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An Endosymbiotic Evolutionary Algorithm for Balancing and
Sequencing in Mixed-Model Two-Sided Assembly Lines

Jun Young Jo** - Yeo Keun Kim**

m Abstract =

This paper presents an endosymbiotic evolutionary algorithm (EEA) to solve both problems of line balancing and
model sequencing in a mixed-model two-sided assembly line (MMtAL) simultaneously. It is important to have a proper
balancing and model sequencing for an efficient operation of MMtAL. EEA imitates the natural evolution process of
endosymbionts, which is an extension of existing symbiotic evolutionary algorithms. It provides a proper balance be-
tween parallel search with the separated individuals representing partial solutions and integrated search with endo-
symbionts representing entire solutions. The strategy of localized coevolution and the concept of steady-state genetic
algorithms are used to improve the search efficiency. The experimental results reveal that EEA is better than two
compared symbiotic evolutionary algorithms as well as a traditional genetic algorithm in solution quality.

Keyword : Two-Sided Assembly Line, Mixed Models, Balancing and Sequencing Problem,
Endosymbiotic Evolutionary Algorithm. Endosymbionts
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P24 1 24 3 3 321
P24 2 24 3 3 532
P24.3 24 3 3 235
P65_1 65 4 6 12910
P65_2 65 4 6 8753
P65_3 65 4 6 5656
P65_4 65 5 6 123910
P65_5 65 5 6 87532
P65_6 65 5 6 55646
P65_7 65 5 8 123910
P65_8 65 5 8 87532
P65.9 65 5 8 55646
P205.1 205 4 8 12910
P205.2 205 4 8 8753
P205.3 205 4 8 5656
P205.4 205 5 8 123910
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P205.7 205 5 10 123910
P205.8 205 5 10 87532
P205.9 205 5 10 56564
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52 25 - o
(E 2) EEASH H|I 212[&Ee| M5 Hlw
Best Mean Improvement rate
problem
GA SPA SNA EEA GA SPA SNA EEA R1 R2 R3
P24 1 14.7 115 115 115 196 194 16.2 159 1.0 154 19
P24 2 263 24.5 165 165 305 29.0 252 25.0 49 13.1 0.8
P24 3 19.0 183 188 186 23.0 22.3 21.0 20.1 3.0 58 47
P65_1 1657 1042 867 341 2044 1477 1185 1159 207 19.7 2.2
P65_2 1618 1048 982 85 2042 134 1248 1154 33.6 78 75
P65_3 1575 903 85 798 1769 1360 1151 1102 231 15.3 4.3
P65 4 2640 935 1000 93 3563 1865 1510 1469 476 19.0 2.7
P65.5 2836 1601 1466 1427 3324 1986 1908 1835 40.2 39 12
P65_6 3415 1581 1514 1504 4017 2020 1936 1835 497 4.1 2.6
Pe5_7 4093 2084 1981 1962 4880 2197 2391 2320 42.6 145 3.0
P65_8 3773 2129 2060 2051 4235 2701 2399 2329 36.2 11.1 29
P65.9 4148 1949 1890 1879 4900 2719 2366 2326 44.5 12.9 1.7
P205_1 13416 629 5814 5299 16529 9239 7374 6930 4.1 20.1 6.0
P205_2 13866 6640 5833 5867 16893 9994 6916 6762 40.8 30.7 2.2
P205_3 13730 5408 5329 5118 16673 8937 6583 6425 46.3 26.2 2.5
P205_4 16110 882 6240 6171 18667 11327 8309 8177 39.2 26.6 16
P205.5 13771 9045 7153 6815 18449 11236 8% 8345 39.0 20.8 6.2
P205_6 177114 7637 6789 6520 1948 11487 8238 8156 41.0 282 1.0
P205_7 11290 5691 5275 48A4 16436 810 7328 7222 482 138 15
P205.8 13701 6986 6126 5566 17868 9487 7879 759 469 16.9 36
P205.9 12870 7415 5938 5217 18294 10065 8220 7539 449 18.3 8.3
7 FHFAE FAl Fagtl. EEAY olzgt 4 Al Argk EEAZE BE e e A4de =
SE AR S BUAY duele] 2 8 ol Hl /19T AL ut 2elw
BT sg A AN ALeT ARl FARS SueFe] ¥ W], g
FoRg dagFe] 2 weE FEds 44 OI ol s} WFAze] EAl FoE JFS T 9
2371 Ao A v RE Zlo® Bl =5 ¢ 5 Uk
E4, SNASF SPAE Hlwste] Bl o]E F & <E 2 7 AgEAe gk v AgdelA] de
irﬂ%gl vl SRS dare]Fe A o2 X3} M 2 e REHAA(sA)E B T Q)
o] B3 Alfshes Aotk <& 2>°1W W& EEAE & v dagdel g5 Az} vrol &
R2ZFH o]% Aa7h sl BAEES HAFS  melFe] AAYS &+ Atk theE SNA,
% 5 gle ol ol AFIh BT S SPA wo® ebgAle] Wolzlw, GAZH 44 U
FA 271 FEE BA8L, A i(niche)E B th 53] &AM GAE 3¢ WsZo] Zith
ke Aol gl Hl 7IQlIgeH1l ol gk ] S vlaws) BAak [
AR SPAE GART £ 458 2 ol& 4 9]+ P65 8% P05 5&Aol A A AAL Aol
EREIL & BACA FESE 95tE AR w2 7Y £2 8o §AS HolFEr o] 1dolA
daglsoe] ¢AEE 293 e} s EEAY FEEEE U8 daglFol vl w2o)
Hop g E o] o $EE gt A, A EEA® zigte] 27] dAE AUd o Aluda
€ Rl, R2, R3Z4-E EEAQ] A5o] ty EAlolA gEryg g £ 35 ATFgS & F Lk g
o Fob A APl 98 & 5 Urk olE Wl Y AYRAGNAE v%F A%E wvh 2O



(E 3) EEASt Hlm ¥2|E2| sio| EHA

s.d. s.d.

problem ————  problem
GA SPA SNA EEA GA SPA SNA EEA

P241 21 30 18 18 P205_.1 19821920 775 662
P24 2 31 31 38 36 P205.2 2336 1615 757 594
P243 21 23 15 14 P205.3 1356 1425 745 566
P65 1 183 341 194 173 P2054 1590 1287 1214 1089
P65 2 249 150 168 156 P205.5 24751158 904 882
P65.3 126 301 164 140 P2056 1614 1484 859 815
P65 4 362 424 257 241 P205_7 2997 1428 1108 1073
P65 5 243 228 193 181 P205_8 2934 1615 1168 1051
P65 6 226 274 18 168 P2059 3485 1990 1098 1037
P65 7 339 312 241 197

P65.8 164 255 196 177

P65 9 328 413 191 174

2, AFE AL LATE GAYY 7P Ha, g2
2 EEA, SPA, SNA<o|th. GA, EEA, SPA,
SNAE 657 24 EAA 22 Hit 6%, 78%,
124%, 12629 AXtAIZro] 8751, 2067 2+
FANAME 4 Ht 294%, 376%, 450%, 5223 0]
225Utk EEAT o5 A%d Wadzte] 13t
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