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Abstract: This paper considers the widely existing distributed permutation flow shop scheduling problem (DPFSP)
with uncertain processing time, and studies how to establish the problem model and design the solution algorithm, so as to
ensure that the final solution obtained by the algorithm has a smaller optimization target value (i.e. makespan value) that
can meet customer expectation in multiple typical scenarios of DPFSP. In terms of problem modeling, firstly, the scenario
method is used to construct multiple different typical scenarios to form a scenario set in which each scenario corresponds
to a DPFSP with different processing time, and the appropriate makespan value is selected as the scenario threshold to
dynamically filter out the bad scenario subset from the scenario set when evaluating the problem’s solution; secondly, based
on the conventional optimization objective (i.e., makespan) and combined with the concept of “bad” scene subset, a new
optimization objective that can realize robust scheduling is proposed to guide each generation of the algorithm to strengthen
the search in the corresponding solution space of each DPFSP’s scenario in the current “bad” scenario set; thirdly, combined
with the proposed new optimization objective, a multi-scenario-based robust DPFSP (MSRDPFSP) is established. In terms
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of algorithm design, a hyper-heuristic artificial bee colony algorithm (HHABC) is proposed to solve the MSRDPFSP.

The HHABC is divided into a high-level and low-level structure. The low level is designed with six heuristic operations

(HO), and the high level utilizes the artificial bee colony algorithm to control and select low-level HOs to continuously

generate new hybrid heuristic algorithms, which are used to realize in-depth search in the corresponding solution spaces of

different scenarios. Simulation experiments and algorithm comparisons on the test problems with different scales verify the

effectiveness of HHABC.
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Fig. 4 The flow chart of HHABC
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Table 3 Key parameters and levels

K

S

U 1 2 3 4
ps 60 80 100 120
n 20 30 40 50
6 02 03 04 05

SLUG 285 SR R A R AR RS R, R B 5 P45 3]
IS FIT 7 16 % 2 0 S B il 4. B RIS TR, %24
AN[R] ARV SR R ORI, BARTIT S, nit
/NI RE 2 S BRI AR R AL B &%, iR
AR T FEBE R A, ps BUE R K& S BUERAE
A [E] S 8] A 385 AR Bk T e A& 30 3 T R 00 o e
X3, QHUE I K 2 3 BUEEAE R 7 1) i T OB ot
figrb S S, AN 2 S BUR R R K. T
SEUGEE IR R AT, M HHABCHI S 40 B Nps =
60, n = 30, 0 = 0.4k}, FykPERERLT.
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20 X N x M x F x |A| 240, FrG s n i AT
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AN a0 LR 45 R AR R,

4.2.1 Kk = SR B Rt

NI UEMSRDPESPH ik # ABCHL %Ay )= 3
W 0 R, H2R 23 A 20 A T 55092 (estimation of
distribution algorithm, EDA){E N 1 JZ 5 i 18 i &
A A7 Al T 53 (hyper-heuristic estimation of distri-
bution algorithm, HHEDA)F 3K H 15 1% % 2 (genetic
algorithm, GA)1E Ay /&1 J= S W (1) 8 J5 R =g A% 5%

(hyper-heuristic genetic algorithm, HHGA)5HHABC
SVERAT R G N ORIUE SRS 2 P4, 3X 3R ARE AT X
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% 4 EXRAAVGHITA
Table 4 Orthogonal table of parameters settings

SHAG _ZEURT AVG
ps n 0
1 1 1 1 378460
2 1 2 2 353483
3 1 3 3 369.575
4 1 4 4 380.050
5 2 1 2 373413
6 2 2 1 369.065
7 2 3 4 390464
8 2 4 3 359597
9 3 1 3 375934
10 3 2 4 368.187
11 3 3 1 394465
12 3 4 2 384393
13 4 1 4 389315
14 4 2 3 378.070
15 4 3 2 395266
16 4 4 1 388.872

5 BA5%¥rq AL

ZH
7K

ps n 0
1 370.392  379.280 382.716
2 373.135 367.013 376.714
3 380.745 387.443 370.794
4 387.881 378.228 382.004
Wz 17.489 20.43 11.922

Al ALE| = 2 1 3
390 _I T ps T i g T T ]1I T T T 0 T T ]
385+ -
380 B
375+ e
370 1 B
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Fig. 5 The influence trend of parameters

Table 5 Average response values of each parameter
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Table 6 ABC'’s effectiveness verification

