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A Simulated Annealing Approach to
Scheduling Flowshop Manufacturing Cell

Student : Wei-Jie Tseng Advisor : Dr. Muh-Cherng Wu

Department of Industrial Engineering and Management
National Chiao Tung University

Abstract

Simulated Annealing (SA), 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 SA 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 SA? A scheduling problem called
Flowshop Manufacturing Cell is used as the ‘problem context, and two SAs are
compared. The two algorithms, essentially the same in algorithmic flow, are distinct in
using two different solution representation schemes (respectively called Sgig and Spew).
Noticeably, Soiq was developed by prior studies and Sy is by Wu et al. (2011); the
two algorithms are named SA-Sgg and SA-Spew accordingly. Extensive numerical
experiments reveal that the two algorithms performs equally well in small and
medium setup time (SSU/MSU) scenarios. Yet, SA-Sqew outperforms SA-Sqq  at large
setup time (LSU) scenarios. This finding highlights an important new research
track—exploring new solution representation schemes while applying meta-heuristic

algorithms to various space-search problems.
Keywords: Simulated Annealing, solution representation, scheduling
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443 2% mat 4

ID (Scenario makespan Computation Time(sec)
N | Nw+Ne | Ne Ny Cn Ct Ave. (%) Tn Tt Gap
1 |SSuU33 30 30 22 8 134.49 | 134.85 0.37 2.36 2.59 0.23
2 |SSsu34 30 24 12 12 | 151.45 | 151.76 0.29 3.40 3.46 0.06
3 [SSu44 30 17 8 9 186.50 | 186.43 -0.03 543 5.68 0.25
4 |SSU55 30 13 4 9 244.89 | 244.78 -0.03 10.18 10.97 0.79
5 |SSU56 30 12 3 9 256.94 | 256.86 -0.02 12.27 13.20 0.92
6 |SSuU65 30 14 2 12 | 289.85 | 289.71 -0.04 14.79 15.83 1.04
7 |SSU66 30 15 2 13 299.47 | 299.45 0.01 17.71 18.97 1.26
8 [SSuss 30 8 0 8 41355 | 413.03 -0.13 43.13 45.94 2.80
9 [SSu108 30 4 0 4 499.67 | 497.49 -0.45 66.43 70.77 4.33
10 [SSU1010 30 7 1 6 543.64 | 542.33 -0.25 87.87 92.50 4.63
11 |MSU33 30 29 15 14 | 160.04 | 160.56 0.36 2.09 2.35 0.26
12 |MSU34 30 29 19 10 ,184.80 | 185.18 0.24 3.13 321 0.08
13 |MSU44 30 28 16 12 | 237.85.| 238.09 0.11 5.48 5.64 0.16
14 |MSU55 30 21 6 15 | 307.71 | 307.95 0.09 10.13 10.91 0.78
15 |MSU56 30 18 4 14 | 319.82 | 320.08 0.10 11.64 12.66 1.03
16 |[MSU65 30 16 2 14 364.98 | 365.16 0.05 14.48 15.57 1.09
17 |MSU66 30 17 3 14 | 383.88 | 383.82 -0.01 17.71 18.98 1.27
18 |MSU88 30 10 0 10 520.21 | 519.44 -0.14 42.77 45.64 2.87
19 |MSU108 30 13 0 13.1°639:66 | 638.26 -0.22 68.49 72.61 412
20 |MSU1010 30 8 0 8 674.35 | 672.64 -0.25 85.49 90.63 5.14
21 |LSU33 30 30 19 11 228.04 | 228.49 0.21 2.54 2.75 0.21
22 |LSU34 30 29 15 14 | 239.03 | 239.64 0.28 2.82 2.98 0.16
23 |LSu44 30 27 10 17 323.52 | 324.41 0.31 5.18 5.37 0.19
24 |LSU55 30 28 6 22 | 416.92 | 417.69 0.19 9.73 10.56 0.83
25 |LSU56 30 22 2 20 | 438.81 | 439.16 0.08 12.07 12.98 0.92
26 |LSU65 30 24 3 21 493.08 | 493.93 0.18 14.79 15.75 0.96
27 |LSU66 30 24 3 21 516.01 | 516.67 0.13 16.83 18.17 1.34
28 |LSu88 30 22 0 22 | 707.75 | 708.71 0.14 41.28 44.26 2.98
29 |LSU108 30 21 0 21 856.95 | 857.85 0.10 65.81 70.52 471
30 |LSu1010 30 22 0 22 | 920.54 | 922.01 0.16 88.00 92.88 4.88
Average of all Scenarios 30| 19.40 |5.90 | 13.50 | 398.48 | 398.55 0.06 26.13 27.81 1.68
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Average of all makespan Computation Time(sec)
Scenarios N Nw+Ne | Ne 4 Ny Cn Ct [Ave. ()| Tn Tt Gap
SSuU 30 14.4 541 9 [302.05|301.67| -0.03 | 26.36 | 27.99 | 1.63
MSU 30 18.9 6.5 | 12.4 | 379.33(379.12| 0.03 26.14 | 27.82 | 1.68
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0.60
0.40 makespan
o
% 0.20 e
% 0.00 N
R4
~~ .0.20
X
~ -0.40 N
-0.60
(3,3) | (3,4) | (44) | (55) | (56) | (6,5) | (6,6) | (8,8) |(10,8) |(10,10)
—5SU | 0.37 | 0.29 | -0.03 | -0.03 | -0.02 | -0.04 | 0.01 | -0.13 | -0.45 | -0.25
——MSU| 0.36 | 0.24 | 0.11 | 0.09 | 0.10 | 0.05 | -0.01 | -0.14 | -0.22 | -0.25
———[SU | 0.21 | 0.28 | 0.31 | 0.19 | 0.08 | 0.18 | 0.13 | 0.14 | 0.10 | 0.16
B4l 3
B 425 = R RaOP R LEERR > Tl s s o P RBRLT AT
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-~ 1.00 —
v 0.00
g (33) | (3,4) | (44) | (55) | (56) | (65) | (66) | (88) | (10,8) |(10,10)
S=—sSsU | 023 | 0.06 | 025 | 079 | 092 | 1.04 | 1.26 | 2.80 | 433 | 4.63
——MSU| 0.26 | 0.08 | 0.16 | 0.78 | 1.03 | 1.09 | 1.27 | 2.87 | 4.12 | 5.14
e—[SU | 0.21 | 0.16 | 0.19 | 0.83 | 092 | 096 | 1.34 | 2.98 | 471 | 4.88
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