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This research deals with a scheduling problem for two-stage flow line, where each stage of the line consists of
non-identical parallel machines. We first present a mixed integer linear programming formulation for the
problem, and using this formulation, we can easily find the optimal solutions for small-sized problems with any
commercial optimization software. However, since the problem is NP-hard and the size of a real problem is large
in general, two genetic algorithm based heuristics are proposed to solve the practical big-size problems in a
reasonable computational time. And then, to assess the performances of the algorithms, we conduct some
computational experiment, from which we found both the heuristic algorithms show very good performances.
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Table 1. Optimal Schedule Table
Tob u machine assigned start time finish time machine assigned start time finish time
© i (stage 1) (stage 1) (stage 1) (stage 2) (stage 2) (stage 2)
1 0 2 3 9 1 9 12
2 0 3 5 11 1 12 19
3 0 3 11 19 1 19 24
4 0 3 0 5 2 10 15
5 4 2 9 15 2 15 20
6 12 1 15 20 2 20 24
{ | : { > time
S 15 J6 20
1 A | |
stage 3 Jl 9 J5 15
1 2 g | |
J4 S J2 11 J3 19
3 | | ]
7 9 Jl 12 J2 19 J3 24
stage 1 A | | [ |
2 10 J4 15 J5 20 J6 24
2 I I | |

Figure 1. Optimal Schedule in Gantt Chart
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Table 2. Results of Small Problems

n | m 2 3

ASS | SEQ | time | ASS | SEQ | time
mean | 1.02 | 1.02 | 94 | 1.01 | 1.00 | 6.0
2 | min | 1.00 | 1.00 2 1.00 | 1.00 3

max | 1.04 | 1.04 14 1.04 | 1.00 11

> mean | 1.00 | 1.00 | 11.8 | 1.06 | 1.01 1.2
3 | min | 1.00 | 1.00 2 1.00 | 1.00 1
max | 1.00 | 1.00 | 24 1.16 | 1.05 2
mean | 1.05 | 1.05 | 158.8 | 1.05 | 1.04 | 113.4
2 | min | 1.00 | 1.03 16 1.00 | 1.00 | 36
6 max | 1.07 | 1.07 | 345 | 1.11 | 1.07 | 388

mean | 1.00 | 1.02 |1286.8| 1.06 | 1.03 | 51.6
3 | mn | 1.00 | 1.00 | 282 | 1.00 | 1.00 2
max | 1.00 | 1.04 - 1.18 | 1.09 | 172

ASS : result of ASSIGN FIRST algorithm
SEQ : result of SEQUENCE _FIRST algorithm

A WA BA1 2] A E A I= <Table 2>l A= o] it A
AR g utet 2ol o] GAloN A =870 (n, my, m,) 23Ol T3l
1S sttt 41 2 23l tisf 5719 2AE o=
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25 = 1.04, 26/25 = 1.04, 27/27 = 1.00, 24/24 = 1.00, 26/26 =
1.00 5©] #r}.
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o FE3t ot
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22 A £l 3l SEQUENCE FIRSTS} H A& v n gk
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ojt}, 3 x9| o} &S KW (n, m,, my) = (6, 3,2)%! A5
o= AlLFAIZEY Huighe] 7155 A] e, ol A A H

FEA
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L
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S
o
=

o

d
ftl
N
off
o
poy
o
i

SO 2 T WA ©A 2] A A= <Table 3> B3t
t}. o] Aol A= FE2| FE 10,20, 30 oA sh= sl
A B B JA 0] =2, 3,4 F FUE 3= F 277(n,
my, m,) 2F FAE BE3A oA F RO Aol tha)
A& LINGO A 2HlS 53 HZ 35 AL 20 AIRE el 7
g7l glonz B AT A A 2714 FEle YT
Y0 2 o2 713 v SEQUENCE _FIRST 7|6 & 118]&2]
A3NF SBAITHZ ASSIGN FIRST 716 Sug]&e] Az
W @ ol AT mekA Eol YeRd Fhol 15t
A SEQUENCE _FIRST ¥118]&2| A7} ASSIGN FIRST
AP EHT ABZ ASSIGN FIRST L118]Z0] $-53ith=
Ag ofmjstal, w2 Azgho] 180 20 SEQUENCE
FIRST ¥112]E0] $-stthe Z& ofr]gitt.

E3 o] Foll& A AF T AAH HAs o4l AR
30822 A3 LINGO Al 2H 9] § & e &9 89}
Hl w3k AE A AT 27709 ZF 2§l A A E 57)2]
EA Z A AR A ol thaf LINGO Al 28l 2] Aso} & FAY
VEEY A3 6 UL 2 B wd Aolt) o 2 S0, o] F9
AR AL (n, my, m,)=(10,2,2)2) -0l thaF AF2ZA EA]
H %5 1.01/0.94/1.08 7} 0.98-2 Th-} 722 Zd 2ol] o} s 5.

Table 3. Results of Large Problems

my
n | my

2 3 4

) 1.01/0.94/1.08 | 1.00/0.98/1.02{0.99/0.97/1.02
mean/ 0.98 0.95 0.96

01 3 min/ |1.02/1.00/1.06|0.97/0.95/1.00{0.96/0.89/1.00
max opt 1.00 0.97 0.97

4 in 30min |1.02/0.98/1.08|0.97/0.91/1.03{0.99/0.93/1.04
1.00 1.00 1.03

) 1.06/1.03/1.10{1.02/1.00/1.06|1.01/0.99/1.03
mean/ 0.75 0.80 0.85

20 | 3 min/ [1.03/1.01/1.07|1.05/0.98/1.10{1.00/0.98/1.02
max opt 0.84 0.76 0.77

4 in 30min |1.01/0.99/1.04|1.02/0.98/1.08|1.01/0.96/1.07
0.79 0.72 0.63

) 1.09/1.06/1.14]1.05/1.04/1.07|1.01/0.99/1.04
mean/ 0.43 0.70 0.84

30| 3 min/ [1.04/1.01/1.07|1.07/1.01/1.11|1.06/1.01/1.10
max opt 0.63 0.68 0.68

4 in 30min |1.04/1.02/1.05|1.04/1.01/1.07|1.03/0.98/1.07
0.74 0.74 0.51
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