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ABSTRACT
Mixed-Model Parallel U-shaped assembly line balancing problem under many-Objectives is known
as NP-hard problems. Hence, to optimize this problem, heuristic approaches need to be developed.
This research proposes a decode method and a Multi-Objective Evolutionary Algorithm Based on
Decomposition (MOEA/D) for solving the problem by optimizing four objectives simultaneously, i.e.

minimize the number of workstations, minimize the number of stations, minimize different workload
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between workstations, and minimize work unrelatedness. The experiment results show that MOEA/D

has better performance than BBO in terms of convergence. However, its spread and CPU time indicators

are not better than BBO.

Keyword: Parallel U-shaped assembly line, line balancing, many objective optimization problem, multi-

objective evolutionary algorithm based on decomposition.
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whwiin (P) x ﬁwuaui’mqﬂizmﬁﬁy’wm (0) Fam319
2 oY% A, =1VpEP UAE A, >0
WSRAIN {O/H,.../HH/H} 9218 (0/2,1/2,2/2} faifu

Agaivtinazdule Ao 0, 0.5 waxl

A5 2 v A, Tuusasigadnaiainn

Ap Ap1 Ap2 Aps Apa
1 0 1 0 0
2 1 0 0 0
3 0 0.5 0.5 0
4 0.5 0 0.5 0
5 0 0 0.5 0.5
6 0.5 0.5 0 0
7 0 0.5 0 0.5
8 0.5 0 0 0.5
9 0 0 0 1
10 0 0 1 0
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1. thanflaiduingUssasdinunisusidalaud
UYBIWIANTIAMBUTUGN wazanSeAmauiagluign

o

Ansdmiln 4, ﬁﬁwé’qﬁmimQmﬁuﬁwmaﬁmuﬂ

@

vosusas Tnquszasdlulenddrsimdn A, fif&s
WA

2. AT UNUTAN g(x|Ap, 2*) V09ERI
Fnpuiugn 1 2 ands uazandsdnoufiegluiman

gamin A, Afdeiiansan

A543 AnSeARRUISHAUYDLYRAIR U TN NAnSaun AN TuingUssasd

Ap | String Task priority 24 Tasks il fa fs fa
A 1 [15895241814207 641111316 172321 10 122 3 22 19] 9 | 6 | 0042 | 0357
A 2 (2322241898 1511916 12417357 10 14 21 2 13 20 11 6] 10 | 4 | 0047 | 0412
A3 3 [1914422212015103 131245692372 1218 11 17 8 16] 9 | 7 {0016 | 05
A4 4 [1918221224151147 1122116913817 106 3 20 5 4 23] 10| 6 | 0094 | 0412
s 5 [1810162011272217 12413521 233824 14 19 9 15 16] 10 | 4 | 0056 | 0474
X6 6 [895102222013211824156 141711916 127233 11 4] 10 | 5 | 0.061 | 0545
A 7 [9118247211543582222023 1116 14 12 19 6 10 17 13] 10| 7 |0082 | 0375
g 8 (2210931915821 1422074121317 186 23 1 11 16 5 24] 10| 6 | 0079 | 0375
2o 9 (152122316 922114122452017 713188 110 19 14 3 6] 10 | 5 | 0059 | 0444
Ao | 10 [11174321122013159192352422276 116 10 8 18 14] 9 | 7 | 0029 | 0.400
3374 ardeimeunguUszannseasiifdsiiansandmiumsianndiney
ﬂ.p g Task priority
AL | A2 | A3 | A4 | A5 | A6 | AT | A8 | A9 |AL0[A11|A12| B1 [ B2 | B3 | B4 | B5 | B6 | B7 | B8 | B9 |B10|B11|B12
vt |5 e o] s |||l 7]6|alu|t|B]w|7]|Blalw|2]2]|3]2]1n
30 3 jwofw|el2|ajolns|o]3 3] 1]a|ls5]|6|9|n]7|2]2||1]|17|s]1
o | o (19| 2i2|als|1|e|7|w]|2|alwe]o|3]|s|7|w0]6|3]|0]5]|a]|2
6| 6 8|95 tw0]|2|2|o||lajwla|ls|e|w|17]1|19]6]12|7]|25|3]|11]4
Tl ol lalis|al3]|s5|8|2|2|n|n|1ulw|w]2l19]6]w0]17]13
3. fansanilaidumudianilludedl 2 ves  fndidedneutufesddtesnimieieurin anu
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M5 5 MINNTUAMDUNANER

P String g (x| Ap, z*) Selection
1 1 0.667

1 | Offspring 1 0 (doanin) Good
1 | Offspring 2 1 (Wnni) Bad

ANT199 6 Msunuianssimeuiugn adluandtnsmin (A,)

