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Abstract: This paper proposes a hybrid cross-entropy algorithm (HCEA) and formulates a sequence-based model for
solving a type of complex no-wait flow-shop scheduling problem with sequence dependent setup times and release times
(NFSSP_SDSTs_RTs), which widely exists in the manufacturing industry. The criterion of the NFSSP SDSTs RTs is to
minimize the total earliness and tardiness. Firstly, a speed-up evaluation method based on problem property is devised,
which can effectively reduce the computational complexity of solution evaluation. Secondly, a cross entropy algorithm is
used to learn and accumulate the structural characteristics of high-quality solutions, and a probability model is established
to effectively estimate the distribution of job blocks in superior solutions. Then, the global search for promising regions
in solution space is performed by using the reasonable sampling and updating methods. Thirdly, in order to enhance the
search efficiency of HCEA, a fast local search with two search strategies is developed to execute detailed and in-depth
exploitation in these promising regions found by the global exploration. Finally, simulation experiments and comparison
results demonstrate that the proposed HCEA can effectively solve the NFSSP_SDSTs_RTs.
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popsize x n(n — 1) +n*(n — 1) x popsize x
p+nlogn+ (n— KK +1) xnlogn}] =
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WIFR2FT7R. EFRRNBA Los (5°) B IEAE SEER AT 4L
R, FIEE SRS & T R IZ 17301k, &
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Table 2 Main parameters and level table
KT
1 2 3 4 5

2

popsize 30 60 100 120 150
¥ 01 02 03 04 05
r 005 01 02 03 04

IERE RS HR BAE QiR 3Fs, AR 1IE R Gt
13 3 &S HH 1 S 0e N AE INRAFTR, S-S HO0 ik
P B R 1 F e R A G 6 BT R R4 K El6 R LR
I, AT S B 2o SR TR R 7 AR ORI S
PRAE DL 1 5256 45 AT 1, HCEAR B S 50 BN
popsize = 120, ¢ = 0.2, r = 0.2, %S ¥t ¥ N H T
JE BB T RIS L.

%3 BHREHETK
Table 3 Orthogonal table of parameter settings

SH AT ARV SD
popsize ¢ r
1 1 1 1 29.0134 2.2234
2 1 2 2 315123 2.1034
3 1 3 3 253485 2.2352
4 1 4 4 232318 2.6237
5 1 5 5 29.6342 2.2385
6 2 1 2 289345 2.2334
7 2 2 3 287128 2.1982
8 2 3 4 258734 22251
9 2 4 5 298531 2.2375
10 2 5 1 257848 2.3215
11 3 1 3 297572 1.9493
12 3 2 4 318126 2.1945
13 3 3 5 29.8934 23219
14 3 4 1 257432 2.2485
15 3 5 2 287549 2.2892
16 4 1 4 347635 2.2384
17 4 2 5 327432 2.0679
18 4 3 1 36.1892 2.2846
19 4 4 2 327451 2.2023
20 4 5 3 30.0242 2.1541
21 5 1 5 276738 2.2743
22 5 2 1 331782 2.1385
23 5 3 2 349458 2.0679
24 5 4 3 268452 22135
25 5 5 4 319547 2.2892
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Table 4 Average response value and level table at dif-
ferent levels of each parameter

JKF  popsize @ r
1 27.7480 30.0285 29.9818
2 27.8317 31.5918 31.3785
3 29.1923  30.4501 28.1376
4 33.2930 27.6837 29.5272
5 309195 29.2306 29.9595
HZE  5.5450 3.9081 3.2409
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Fig. 6 Response diagram of parameters
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Table 5 Comparison results of HCEA and its six variants

" m HCEAvy, HCEAv, HCEAv3 HCEAv4 HCEAvs HCEAvs HCEA
ARIT SD ARI SD ARl SD ARI SD ARI SD ARl SD ARI SD
20 x5 5952 196 6134 164 6212 158 63.64 146 5884 179 6276 095 6422 0.86
20 x 10 5347 173 5535 153 5623 146 5781 131 51.68 158 56.83 0.86 58.65 0.72
20 x20 50.71 1.87 5257 1.79 5347 1.62 5622 152 5022 174 5491 085 56.76 0.81
30 x5 5853 1.85 5922 165 60.13 152 6376 145 57.11 1.68 61.64 092 64.87 0.73
30x 10 5484 196 5631 171 57.81 154 5874 143 5324 192 58.65 097 59.83 0.76
30 x20 5457 193 56.15 1.77 5754 158 5928 155 5403 184 5827 0.84 6092 0.67
50 x5 5742 176 60.76 153 61.64 135 6585 123 5518 1.68 6343 081 67.47 0.68
50,10 56.83 1.68 59.03 154 6065 141 6334 138 5457 1.63 6287 082 6495 0.76
50x20 5539 177 5846 1.61 5922 156 6129 149 5415 182 6032 0.76 62.68 0.58
70 x5 5776 172 6032 157 61.15 144 6524 131 5532 191 6359 0.83 66.83 0.65
70 x 10 56.88 2.19 60.89 192 6157 183 6433 161 5452 227 63.07 1.04 6552 0.72
70 x 20 5375 1.84 57.68 1.65 59.65 147 6461 131 5226 213 6272 0.78 65.61 0.67
100 x 10 5746 1.75 6273 152 6492 148 68.62 124 5554 185 6583 1.19 7034 1.03
100 x 20 59.72 233 6471 218 6573 196 6931 175 5737 245 6628 1.17 7177 091
100 x 40 48.52 2.69 4981 229 5046 223 5538 218 46.12 261 5431 126 56.76 1.12
SPHME 5569 1.94 5836 1.73 5949 160 6249 148 5401 193 61.03 094 6381 0.78

