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An Estimation of Distribution Algorithm for Solving Hybrid
Flow-shop Scheduling Problem
WANG Sheng-Yao* WANG Ling* XU Ye! ZHOU Gang®
Abstract According to the characteristics of the hybrid flow-shop scheduling problem (HFSP), the permutation based

encoding and decoding schemes are designed and a probability model for describing the distribution of the solution space
is built to propose an effective estimation of distribution algorithm (EDA) in this paper. It generates new individuals by
sampling based on the probability model and updates the parameters of the probability model with the superior population.
Moreover, the influence of parameter setting is investigated based on design of experiment and suitable parameter values
are suggested. Simulation results based on some instances and comparisons with some existing algorithms demonstrate
the effectiveness and robustness of the proposed algorithm.
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Table 1 Processing time
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1 2 2 4 3 1 1
2 2 3 2 3 2 1
3 4 3 2 3 2 2
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5 4 2 2 1 4 5
6 1 2 3 2 3 6
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M4 [ 62 [s52] | -2 ]
M3 [ 22 | 2 42
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mifet| 20 | 1 | a4 |
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Fig.2 Gantt chart of the schedule for the example
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Table 2 Parameter levels

5 K
1 2 3 4
Piize 20 30 40 50
n 10 20 30 40
[ 0.1 0.3 0.5 0.7

3 IEERMN AVG giit
Table 3 Orthogonal table and AVG values

BRI 4 T AVG
Piize n o
1 1 1 1 23.95
2 1 2 2 23.65
3 1 3 3 24.00
4 1 4 4 24.10
5 2 1 2 23.60
6 2 2 1 23.70
7 2 3 4 23.95
8 2 4 3 23.80
9 3 1 3 23.90
10 3 2 4 24.00
11 3 3 1 23.85
12 3 4 2 23.80
13 4 1 4 24.20
14 4 2 3 23.80
15 4 3 2 23.80
16 4 4 1 24.00
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Table 4 Response table

K- Pize n a
1 23.9250 23.9125 23.8750
2 23.7625 23.7875 23.7125
3 23.8875 23.9000 23.8750
4 23.9500 23.9250 24.0625
W= 0.1875 0.1375 0.35
21 2 3 1
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Fig.4 Factor level trend of the parameters
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Table 5 Processing time of Problem 1

Tk Bl BB 2 K 3
M1l M2 M3 M4 M5 M6 M7 M8 M9
1 2 2 3 4 5 2 3 2 3
2 4 5 4 3 4 3 4 5 4
3 6 5 4 4 2 3 4 2 5
4 4 3 4 6 5 3 6 5 8
5 4 5 3 3 1 3 4 6 5
6 6 5 4 2 3 4 3 9 5
7 5 2 4 4 6 3 4 3 5
8 3 5 4 7 5 3 3 6 4
9 2 5 4 1 2 7 8 6 5
10 3 6 4 3 4 4 8 6 7
11 5 2 4 3 5 6 7 6 5
12 6 5 4 5 4 3 4 7 5

F 6 FETIM 1 MR R
Table 6 Simulation results and comparison
of Problem 1

IR, R AR L] 2 AT IR, S48 2
X AR AR 7 v BN R I AL AR, 3
SR 3 SRIEY. 2 SEILR 2 |50, %6
BLES M CRE AR, BRI Ttk 7 fros. %
EDA 5 GAP! SFLAM gE47 L, R FHAH [ (197
Prik & 18 000. SCHR [9] X4 H GA — k5 I &5
X, EDA BOrisr 10 kUF &5 Rk 8 .

RS 2 N TR R
Table 7 Processing time of Problem 2

Brig 4

Tt B 1 Wi 2 B 3
M9 MI10

M1 M2 M3 M4 M5 M6 M7 M8

1 45 48 50 35 35 30 30 35 25 26
2 45 50 45 35 36 35 35 34 25 30
3 50 45 46 35 36 36 31 34 30 31
4 50 48 48 34 38 35 32 33 27 31
5 45 46 48 30 35 50 34 32 28 31
6 45 45 45 30 35 50 33 32 30 26
7 47 50 47 31 30 35 35 31 29 25
8 50 45 48 32 30 34 34 30 24 27
9 48 46 46 33 34 30 34 30 25 25
10 45 47 47 33 33 30 35 34 32 26
11 46 50 45 34 30 50 30 35 31 25
12 48 50 47 35 31 35 32 30 25 30

8 LTI 2 G RA

Table 8 Simulation results and comparison of Problem 2

AL 1 2 3 4 5 6 7 8 9 10

H 1 2 3 4 5 6 7 8 9 10
AIS 27

GA 30 27 26 27 29 27 26 27 26 28
SFLA 24 24 24 24 24 24 24 24 24 24
EDA 23 24 23 23 23 23 24 24 23 24

H1# 6 W), EDA BE4KE] Crax = 23 BUHEAL
R, 0 R BRI 5 BT s, st AR RE T
EDA fefg4E 10 XILI247H 6 IR, -1
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M9 | 9-3 | | 5-3 ]
Ms
M7 [ 43 [ 83 ] [ 123 ]
M6 L3 | 63 | | 23] [1-3]
M3 [9-2 ] 42 [5-2] 8-2 | 122 |32
M4 [2 T w2TJe2] 72 T 22T 12 ]
5] IS T T
m2[11-1] 6-1 [7-1] 3-1 ]
MILOT [ 101 [ 81 [ 2.1 ]

0 4 8 12 16 20 23

5 Sl 1 ARV R H AR
Fig.5 Gantt chart of the best solution for Problem 1

GA 347
SFLA 297 313 297 297 313 310 313 311 316 306
EDA 297 297 297 297 298 297 297 298 298 298
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