Ap | String Api Task priority 24 Tasks {fi, 2 f5r fa}
A, | Offsp. 1 [0100] [191442221201013218241569171816127233115] {9, 4, 0.06, 0.55}
A3 3 [005050] | [19144222120151031312456923721218 11178 16] {9, 7, 0.016, 0.5}
A4 a4 [050050] | [1918221224151147 1122116913817 10632054 23] | {10, 6, 0.094, 0.412}
A 6 [050500] | [89510222201321182415614 1711916127233 114] | {10, 5, 0.061, 0.545}
A7 7 [005005] [ [911824721154358222202311161412196 1017 13] | {10, 7, 0.082, 0.375}

Ui 10 YINNTAUEONYATINALIVBUIAAIEN
miin A, Aifdsiansavihduinuiimun way
nsiSeuliteua1inguszasAvesiIneuIugniia
Aulwatrafssiiduunlaanisma i dumudiml

A o a ' ° = ~ i v
wilaufutunoui 9 uivzinsisuiisualagly

Y Y a1

waAddminvetgnt1ufssiguls d1andnen

v
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Fraufe ety Tiinsunuiianseminounazan
InquszasdlumntnaAssiigule
Tudl 11 vimsUSuUssAniigauagiios fign

Tunsasianduingussasdvasuseans 61 p < P
fmun p = p + 1 udlinduluvienluduneud 4
wid p = P 1 luiluduneud 12 de

Fuit 12 tharssfaeurmunvesssanslule

weistudagtiu Tuiludssmnaiuduluaiue

Hudaly 81 G < Genaretion Tifvun G =

G+1,p=1 waznduluvsnludunoud 4 us

81 G = Genaretion 1% TUylududl 13 sio
Fud 13 YransadmounanuavesUszansiue

Walstugavne A uNRNaAlagNSAUAA

ANUTIuse (Fitness Assignment) #2835 Non-

dominated Sorting ANUAST 7

M15197 7 ANTAINUAAIAININLT LT (Fitness

Assignment) ¢n&35 Non-Dominated Sorting

Objective Dummy
String
filfz fs fa Fitness
Offsp. 1.1 | 9 | 4 | 0.060 | 0.550 3
Offsp.2.2 | 9 | 5| 0.040 | 0.250 1
Offsp.3.1 | 9 | 4 | 0.015 | 0.438 1
Offsp. 4.1 | 9 | 4 | 0.056 | 0.400 2
Offsp. 5.1 | 9 | 4 | 0.061 | 0.400 3
Offsp. 6.1 | 9 | 4 | 0.035 | 0.400 1
Offsp.3.1 | 9 | 4 | 0.015 | 0.438 1
Offsp. 2.2 | 9 | 5| 0.040 | 0.250 1
Offsp. 9.1 | 10 | 4 | 0.072 | 0.286 1
Offsp. 10.2 | 10 | 4 | 0.062 | 0.333 1
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ansad 8 Jaymildlunisneaes
Linel Line2 -
No. ° 3 ! ° g ! seummanan Generation
- m:u'm amqaﬂqu - m«:nu amqaju Gui)
3u NSWAR Ju NSHAR

P1 Michell_21 3 2:1:2 Jackson_11 2 31 30, 36, 42 500

P2 | Warnecke 58 2 2:1 Wee-mag_75 3 1:1:1 100, 120, 144 1,500

P3 Scholl_297 3 3:1:2 Arcus2 111 2 1:1 5400, 6480, 7776 2,000

P4 Arcusl_83 3 2:2:1 Arcus2 111 2 1:1 9200, 11040, 13248 2,000
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WU Full Factorial Design 3147u 2 Replicate Wie v
wiladnduenivilvsanesfivansadumainauly

urazdymlaegradiusyansnin

A15197 9 WI51TLMBSVRITANDIY

MOEA/D

Population size 120

Neighborhood P1-P4: 9

%Replace neighbor P1-P4: 0.3

BBO

Population size 120

Migration method: Sinusoidal

Mutation method: Reciprocal exchange
Mutation probability: P1-P4: 0.1
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wiaaunntdeswitla (@ndilng 0897) 2) ans
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1nd 0 uansinguatmeuiiufinisnszaredaogng
athiase uaz3) dnsndruvesdnouilignaseuiy
\isuiundudneufidanesfiumle (Ratio of Non-
Dominated Solution 1: Rypsy) tud1uaninly
fneuiimldanuaidudineuiiogludinoud
wanzauigniiuiasdndusnsdiuminlade oy

'
[ ° =

Auatmauniule wazluauided lawiudn 2

v
v Ao A

fTIn Ao 1) é’mwﬁau%nﬁwauﬁlﬁgﬂﬂiaui’wLﬁe’m
ﬁunzjmﬁwauﬁﬁﬁqm ﬁqﬂ (Ratio of Non-Dominated
Solution 2: Rypsp)3dlduansinlusimaudiniuils
ﬁu’wmLﬁuﬁmauﬁagjhﬁwmauﬁmmzauﬁqmﬁ

wnasafndudasrdruinlailaisuiudinouna

'
a a

ﬁqm (A109 Ryps; WA% Rypsy B0l 1 Baf)
waz2) anlunsAumAIReU [19]

