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Flow Shop Scheduling by Simulated Annealing®

Hisao IsmBucur™, Ryoji Tamura** and Hideo Tanaka™*

In this paper, we apply the simulated annealing algorithm to the flow shop
scheduling problem with an objective of minimizing the makespan and show its power
as an approximate algorithm by the numerical experiment on randomly generated test
problems. In the numerical experiment, we compare the simulated annealing algorithm
with the other approximate algorithms including the RAES algorithm proposed by
Dannenbring, its slightly modified algorithm, a random search algorithm and a local
search algorithm. We also show that the performance of the simulated annealing
algorithm depends on the choice of a neighborhood structure.
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4.3 E{EEE LS SA EOMEEE ORR

EEHEDEV S & SA BEOMREE DRGRERH~N S
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Table 1 Average relative makespan obtained by simulated
annealing algorithms with different neighborhood

structures
No. of Average relative makespan
Method | iterations
(N) 20—job 40—job 60—job
) problem problem problem

RSS 50,000 100.00 100.00 100.00
SA—S, 1,000 103.98 103.96 102.72
SA-S, 1,000 96.71 94.66 95.36
SA—S; 1,000 97.67 96.22 96.19
SA—S, 5,000 99.08 101.09 99.83
SA—S, 5,000 95.08 93.08 93.64
SA—S;, 5,000 95.20 94.18 94.35
SA—S, 10,000 97.91 98.70 99.28
SA-S, 10,000 95.03 92.86 93.74
SA—S, 10,000 94.72 93.15 93.74
SA—S, 20,000 97.23 96.95 96.73
SA-S,; 20,000 94.19 92.46 93.10
SA—S; 20,000 94.40 92.93 93.32
SA—S; 50,000 96.86 94.62 94.63
SA—S,; 50,000 94.06 . 92.07 92.7T
SA—S, 50,000 94.04 92.54 93.19
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Table 2 Average relative makespan obtained by simulated
annealing algorithms and local search algorithms

—
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3 [0 RAES-S,
- B RAES-S,
I O SA-S,

100 0

LS—S, 99.03 99.83 99.77 L )
SA-S, 96.86 94.62 94.63 | O
LS—S, 94.96 93.73 94.53 : Om
SA-S, 94.06 92.07 92.77 i O
- 95 1~ O

Average relative makespan

Method

20—job 40—job 60—job
problem problem problem

relative makespan

(@]

(@) BFERICB VTS, EHEHE S, 2H0 51350 -
ERHE S, AHV B LD bRVEAE SN, ,
4.5 RAESEEDHE 1) S FTH1 SR PTH! IR P
C T, RAES-S, %45 X0 RAES-S, # & SA— 10° 10° 10* 10°
Sy ik E DHBATE S, RHFEROBE & Rk, number of computations
RAES-S, EB LU RAES-S, HEOEROREL | Fig. 3 The average relative makespan of 20-job problems
T, AOEREERE f (x) OFHERIEAEEZ 5T LT 5.
RAES-S, %8 & U RAES-S, 2 W\ T, 4.1 C%
TE Lt 30 BRI 72 & X ORMTERER £ (x) Dt
HOl$%, Table 3 & Table 412779, ¥/, RAES—
S #, RAES-S, #:5 L USA-S, Hic B 21 EEEK
E AR IR AL BRI R O S & O BEf% % Fig. 3~Fig. 5 o
IC/RY. 4B, Fig. 3~Fig.5icHBWVT, SA-S, D&t
BRBE T VT XLDBOKERLEN ThD, RAES- L

S, #: 8 LU RAES-S, kD BRI, “IFEER 95 - o
[0 OHAEHOFTH 5. I ° g m
Fig. 3~Fig. 5 0>5, WD 515C Ehibin . I o 4
(1) RAES-S, BT &k, FEWICDIS O ERR T -
EIFISREDSIE DT B, 90 Lt bial bl

- 10? 10 10* 10°
(2) RAES-S, itk b, RAES-S;, B: & D b BUWEHS number of computations

Fig. 4 The average relative makespan of 40-job problems

—
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w

- 0 RAES-S,
M RAES-S,
O SA-S,

,_.

=)

S
I

relative makespan
T

Table 3 The number of computations of makespan in the
process of RAES—S, algorithm '

- 105
@
= RAES-S
Problem The number of computations ‘2 L = 1
size o B RAES-S,
Average | Minimum | Maximum § : O SA-S,
20—job 139.7 20 248 B 100 oo
40—job 387.1 118 703 s i
60—job 714.9 296 1,417 O
- | -
Table 4 The number of computations of makespan in the i Do
process of RAES—S, algorithm 9% - o]
L o o
|- IJ -
Problem The number of computations ©
size i
Average | Minimum | Maximum B
90 1 1 ]llllll 1 1 lllllll 1 1 |IIIII
20—job 1,388 571 2,851 10° 108 10t 10°
ég:jgg lg, ggi :73(1)3 éi’ggi number of computations

Fig. 5 The average relative makespan of 60-job problems
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