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Abstract

Purpose: Lot streaming, which has much attention in recent years, is an effective technique to increase production
efficiency in a production system by splitting a job into several smaller parts in a multi-stage production system. But
important assumptions that exist in the real-world scheduling environment are always ignored. Hence, in this paper, these
assumptions are discussed and the results are reviewed. In this paper, the aim is solving a multi objective mathematical
model for solving hybrid flow shop scheduling problem with lot-streaming, setup time and transportation time.

Methodology: At first, a multi objective mathematical programming model is presented for solving the problem. Then,
by wighting method, the multi objective model convert to single objective model and GAMS software is used to solve
the small size problems to show the performance of the mathematical mothel. Inspired by previous studies, two multi
objective metaheuristic algorithms based on the genetic algorithm is used to solve the large-scale problems. To illustrate
the performance of the proposed metaheuristic algorithms, the obtained results of the algorithms compared with GAMS
outputs in single mode.

Findings: To validate the proposed model, a sample is solved using GAMS software and compared with the genetic
algorithm. The obtained results show the performance of the mathematical model. Then, two proposed algorithms are
used to solve the large-scale problems. For this purpose, 30 instance problems are randomly generated and six indicators
are used to compare the algorithms. After performing the experiments and comparing the algorithms with each other,
the results show NRGA algorithm performs bether than NSGA-II.

Originality/Value: In this paper, for solving a multi objective hybrid flow shop scheduling problem with lot-
streamingm mathematical model with the aim of minimizing the makespan and total tardiness, the sequence-dependent
setup time and the transportation time constraints between consecutive stages are considered. Since the problem is NP-
hard, NSGA-II and NRGA algorithms were used to solve the proposed problem.
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Table 2- Example parameters.
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Table 3- Setup time in stage one.
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31 2 1 0 1
4 1 1 0 1 2
5 2 0 2 1 3
2 0 1 1 2 4
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Table 4- Setup time in stage two.
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Figure 2- The gantt chart of related example.
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Table 5- Results obtained from two methods of weight and genetics.

oyles  Structure GAMS GA

Jgumiisl  z, Z, CPUtime Z, Z, CPUtime
(second) (second)

1 Bl 26 8 12.37 26 8 2065
2 5l213 29 10 15.64 29 10 26.74
3 [1o)/12112] 40 8 96.77 40 8 39.11
4 [101/12)/13] 38 7 104.32 38 7 38.59
5 [15//131/14] 63 11 391.88 65 13 40.74
6 [115//131/14] 68 15 429.87 7117 42.65
7 [201/31/14] 89 26 690.37 93 30 63.74
8  [201/131/14] 96 24 724.32 103 27 68.09
9 [25/458)/151 112 20 1891.49 119 23 71.58
10 125151151 128 31 2069.39 137 36 79.06
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Table 6- Assignment jobs to machine.
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Figure 3- Crossover opration.
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Figure 4- Swap opration.
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Table 7- The parameter layer of NSGA-I1 and NRGA algorithm.
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Table 8- The values for performing design for NSGA-I1.

RUN  Npop

o

Pm

Sp

MID

RPD

©OoO~NOOU A~ WNPE

1

WWWNNDN PP

WNRFRP WNE WN RO

NP WRFRWNWN PP

P WOWNNE WWN PR

486.391
427.862
379.262
491.828
398.224
377.216
348.281
396.572
254.611

91.03
68.05
48.96
93.17
56.4
48.15
36.79
55.76
0
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Figure 7- The Means of S/N ratios diagram for the NSGA-I1 algorithm.
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Table 9- Optimum value of the NSGA-I1 algorithm parameters.
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Table 10- The values of performing the performance of NRGA algorithm.

RUN Npop Pc Pm Sp MID RPD
1 1 1 1 1 468.861  89.33
2 1 2 2 2 542632 119.11
3 1 3 3 3 286.001 1549
4 2 1 2 3 447636 80.75
5 2 2 3 1 250564 1.18
6 2 3 1 2 466811 88.5
7 3 1 3 2 247648 0
8 3 2 1 3 362383 46.33
9 3 3 2 1 324603  31.07
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Figure 8- Means of S/N ratios diagram for the NRGA algorithm.
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Table 11- Optimum value of the NRGA algorithm parameters.
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Table 12- Sample dimensions of random problems and the range of parameter. 3

3 3 3 3 3 23 >

1113133 1 3 4 :

1% 3 143 2 i3 4 J

3 . \ i) ,:" —'5 3 Ee)

E] 2 fo) v 3, N

9 v -~ 3 Fy 9 -

s 092 % :