12268 ] %1, HCEASK A A~ [ R ) R e vt-25
SR A T HAR3Fh L B, X 3 B N R 4T 3
R G EE IR A DAt — B4 T, 6 T4 43 il
8, HCEATE p = 21t} 3K 753 1 45 3 35 LLEEDA, IGH
TMIGHEVETEp = 4Hlp = 61 IR1F 1) 45 AL ELF. Xt
FAS A HURE 1) 17 75, HCEAZS 1] () J5 22 SDAE th 5 /8,
XU T HCEA BAT RAF SR ARYERE.

N T B THCEA S H A Bk PR Re 22 57 o

4330 3%, K H Tukey’s HSD 5 V2 X # 6-8 H 14 Fh 7%
SrTEp = 2, 4, 6 = FRHUE T SR AR SR RIS (1] 17) 25 iy
13 B ARUE T T7 250 T (ANOVA). K8 4R ELi%
TEA RS AT I 18] R @) 35948 2 95% B A5 & T Tukey’s
HSDAEE 1) EAR X R . B B8R A, TEAN R 4T B[]
THCEATS 2| [ ARUE 5 H At 3% X} L 53 fr 15 2
JARMEAH LUAFAE B3 2 57, BA Gt 55 3. Ak,
ML ] F H, fi A 12T [A] (1) 34 ITHCEA S 21 1)
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k6 HiEILELZER(p=2)
Table 6 Comparison results of algorithms (p = 2)

EEDA IG TMIIG HCEA

nxXm

ARI SD ARI SD ARI SD ARI SD

205 57.11 1.46 56.34 0.85 57.12 1.48 64.34 0.81
20 x 10 53.36 1.18 52.56 0.83 54.03 1.53 58.35 0.79
20 x 20 5225 0.91 51.54 0.84 53.23 1.25 56.84 0.86
30 x5 6027 0.97 58.62 0.71 61.64 1.52 64.92 0.68
30 x 10 55.28 0.92 53.51 0.86 56.22 1.66 59.95 0.73
30 x 20 56.63 0.96 56.21 0.83 57.36 1.54 60.28 0.76
50 x5 63.48 0.81 62.16 0.74 63.45 1.27 68.12 0.67
50 x 10 61.97 0.75 61.43 0.82 62.17 1.39 65.13 0.76
50 x 20 57.15 0.89 57.03 0.77 57.19 141 62.91 0.66
70 x5 61.86 0.62 61.87 0.87 62.35 1.22 67.03 0.71
70 x 10 62.22 0.87 61.58 0.74 63.43 1.30 65.41 0.68
70 x 20 60.73 0.72 59.86 0.87 61.24 1.39 65.97 0.74
100 x 10 62.52 1.62 6123 0.93 63.43 1.85 70.86 0.98
100 x 20 65.43 1.37 64.12 0.85 66.31 1.27 71.92 091
100 x 40 51.22 0.96 50.45 0.94 52.72 1.48 5823 1.07
FEME 5877 1.00 57.90 0.83 59.46 1.44 64.02 0.79

k7 HERIEREZER(p=4)
Table 7 Comparison results of algorithms (p = 4)

