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A Genetic Algorithm for Two-sided Assembly Line Balancing

Yeo Keun Kim -

Yong Ju Kim * Jun Hyuk Kim - Jai Seung Kwak

Two-sided (left- and right-sided) assembly lines in practice can provide several
advantages over one-sided lines in terms of the required line length, throughput
time, cost of tools and fixtures, and so on. This paper considers two-sided assembly
line balancing with the objective of minimizing line length. The balancing problem
is more complicated than that of one-sided lines due to sequence-dependency of
tasks assigned to a pair of directly facing workstations. This paper shows how
genetic algorithm can be used to solve two-sided assembly line balancing. For this,
an encoding and a decoding method suitable to the problem are presented. Proper
genetic operators and an evalutation function are also employed. Extensive
computational experiments are cacried out to show the efficacy of the proposed
algorithm, The results show that the algorithm 1s viable and promising in solution

quality and computation time.
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204 1407 000 130 0.00 7.1 13 955 119
21 1307 000 120 0.00 7.7 12 1498 239
238 120° 000 110 0.00 8.3 11 1147 473
255 1.0° 000 110 0.00 0.0 11 1L16  0.02
2 1037 046 100 0.00 29 10 1465 002
289 100 000 90 0.00 10.0 9 1007 1202
306 99" 048 90 0.00 9.1 9 1068  0.02
323 90" 0.00 8.2 0.36 89 8 1514 3.29
A205 944 1507 000 139 0.30 7.3 13 1240 2849
1038 141% 036 120 0.00 149 12 1339 619
1133 120° 000 112 0.36 6.7 1 1417 121
1227 120" 000 104 048 13.3 10 901 038
1322 110" 000 100 0.00 9.1 10 1478 121
1416 109" 036 90 0.00 174 9 1673 0.02
1510 1067  0.00 8.6 0.49 14.0 8 19.27  1289.07
1605 95”049 80 0.00 15.8 8 727 003
1699 90”000 7.9 0.30 122 8 820 171
1794 85" 040 7.0 0.00 17.7 7 1962 002
1888 80° 0.0 7.0 0.00 125 7 1820 002
1982 80 000 69 0.22 13.8 7 1209 170

% MAX-DUR, * MAX-TFOL, * MAX-IFOL, " MAX-RPW

MAX-DUR 73o) X 53 Hdj APA7HE 72hs A
Ao FYgE Ay

oA o)F T 1A ko] Agelais} 2o] 208 it
B3l 2 HFg AMEE o 9] AYgAd A9 13
ol 20008 ¥HE3le] 1 Fol N HHHE 3T, o|F 10
3 wbEste 23 FAHE0) BEY BEUAE 739
th ANE FHYREE o9 A7 Y9 =4

< AH83k7] SsiA, Add ARS7) 200078008 fHE
T2)EE FTEIFAUL 94 103 DEI}A 7 BEA T
§ HUHE HEH} BEBAE A
48297} <E 4> ANAUT ANE FAEL
FneFe 45 $v FAFLE Hol7] At %7}
T 3339 F8x 58 ST
AY 23, 99 Heo] MAX-DURSH MAX-TFOLET T



ol zgjzil WAAE A8 44 g2E

Fo a2 FHY. ol 0059 BB Y F 14 2

& dg dot A 292 BaY. A% FuFe

2 22009 49 99 WAFHRG Aol P $
2 nyth

-i‘r

iR
ru

AQuES o451 AURET H:

€ %9 2 BEYEAS BEI:
& A8 1A Fd 2HALY BAL BHSAL
%"ﬂ%_ﬂﬂf«l AHgol oA o zgeel BAYEA
7t 7t AR E Ad2agA vehd + 3le @R 1
o ©2 A FPPL AR 2P E B71e7] 4
3 e, A, 282 AR AT ANAAT o
g AYEAE AR ¢neEd A5 Ve BHE 2
3}, A FAL T Fo| 7189 FFFYE BE HE
A FANA e & AT

TolMe
’ﬂuﬁi 8

Moo cf
| o

2
_‘Q.

ZEH

n},‘..

—

. Bartholdi, J. J., “Balancing two-sided assembly lines: a case
study,” Imernational Journal of Production Research, Vol. 31,
No. 10, pp. 2447-2461 1993,

2 olE|%, 2942, “dm zwael BANS 9% TRHY”

2FESE Vol. 10, No. 2, pp. 2940, 1997.

3. A4, o6l g, A3, “EAFAYE o188 FH 2
J WHA HFIYFSHA AA Y 1998,

4 Holland, J. H., Adagptation In Natural And Artificial Systems,
Univ. of Michigan Press, Ann Arbor, 1975.

5. Homuaifar, A., Guan, S, and Liepins, G. E., “A new approach
on the traveling salesman problem by genetic algorithms,”
Proc. 5th Int. Conf Gematic Algorithnu, pp. 460-466, 1993.

