window
operator is adopted to improve the search performance of exchange operators and convergence rate. Several
orders of different scales generated randomly are studied, and the results show that the AMBO algorithm
has a higher solution quality and a better convergence performance than the migrating birds optimization
algorithm and the genetic algorithm, thereby verifying the effectiveness of the AMBO algorithm.
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Tab. 1 Quantity characteristics of product orders
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Tab.2 Orthogonal matrices and response values

WIT a w m g FH{E
1 25 5 5 10 0.080 1
2 25 10 10 20 0.080 3
3 25 15 15 30 0.088 1
4 51 5 10 30 0.0821
5 51 10 15 10 0.076 7
6 51 15 5 20 0.086 1
7 81 5 15 20 0.089 6
8 81 10 5 30 0.0869
9 81 15 10 10 0.088 6
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Tab.3 Mean response table

K a @ m 4
1 0.082 83 0.083 93 0.084 37 0.081 8
2 0.081 63 0.081 3 0.083 67 0.085 33
3 0. 088 37 0.087 6 0.084 8 0.0857
A 0.006 73 0.006 3 0.001 13 0.003 9
Hor 1 2 4 3
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Fig.7 Convergence effect diagram of three algorithms
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Tab.4 Comparison of algorithm results
AMBO MBO GA
i

AR i AR 2 A b i AR 2 TR I 2 1 T i AR 2

1 0.064 9 0.003 84 0.065 3 0.004 04 0.066 4 0.006 84

2 0.062 5 0.003 35 0.062 6 0.003 34 0.064 2 0.007 59

3 0.068 3 0.003 54 0.0726 0.003 69 0.076 4 0.007 95

4 0.068 6 0.002 84 0.078 4 0.003 65 0.081 4 0.007 18

5 0.074 8 0.003 21 0.076 5 0.003 64 0.0787 0.007 68

6 0.064 6 0.003 22 0.079 5 0.003 42 0.083 4 0.007 47

7 0.070 6 0.003 17 0.079 6 0.003 91 0.0777 0.007 34

8 0.0715 0.003 36 0.077 1 0.003 87 0.080 4 0.008 47

9 0.067 3 0.003 41 0.0715 0. 004 05 0.076 1 0.007 57

10 0.0711 0.003 71 0.0826 0.003 67 0.0817 0.007 54

11 0.062 1 0.003 15 0.064 5 0.003 78 0.079 4 0.007 81

12 0.073 3 0.003 44 0.0799 0.003 63 0.084 4 0.007 59

13 0.087 5 0.003 34 0.088 4 0.004 13 0.0919 0.007 63

15 0.086 5 0.003 25 0.088 6 0.003 57 0.088 4 0.008 04

14 0.068 6 0.003 11 0.072 6 0.003 98 0.0757 0.007 25

16 0.0639 0.003 24 0.0709 0.003 38 0.070 4 0.007 37

17 0.0716 0.003 15 0.0719 0.004 01 0.0717 0.007 94

18 0.063 9 0.003 41 0.065 6 0.003 87 0.0732 0.007 81

19 0.072 3 0.003 31 0.069 5 0.003 48 0.077 4 0.007 65

20 0.063 3 0.003 45 0.064 4 0.003 67 0.070 6 0.007 42

21 0.064 3 0.003 44 0.068 4 0.003 79 0.0704 0.008 06

22 0.0659 0.003 39 0.072 4 0.003 44 0.072 2 0.007 74

23 0.066 5 0.003 38 0.0726 0. 004 04 0.0719 0.007 35

24 0.064 9 0.003 26 0.068 6 0.003 67 0.070 4 0.007 84

25 0.068 5 0.003 28 0.0699 0.004 21 0.0717 0.007 85

26 0.069 6 0.002 85 0.069 9 0.003 68 0.0707 0.007 52

27 0.072 4 0.003 24 0.072 6 0.003 54 0.0731 0.007 28

28 0.062 4 0.003 37 0.067 9 0.003 64 0.069 5 0.008 38

29 0.068 8 0.003 15 0.069 5 0.003 92 0.0714 0.007 63

30 0.069 1 0.003 08 0.0719 0.003 90 0.0737 0.007 34

B 0.069 0 0.003 30 0.0731 0.003 75 0.0758 0.007 64
R5 IMEANZRER AR LT GA Bk, 5 MBO Sk ir . (H K
Tab.5 Experimental results of three algorithms SRIBKSE S E R 2Z 0T MBO B 5 GA

w migp  THORE THESC STEEY Bk

W BRKE SRR R TR G B /N S i A5 3
GA  0.0758  0.007 64 88 263,13 X B8V B 5 ) 36 BBUAT: 5 BABE S 60,80, 100 Y K
MBO  0.0731 0.003 75 76 335. 24 FIRE LA, LU K CPU iz 17 i 8] A 28 0k & 18 A4~
AMBO ~ 0.0690  0.003 30 56 358.12 1295 BUBLRE WL AL 30 Y. LUAW 43 LE R i