EEDA IG TMIIG HCEA

nxm

ARI SD ARI SD ARI SD ARI SD

205 57.56 1.38 56.92 0.83 57.84 1.41 64.64 0.78
20 x 10 53.87 1.07 52.83 0.81 54.55 1.38 58.61 0.77
20 x 20 52.69 0.94 51.93 0.82 53.75 1.16 57.13 0.83
30 x5 60.88 0.95 59.04 0.69 61.93 1.47 65.19 0.64
30 x 10 55.73 1.07 53.97 0.91 56.53 1.62 59.93 0.71
30 x 20 56.91 0.92 56.43 0.82 57.84 1.51 61.19 0.73
50 x5 63.71 0.79 62.56 0.72 63.67 1.23 68.23 0.64
50 x 10 62.14 0.72 61.79 0.81 62.31 1.33 65.25 0.75
50 x 20 57.38 0.83 57.32 0.74 57.54 1.37 63.06 0.63
70 x5 6225 0.64 62.33 0.84 62.82 1.23 67.21 0.72
70 x 10 62.54 0.82 61.91 0.79 64.02 1.27 65.63 0.63
70 x 20 60.94 0.71 60.32 0.83 61.56 1.36 66.17 0.73
100 x 10 6291 1.55 61.74 0.92 63.85 1.79 71.19 0.94
100 x 20 65.74 1.32 64.61 0.79 66.75 1.28 72.13 0.87
100 x 40 51.34 0.98 50.71 0.91 5291 1.45 58.64 1.03
FEME 59.11 0.98 58.29 0.82 59.86 1.39 64.28 0.76

8 HKILERLZER(p=06)
Table 8 Comparison results of algorithms (p = 6)

EEDA 1G TMIIG HCEA

nxm

ARI SD ARI SD ARI SD ARI SD

20 x5 58.17 1.35 57.54 0.85 58.32 1.39 64.85 0.79
20 x 10 54.23 1.03 53.26 0.79 55.11 1.27 58.87 0.75
20 x 20 53.12 0.87 52.37 0.82 54.34 1.13 57.32 0.85
30 x5 6146 093 59.41 0.68 62.58 1.51 65.32 0.62
30 x 10 55.98 0.94 5438 0.89 57.01 1.64 60.25 0.72
30 x 20 57.15 0.86 56.94 0.85 58.11 1.56 61.32 0.74
50 x5 64.19 0.76 63.22 0.73 64.13 1.21 68.41 0.61
50 x 10 62.46 0.76 62.18 0.79 62.87 1.27 65.34 0.72
50 x 20 57.92 0.85 57.84 0.78 58.12 1.35 63.15 0.64
70 x5 62.81 0.61 62.85 0.83 63.26 1.24 67.32 0.71
70 x 10 62.86 0.85 62.27 0.72 64.23 1.29 65.81 0.61
70 x 20 61.22 0.69 61.03 0.89 61.94 1.32 66.36 0.68
100 x 10 63.27 1.35 62.11 0.86 64.32 1.72 71.38 0.91
100 x 20 66.32 0.72 65.23 0.83 67.13 1.23 72.32 0.85
100 x 40 51.79 0.95 51.04 0.92 53.15 1.42 58.87 1.02
SFME 59.53 0.90 58.78 0.82 60.31 1.37 64.46 0.75
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Table 9 Comparison results of algorithms for the
real world instances

EEDA IG TMIIG HCEA

nxm

ARI SD ARI SD ARI SD ARI SD

10 x5 5645 1.25 55.69 0.94 58.43 1.08 62.33 0.85
20 x 5 5841 1.13 57.53 0.89 60.08 0.95 65.49 0.87
30 x 5 59.38 0.93 58.61 0.72 62.13 0.88 69.13 0.64
40 x 5 58.13 1.04 56.87 0.81 61.07 0.92 67.38 0.72
50 x5 58.45 0.85 57.12 0.72 60.93 0.79 64.89 0.63
60 x 5 64.34 0.92 63.67 0.88 66.75 0.86 69.35 0.67
70 x 5 56.13 0.81 54.86 0.61 57.58 0.68 63.74 0.55
80 x5 61.12 1.19 59.86 0.75 62.42 0.84 65.69 0.53
90 x 5 60.60 0.72 58.91 0.58 61.81 0.67 64.26 0.49
100 x 5 58.78 0.81 58.03 0.76 60.65 0.74 63.53 0.67
110 x 5 6325 1.41 6233 1.11 64.61 1.23 66.88 0.92
120 x 5 68.29 1.68 67.89 1.39 69.38 1.56 71.39 1.01
130 x 5 60.28 1.13 59.61 0.86 62.54 0.95 65.14 0.72
140 x 5 58.96 1.48 57.18 1.18 60.18 1.29 63.55 1.02
150 x 5 59.75 1.56 58.83 1.23 62.27 1.41 65.64 0.96
160 x 5 62.84 1.25 61.64 1.14 64.78 1.08 67.67 0.99
170 x 5 63.44 1.66 62.55 1.21 65.67 1.47 68.31 1.02
180 x 5 61.80 1.53 63.44 1.06 6547 1.34 69.38 0.86
190 x 5 61.97 1.03 59.05 0.74 63.25 0.81 66.96 0.67
200 x 5 66.67 1.56 64.18 1.21 67.14 1.32 71.23 1.03
FHIE 6095 1.20 59.89 0.94 62.86 1.04 66.60 0.79
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