\ HHGA HHEDA HHABC
IF] AR

WST BST AVG WST BST AVG WST BST AVG

20 x5 x 2 48.6 46.6 47.8 47.3 44.8 45.2 45.7 43.5 44.3
20 x 10 x 2 178.2 172.1 174.1 174.4 165.2 168.3 167.3 162.6 164.4

20 x 20 x 2 88.3 85.6 87.0 89.6 84.6 86.2 87.7 85.3 86.1
50 X 5 x 2 143.6 100.9 123.3 135.1 103.6 118.4 127.4 90.5 104.5
50 x 10 x 2 249.8 238.8 242.0 253.6 237.7 240.9 247.8 2328  236.8
50 x 20 x 2 220.4 183.1 210.3 207.1 199.1 195.0 204.1 178.7 192.9
100 x 5 x 2 651.6  562.8 578.3 557.5 4904 5328 4054  386.7  389.6
100 x 10 x 2 721.2 5325 641.6 643.5 346.2 514.2 3785 3432 3593
100 x 20 x 2 1086.7 925.0 9474 954.3 871.7 905.2 736.3 665.7 693.8
20 x 5 x 4 134.2 91.8 116.4 95.9 84.3 88.7 80.9 72.5 75.4
20 x 10 x 4 370.7 241.1 292.5 3520  209.6 309.6 273.1 237.3 2575
20 x 20 x 4 305.7 231.3 287.4 283.9 191.3 259.6 192.3 187.3 190.7
50 x 5 x 4 663.5 4142 5334 522.7 296.2  457.1 4084  343.6  368.5
50 x 10 x4 1259.6  966.7 1134.1 11703  875.1 10345 882.0  816.7 8554
50 x 20 x4 13213 558.6  719.7 10332 7348 896.3 6134 5479  587.1
100 x 5 x4  2761.8 13463 18674 1523.5 1298.6  1400.2 1363.5 1108.3 1226.3
100 x 10 x 4 17923 13214 1516.1 1492.7 12795 14103 1536.5 1193.3 1343.7
100 x 20 x 4  2084.4 1364.3 1630.5 1855.6 1169.3 1549.0 1273.8 984.5 1099.3
20x5x6 178.1 98.0 122.8 158.3 58.0 105.3 80.6 67.3 72.7
20 x 10 x 6 288.5 214.9 198.1 147.5 141.9 143.3 151.5 136.1 146.8
20 x 20 x 6 376.1 256.1 306.2 172.1 120.6 131.7 185.3 149.1 164.5
50 X 5 x 6 177.4 154.2 163.5 154.8 119.5 148.9 132.9 113.2 128.3
50 x 10 x 6 781.4 4779 653.7 679.6 562.1 584.9 545.2 3475 4047
50 x 20 x 6 8912 5490  646.6 480.2 4250 4738 485.3 3485 4263
100 x 5x6 12292  650.7 983.3 983.9  457.1 719.8 577.3 4129 4838
100 x 10 x 6 3793.6 19929 27825 284477 1851.2 2082.5 1276.0 10644 1135.6
100 x 20 x 6 1960.6 1186.5 1806.4 1813.6 11333 1510.2 1556.5 1123.7 1367.4
Average 879.6 5542  697.1 697.3 487.1 596.7 519.1 4375  466.9

i %P HHABCSHHEDA, HHGAZE A [6] .45
Hrlt gk B3 4T 77 2% 43 BT (analysis of variance, ANO-
VA) DL B S B 1 30 2 31 H HHABC 5 HHEDA,
HHGAZ [RIfFAE I RE 22 7. 16 s 3R ARE 1))
ARk 2%} 95% E A5 FE K i Tukey’s HSDAG 56 ) B 15
[X[H].

750 F U T T =

I |

650 - B

700 -

600 ~
550 B

500 - B
450 + . . i B
HHGA HHEDA  HHABC

K 6 HHABC 5HHEDA, HHGA R /7 Z /01 &

Fig. 6 Analysis of variance chart between HHABC
and HHEDA, HHGA
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N IE 5 IFHHABCH) A 2 M, K HHABC 5SS,
BSIGP!, CRO™, MDDED!, BR-ILS! 55h &84T %}
bb. X SFR SR I A SRk F T SR o AT X B K R
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Fig. 7 Analysis of variance chart of HHABC, CRO,
SS, BSIG, BR-ILS, MDDE
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