6. Fox, B. R. and McMahon, M. B., Genetic Operators for Sequ-
encing Problems, In Foundations of Genetic Algorithms (Edited
by G. ]J. E. Rawlins), pp. 284-300. Kauffinann, 1991.

7. A4, £84, 48 FA, e FELE FATHA
1997,

8. Goldberg, D. E., Genetic Algorithms in Seavch, Gptimizaison and
Machine Learning, Addison-Wesley, New York, 1989,

9. Michalewicz, Z., Genetic Algorithms + Data Structures = Fvolu-

10.

11

12.

13,

14.

15.

16.

i7.

18.

19.

20.

2

—

22,

23

141

tion Programs, 2nd. Extend Edition, Springer-Verlag, Berlin,
1994.

Anderson, E. J. and Ferris, M. C., “Genetic algorithms for
combinatorial optimization: the assembly line balancing
problem,” ORSA J. Computing, Vol. 6, pp. 161-173, 1994.
Lew, Y. Y., Matheson, L. A. and Rees, L. P., “Assembly linc
balancing using genetic algorithms with heuristic-generated
initial populations and muitiple evaluation criteria,” Decrsron
Science, Vol. 25, pp. 581-606, 1994.

Kim, Y. J., Kim, Y. K and Che, Y., “A heuristic-based ge-
netic algorithms for workload smoothing in assembly lines,”
Computers & Operations Research, Vol. 25, No. 2, pp. 99-111,
1998.

Jones, D. R and Beltramo, M. A., “Solving partitioning prob-
lems with genetic algorithms,” Proc. 42h Int, Conf. Gemetic Al-
govithms, pp. 442449, Motgan Kauffmaon, 1991.
Goldberg, D. E., Bradley, K. and Kalyanmoy, D., “Messy
genetic algorithms : motivation, analysis and first results,”
Complex Systems, Vol. 3, pp. 493-530, 1989.

Starkwether, T., McDaniel, 8., Mathias, K., Whitley, C. and
Whitely, D., “A comparison of genetic sequencing operators,”
Proc. of the 4th Int. Conf. on Genatic Algorithms, Morgan Kauff-
mapn Publishers, Los Altos, CA, pp. 69-76, 1991.

Kim, Y. K, Kim, Y. J. and Kim, Y., “Genetic algorithms
for assembly line balancing with vatious objectives,” Computers
& Industrial Engineering, Vol. 30, No. 3, pp. 397-409, 1996.
Moodie, C. L. and Young, H. H., A heuristic method of
assermnbly line balancing for assumptions of constant or var-
iable work element times,” Jowrmal of Industrial Engineering,
Vol. 16, No. 1, pp. 23-29, 1965.

Talbot, F. B., Pacterson, J. H. and Gehdein, W, V., “A
comparative evalnation of heuristic line balancing tech-
niques,” Management Science, Vol. 32, No. 4, pp. 430-454,
1986.

Tonge, F. M., A Henristic Program for Assembly Line Balancing,
Prenrice-Hail Englewood Cliffs, NJ, 1961,

Helgeson, W. B. and Bitnie, D. P., “Assernbly line balancing
using the ranked positional weight technique,” Journal of
Industrial Engineering, Vol. 12, No. 6, pp. 394-398, 1961.

e 9 59, JFEFY *‘J"‘W%ﬁ"a‘f’ﬂ B¢ A7 <l

Aok AHFR FYE) A, 1990,

Master, A. A., “An experimental investigation and compara-
tive evaluarion of production line balancing techniques,”
Management Science, Vol. 16, pp. 728-746, 1970.

Johnson, R V., “Assembly line halancing algorithems :
computation compatisons,” International Journal of Production
Research, Vol. 19, pp. 227-287, 1981.



92 - 245 - AEY - A

il

MENER GrK1976), HrK1979) B HhA}

1986 E9E HASHA

A A HdFey v

FAROF: Evolurionary Algorithms, Tabu Search,
Simulared Aonedling®] 0)E% 8, 2%
HA, TEANAY, ZHAA 2R 9

A =i ) =
AA 2 39 5

2%

dgdista dAdFgaelA kg &

g A5

4 gt 44FeT Ay

4ok Combnatotial Optimization, Evolu-
tionary Algorithms 5

e

Fethstaels gAl1986), AxK1989), B

R CEEEC s

A (PSR RIE AR A B4
o 43 At

Tk Genetic Algorithm, Line Balancing,
Scheduling 3! ERP &

v b

Atz AedFeael s ki) 2

HAK1993) &9l A58

A AdiEn A3 vy

FAJEoF : Evolutionary Algorithms, Combina-
torial Optimization, ATY 2244 £ 4%

245