B d 9 1

\o 3 y

3

1 5 ~U(5 2 2 ~U(G10) ~U(2570) ~U(15) ~U(520) i

2 5 ~U@5 3 2 ~U(G10) ~U(2570) ~U(L5) ~U(520) g

3 10 -~U@5 2 2 =~U(10) ~U(@2570) ~U(L5) ~U(5,20) =
4 10 -~U@25 3 2 ~U(10) ~U(2570) ~U(L5) ~U(5,20)
5 15 ~U@25 4 3 ~U(10) ~U(2570) ~U(L5) ~U(5,20)
6 15 ~U@25 4 3 ~U(10) ~U(2570) ~U(L5) ~U(5,20)
7 20 ~U@@5 4 3 ~U(10) ~U(2570) ~U(L5) ~U(5,20)
8 20 ~U@25 4 3 ~U(10) ~U(2570) ~U(L5) ~U(5,20)
9 25 ~U@@5 5 5 ~U(10) ~U(@2570) ~U(L5) ~U(5,20)
10 25 ~U@5 5 5 ~U(10) ~U(2570) ~U(L5) ~U(5,20)
11 30 ~U@@5 5 5 ~U(10) ~U(@2570) ~U(L5) ~U(5,20)
12 30 ~U@25 5 5 ~U(10) ~U(@2570) ~U(L5) ~U(5,20)
13 35 ~U@25 7 6 ~U(10) ~U(2570) ~U(L5) ~U(5,20)
14 35 ~U@25 7 6 ~U(10) ~U(@2570) ~U(L5) ~U(5,20)
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Table 12- Continued.

Ao 0 ko
b, sluss

JB & acgomo pj Slasi
&1 ol Slus
)l Jrgod wego
Siweskl oloj

Jo= oboj

Lac gomxo yj 3193 olo)

o 32 50 minlo Slus

15 40 -~U(25) 7 6 -~U(10) ~U(2570) ~U(L,5) ~U(5,20)
16 40 -~U@R5 7 6 -~U(G10) -~U@2570) ~U(L5) ~U(5,20)
17 45 ~U@R5 7 6 -~UG10) ~U@2570) ~U(L5) ~U(5,20)
18 45 ~UQR5 7 6 -~UG10) -~U@2570) ~U(L5) ~U(5,20)
19 50 ~U@5 10 8 -~U(G10) ~U@2570) ~U(L5) ~U(5,20)
20 50 ~U@5) 10 8 -~U(,10) ~U(@2570) ~U(L5) ~U(520)
21 55 ~U@5) 10 8 -~U(10) ~U(@2570) ~U(L5) ~U(520)
22 55 ~U@5) 10 8 -~U(10) ~U(@2570) ~U(L5) ~U(520)
23 60 ~U@5) 10 8 -~U(G10) ~U(@2570) ~U(L5) ~U(520)
24 60 ~U(@5 10 8 -~U(10) ~U(@2570) ~U(L5) ~U(520)
25 65 ~U@5) 12 10 -~U(,10) ~U(@2570) ~U(L5) ~U(520)
26 65 ~U@5) 12 10 -~U(10) ~U(2570) ~U(L5) ~U(520)
27 70 ~U@5) 12 10 -~U(,10) ~U(@2570) ~U(L5) ~U(5:20)
28 80 ~U@5) 12 12 ~U(G10) ~U(@2570) ~U(L5) ~U(520)
29 90 ~U@5) 12 12 ~U(G10) ~U(@2570) ~U(L5) ~U(520)
30 100 ~U(@5) 12 12 ~U(10) ~U(@2570) ~U(L5) ~U(520)
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Table 13- Computational results obtained problem samples by NSGA-11 algorithm.

Test NO. Diversity Spacing  Nos MID DM MOCV CPU _time
175.854 55.9800 7 1283.62  56.0460  95.9960 20.6820
114.038 2.83400 12 88.7910 27.6310 2.35100 27.6800

1

2

3 1844.91 9.13800 6 907.030  171.786  18.2910 43.6530
4 52.2040  0.415000 7 27.3540  4.27900 0.539000 27.3240
5 3940.264 311.436 4287.592 272444  34.5780 44.2550
6

7

8

9

©

2832.289 631.064 11 3778306  251.203  46.4740 41.7250
3139.301 776.536 5996.033  272.103  90.9620 65.9860
5753.969  1863.016 770758  293.557  90.3130 106.517
14442057  2789.824 20187.934  891.814  97.3950 215.875

10 6059.492 890.684 4125364  201.734  21.7560 157.905
11 261.009 3.73000 617521  16.3450  3.08600 183.205
12 37451.739 175.947 10  23910.632 1156.444  149.670 250.098
13 14885.984 95.3240 10  18577.291 433549  56.2650 432.440
14 11423.123 86.5050 11 10501.424  321.801  34.3030 365.923
15  15926.289  2765.906 10 8926.931  295.934  15.1930 834.020
16~ 62836.878  3846.151 11 34401.769 1088.254  117.807 767.641
17 40090.726  5022.627 6 39724998  668.835  85.6730 592.962
18  41623.053  5099.422 8 26214691 482520  67.3740 753.715