(RPD {8 5 H A of 22 003 25 50 1% S0 RE 1. e K
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CPU izf7H[a] 1E b T A, B L% & CPU 47
B R n X oo n R TT BREE, BVHE = AT 55 A, o
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Tab. 6 Experimental results of three algorithms at different
TR V1 B A B RS 1 S B 1 0 3 ) scales
b\?’i " é/’i:A oS N 414 Abyiﬂ- E =
Lh/ifn‘ﬁT B A A R R RE W B ﬁF‘KIEJ B RMER BI9EE TR SR
(R 0 5350 10,2030 s. 4 p=30 BT A LR R B BZ IRREUK IS/
W Bk E SRS, RPTE R AR T .
30 GA 0.0771  0.007 98 128 362. 24
R‘U 7Rmm
RPI(R,) = TR n MBO 0.0748  0.003 84 112 466. 25
A R,y i 45 5025 09 5% o IR 9258 4% H AR 3 Roio AMBO  0.0706  0.00376 87 493. 46
RZFEF T S5 BN ILA B S /N B br 10 GA 0.0778 0.00784 167 560. 32
{ RPUAE B/ SR PERE L. 3 7 24 » =60, 80, MBO  0.0752  0.003 91 154 650. 21
33 A o A NI ¢ 4 S s i
100 3 3 AR ALELR ] 30 /Bl HLH 52 55 40 9 RP1 AMBO  0.0714  0.003 64 125 708.72
PBIME o HHARMEZE s 1A E S T R AMBO
. o N . . ‘ 50 GA 0.0806  0.008 14 205 780. 32
S HA S AT LA I 3R 8 Fran, HfE o 1 8¢
— ; - . . MBO 0.076 6  0.004 14 179 920. 31
—1 Fm AMBO BLTE 950 M B EE LI T4
?ﬁ’?ﬁ{j&’{ﬁiﬂ 0 %%Wﬁﬁ/fﬁf*ﬁ%ﬁ@ﬁ&“ﬁﬂ AMBO 0.072 1 0.003 85 162 994. 63
HEH.
F7 Hp=10,20,30 Bf,GA.MBO 5 AMBO ® % RPI {F L&
Tab.7 Comparison of RPT among GA, MBO, and AMBO algorithms at p = 10,20, and 30
=10 =20 =30
2.5 MU ik ‘ f £
/% s /% s /% N
60 GA 5.78 4.78 8.15 4.32 13.01 3.81
MBO 12.21 3.79 11.06 3. 64 8.70 3.43
AMBO 3.37 2.78 2. 84 2.57 2.61 2. 44
80 GA 3.73 5. 24 7.27 4.71 11.42 4.29
MBO 11.93 1.13 10. 38 3.81 7.94 3.72
AMBO 3.54 3.11 3.13 2.79 2.89 2.58
100 GA 2.41 5.67 5.61 5.12 7.56 4.52
MBO 12.71 4.85 10. 47 4,45 7.46 4.23
AMBO 5.74 3.43 3.74 3.12 3.31 2. 88

*8 % p=10,20,30 B, AMBO 5Lt EEZN TREER
Lb B

Tab. 8  T-test results for AMBO and other algorithms at
o =10,20, and 30
i p=10 p=20 p=30
B GA  MBO GA  MBO GA  MBO
60 1 1 1 1 1 1
80 0 1 1 1 1 1
100 —1 1 1 1 1 1

M2 7 R 8 Al R 25 p=10. 4% 55 ML D9 60 fyl
WS AMBO FA BT MBO Bk GA 5
AR 55 MBS 80 B IS ] v - AMBO 8% GA
TR R E T MBO 535 4E 55 LB

100 {52 ) o AMBO 535 9 F GA RA AR
F MBO k. 4 p=20,30 i, AMBO 8 % 68 76 ir
AWML B BT MBO 836 5 GA 5% AMBO
TR T PRI B T A T SR AR 3 L e R LR
Bl rp RAE AMBO 83k 78 20 B 80 B I ) (o= 10)
W25 F GAEAE T BLE £ CPU B[] (p=20.30)
J& s AMBO 54 F GA 83k, Bt 18 K HLE 5 B
T . AMBO 8k B4 LT MBO k5 GA |k,

MERILEE R AT LA . AMBO S35 1EAT 55
PR 50 LR B /N LR S 451 v o LS g s 182 5 R
PEXET MBO 55 GA 53k s 78 KRB 6l
AMBO 5361 FILRE 100 T MBO 83k . BAR R4
> CPU AN 245 T GA B HEERIL T GA R
L BCRE UL AMBO 5 104 2k
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