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A Particle Swarm Optimization Approach to Scheduling

Flowshop Manufacturing Cell

Student : Wei-Yu Chen Advisor : Dr. Muh-Cherng Wu

Department of Industrial Engineering and Management

National Chiao Tung University

Abstract

Particle swarm optimization (PSO), a type of meta-heuristic algorithms, has been
widely used in solving complex space-search problems. Most prior research focused
on how to apply or enhance PSO to.various problems. Aside from the traditional track,
this research examines a new research issue—Can the.adoption of a new solution
representation scheme improve the performance of PSO? A scheduling problem called
Flowshop Manufacturing Cell 4s used as the problem context, and two PSOs are
compared. The two algorithms, essentially the same in algorithmic flow, are distinct in
using two different solution representation schemes (respectively called Soig and Spew).
Noticeably, S was developed by prior studies and Spey is by Wu et al., (2011); the
two algorithms are named PSO-Sy4 and PSO-Sye, accordingly. Extensive numerical
experiments reveal that the two algorithms performs equally well in small setup time
(SSU) scenarios. Yet, PSO-Sye, outperforms PSO-Sy ¢ at large and medium setup
time (LSU/MSU) scenarios. This finding highlights an important new research
track—exploring new solution representation schemes while applying meta-heuristic

algorithms to various space-search problems.
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% 4.3 PSO-Syq VS PSO-Spew 30 1 F¥ 47 1 $2 4% % - Makespan

Scenario makespan Computation Time(sec)
N | Nw+Ne Ne Ny Cn Ct Ave. (%) Tn Tt Gap
1 SSU33 30 30 26 4 134.47 134.50 0.03 4332 | 24.85 | -18.46
2 SSU34 30 25 15 10 151.33 151.43 0.09 53.57 | 28.27 | -25.30
3 SSu44 30 25 2 23 186.29 186.63 0.20 7453 | 36.03 | -38.50
4 SSU55 30 16 4 12 24453 | 24452 0.03 115.14 | 49.27 | -65.87
5 SSU56 30 16 2 14 256.63 | 256.43 -0.06 121.26 | 51.58 | -69.69
6 SSU65 30 13 1 12 289.54 | 289.37 -0.04 14557 | 60.21 | -85.36
7 SSU66 30 14 1 13 299.25 | 298.78 -0.12 156.62 | 63.05 | -93.57
8 SSu8s 30 2 0 2 413.88 | 410.39 -0.83 24720 | 93.96 | -153.24
9 SSU108 30 0 0 0 500.23 492.86 -1.49 346.55 | 122.31 | -224.24
10 SSU1010 |30 0 0 0 544.14 535.45 -1.61 377.77 | 14152 | -236.25
11 MSU33 30 30 22 8 160.02 160.06 0.03 39.57 | 2321 | -16.35
12 MSU34 30 28 16 12 184.77 184.83 0.04 46.37 | 26.15 | -20.23
13 MSU44 30 28 8 20 237.79 |.238:16 0.15 66.33 | 35.09 | -31.23
14 MSU55 30 25 2 23 307.62 | 308.70 0.36 108.56 | 48.64 | -59.92
15 MSU56 30 23 2 21 319.78 | 320.67 0.29 108.59 | 49.74 | -58.86
16 MSU65 30 26 0 26 365.07 | 367.90 0.79 148.24 | 57.78 | -90.46
17 MSU66 30 23 0 23 384.02 | 385.84 0.47 150.36 | 62.16 | -88.20
18 MSU88 30 26 0 26 521.75 | 525.42 0.72 246.85 | 94.80 | -152.05
19 MSU108 |30 16 0 16 643.90 | 644.54 0.11 359.09 | 121.63 | -237.46
20 MSU1010 |30 9 0 9 677.97 675.14 -0.41 367.79 | 129.69 | -238.10
21 LSU33 30 30 27 3 228.03 | 228.04 0.01 46.40 | 13.92 | -32.48
22 LSuU34 30 29 16 13 239.01 239.08 0.03 42.83 | 13.15 | -29.67
23 LSU44 30 28 7 21 323.52 324.08 0.18 62.36 17.96 -44.40
24 LSU55 30 28 0 28 417.07 420.15 0.75 103.89 | 25.22 -78.67
25 LSU56 30 26 0 26 439.02 | 442.09 0.72 114.49 | 27.33 | -87.16
26 LSU65 30 30 0 30 493.49 501.41 1.59 14150 | 31.04 | -110.47
27 LSU66 30 29 0 29 516.50 | 524.87 1.60 14452 | 31.70 | -112.82
28 LSu88 30 30 0 30 71148 | 725.01 1.87 246.92 | 47.69 | -199.24
29 LSuU108 30 29 0 29 868.73 | 881.69 1.46 341.70 | 61.64 | -280.06
30 LSU1010 |30 26 0 26 931.87 941.53 1.03 370.01 | 71.08 | -298.93
Average of all Scenarios| 30| 22.00 5.03 | 16.97 | 399.72 401.32 0.27 164.60 | 55.36 | -109.24

19




4.3.1 Makespan #x & F 1t @ %

rheed 5 = (objpso- —Sold — 0bjpso-s,,,)/9bjpso-s,,, X 100% Rz Ffz
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——ssU | 003 | 009 | 020 | 003 | -006 | -0.04 | -0.12 | -0.83 | -1.49 | -1.61
——MsU| 003 | 004 | 015 | 036 | 029 | 079 | 047 | 072 | 011 | -0.41
~—1SU | 001 | 003 | 018 | 075 | 0.72 | 1.59 | 160 | 1.87 | 1.46 | 1.03
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(33) | (34) | (44) | (55) | (56) | (65) | (66) | (88) | (10,8) |(10,10)
———SSU | -18.46 | -25.30 | -38.50 | -65.87 | -69.69 | -85.36 | -93.57 |-153.24|-224.24|-236.25
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Bl 4.2 FE i+ LR LE
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4
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0
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434 A%RS

§ & 447 e b SSU BT e f g 5 10.38% 0 MSU £ LSU 4wl AL
0.26%7 0.92% » #* % % Fp KE 3 AE & P A e 40 PSO-Spey € 11 PSO-Soig A% % A%
¥ o d Fuct ie(n, )R 0 SSUSMSU 2LSU A F_ 918 27 24 > & P
EE B # PE T hd e PSO-Spew € VY PSO-Soig A% % A% 45 o 38, T 30ec L & L 0.27%F
VUG ART 3 AT I eRRTA A i A S HIR R 2 T B R s o AT A

3
L3 HH 5 i (PSO-Snew) e 30 B H-5 T TR R 165 §) 0 822k R jEpE

i ;
745 4 4 & % (PSO-Soi)55 #) » fe 8 5 13 X7 14k
44 AR E
Scenario makespan Computation Time(sec)
N Nw+Ne Ne | Nw | Cn Ct Ave. (%) Tn Tt Gap
Average of SSU Scenarios | 30 14 5 9 302 300 -0.38 168 67 -101
Average of MSU Scenarios| 30 23 518 | 380 381 0.26 164 65 -99
Average of LSU Scenarios | 30 29 5 | 24 | 517 523 0.92 161 34 -127
Average of all Scenarios | 30 22 5 | 17 | 400 | 401 0.27 165 55 -109
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MSU 0.25 6.27 1.96 B ¥ e
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