© o1 o o

19 16415871  4253.483 6 21101.858  236.898  39.6020 1479.633
20 130220.225 20550.997 11 90928.435 1503.338  196.115 862.896
21  20133.601  6584.128 5 101574417  507.835  847.682 988.772
22 607.544 200.656 4 5245584  21.0270  32.9670 1029.486
23 46243569  18907.03 7 150482.414  882.213  481.343 1246.18
24 3366.306 73.8870 5 16672904 535540  68.0650 923.505
25  46025.207 22340.918 6 106353.862  566.144  217.838 1675.958
26 42189.613  2459.336 7 22644031 647.812  739.318 1670.316
27 111578.596 24232.378 5 218487.916 1051.751  800.312 2057.797
28 2467.061 449.695 6 77831.61  109.568 1031.841 2502.124
29 44493402 21165.356 6 141176.276  782.146  347.312 1826.074
30  76398.574 27212.046 7 266932.114 1056.901  747.459 1855.147

Mean  26766.424 5761.88 7.53 54483.08 477515 219.26 768.316

' Multi Objective Coefficient of ?Mean Ideal Distance (MID)
Variation (MOCV)
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Table 14- Computational results obtained problem samples by NRGA algorithm.

Test NO. Diversity Spacing Nos MID DM MOCV  CPU_time

1 67.544000 33.462000 1340.705 29.59800 234.7620 22.83800
2 69.70600  6.429000 137.0010 18.64500 4.145000 23.97400
3 2038.252  924.4790 632.2650 192.4260 27.23400 22.95200
4 48.01900  18.68600 596.9390 5.191000 0.891 30.34900
5 3651.492  1262.364 1229.288 209.0990 50.72200 35.09100
6 2186.408  52.82800 1157.868 217.7970 99.52700 49.26700
7 4871.515  658.0620 1400.410 283.2690 95.97400 43.35600
8  11052.264  3216.048 2123.775 473.2990 41.91200 130.7930
9 30166.268  3478.794 3343.287 841.1120 116.9160 259.5800 _—
10 6373.882  475.5340 5497.456 162.5860 18.93300 166.6020 vY ¢
11 498.7350  166.1670 6523.020 20.52600 2.187000 2445160
12 51533595  7261.191 8076.033 1471.595 131.0470 216.0930
13 20889.123  337.5130 12980.893 565.5180 57.48800 598.8730
14 10793.796  886.2910 9960.781 274.8170 43.33200 394.9010
15  14415.054  2568.245 12569.744  242.2240 33.59700 652.3260
16 36430.663  1969.423 14027955 1012.321 116.1830 559.0530
17 32128.758  5009.734 19167.161 604.5310 109.9490 603.0370
18  26564.986  7966.857 24470.759 453.6210 104.3920 612.2940
19  17550.475  2981.556 35563.171 380.3350 42.75900 1268.274
20 97828.028 11260.184 35440.833 1550.639  193.3940 1323.175
21 156544.779 15672.943 40009.821 1944.920 145.5460 984.4640
22 3357.647  371.8310 35998.505 55.35800 6.648000 1337.973
23 127760.407  9540.248 41092.306 2195.147 148.2050 1147.906
24 14065.853  880.1770 35630.146 164.1170 15.14500 1698.779
25 106083.76 10355.002 49623.573 1251.348 119.3200 1288.132
26 235716.52  14959.01 40321.497 2269.807 196.2600 1537.251
27 228541626 26784.811 54613.668 3203.870 253.0750 1870.190
28 76883975 11143.661 54573.072 777.4020 104.6360 2085.867
29 216408.139 17356.112 51892.443 1245959 159.9570 2295.225
30  384328.11 23384.305 111492.103 2270.180 190.1580 3399.120
Mean  63961.645  6032.731 7.16 23716.215  812.908 95.476 830.075
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Figure 9- Diversity index results obtained from NSGA-II and NRGA.
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Figure 12- MID index results obtained from NSGA-11 and NRGA.

— NSGAI )
30001 —— NRGA i

2500

2000

z
2 1500
1000
500
(]
0 5 10 15 20 25 30
allisn aigai o lais
1200
1000 7 |
800
= 600
400 —0— NSGA-II
200 --&--NRGA
0
0 51015202530
Test No.

NRGA § NSGA-II ity 51 5l orolcawsas DM asLis gl -V ¥ S

Figure 13- DM index results obtained from NSGA-11 and NRGA.
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