5.3 Han1snnaed

wmm’iﬁaﬁlﬂumiwmaaqLLﬁ{]ﬁymﬁaaﬂNs’ha
TUsuNTU C++ Uszulanamuasuiimes Intel®
Core™ i7-6500U CPU@2.50GHz RAM 8.00 GB 1o
nansvnaesildwanslunnsed 10

Sruruanieu (N,) 71 MOEA/D mdaauwle
iy f5nudfisusiuagiindt BBO nndgm Wiuld
ndymaunaian P1 seunainsuan 30 wazdam
mumimy' P4 59UNAINITWAR 11040 TiAn N, V83
MOEA/D wouni1 BBO waztvinAual Optimal

uauanil (N;) MOEA/D @u1saAURIAINDU
Tadiiguwin BBO wiudsaiuuazaninlulagmauin
na19 P2 soUlan1snan 144 uazdymauinlng
P4 59ULIAINNTHER 9200 Aodidulruaniiiesnin
BBO @auans Whfiuesduin MOEA/D Taussauwi

[ '

aud1aiini1 BBO Tunsuilgymvuialug et

3.

Adatauiluddguilaias? BBO @1u150AUNY

AmouTil N, waz Ny Aini1 MOEA/D

MFANFIAINTTUANERNS UM IV FUASUASUNTI ISR

UM 13 20U 1 HoUNNTIAL — LWI8U N.A. 2561

Tusudiinaussousvesdanasnuinoidunis

WSsuiisuaussauglunsmamnousening MOEA/D

a

#u BBO lfud¥nd esduiiu An Convergence U914
MOEA/D fa1tiosnan wazidnlng 0 wuga1udn
nauAnouiilsann MOEA/D TndiAssiungumeud
wanzaufigndiuviaiennnii BBO

fin Spread waeiie MOEA/D waw BBO lifimay
uaneefuann wazanddliiinlng o Ssusiinguen
noudainsnszanedliniaualiaihiaveunwe

91 Ryps; 114 MOEA/D Slenannnin BBO slu
Yggmvualng P3 wag P4 dawindu 1 wansinlu

AmaUNMU leaLAYes MOEA/D Wusinauiia

Y

TufneuNmMINZaNNgnNLYIas
WAAT Ryps, 989 MOEA/D daulngjtu daties
171 BBO warliidlng 1 wansinAimeuiuwiunle

Vianuaves MOEA/D tJudimeuiiegludineud

a

winzaufigaiiniasdndudnsdrmledisuiv

'
=

Fmeuiiffian desnindnsauyes BBO

dmsuduszoznanildlunsduiameney
(CPU Times) wurusiazsdanesiuldiiaunusiuly
muvuInuestyn wa MOEA/D ldszeziiailunig
AUMAINBULIUNTY Useanaudadinues BBO Tunn
ey

FyduFaannan aguléd MOEA/D tuflaussous
lun1sundymimsdnaunaaenisusenaunindo

HANWUUSNWUE AL VUIUNL

o

ARUTTAIATILIUNIN
And1 BBO Tumnuualamn widnagldvauidym

YIUNILAEAISNTENEMISnIwnANe wifnay

'
a

imlatuludneuiieglumneuiivunzauian

LNDIBNDUNINLUA

6. @gu
unanuiiauenisuidyminisinaunaane
N13UTENBUHAAAUINHANUUUSNYUEAIYIUIUN

npUszasddwundadussuuniswde iaunse



MIANFIFAINTTUANERNS UWNINYSBATUASUNTILSA

U7 13 20U 1 1HUNNTIAL — W18 N.A. 2561
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wamed lnedingUssasrlunisinaunanivun 4

Taguszasd laun vilvidduiuannauidesian

a

uuanldesian ANULANAIIYEINITEIY
sevinsaninuiidiosian wagvinliauduiug
vosowiilifsudostuneluandauiariesiign
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(Biogeography-based Optimization: BBO) Fadu
FaneTfuiiiuszavsamlunmsudtyminsinauna
a18n13Us¥N0U Wul1 MOEA/D Haussauzlunis
witlminds B8O Tunnuuwiadaym fdludusiuu
an1dery d1uruannid nsgiingngudinoud
wanzasfigauuunisin uazdmeuiivilfdudinou
flogludimeuiinunzauiigniiuiaiafousanun
widagldnawndymuiundy Jsagulain MOEA/D
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v

INA17 FINTTUIUNITAUNIAIMOULUIENANTAN

noUszasAne 4 lundeusiutazyinisiseuiiieu

fudane3iun1snsyeivesdiliinmugiiaans

M135797 10 wan1svnasstun1sundemifieeng

a1en1susenauUseinnillaegeduse@nsnin

Problem P1 P2 P3 P4

No. of Tasks 32 133 408 194
(Linel-Line2) (21-11) (58-75) (297-111) (83-111)

Cycle Time 30 l 36 ‘ 42 100 ‘ 120 ‘ 144 5400 ‘ 6480 ‘ 7776 9200 ‘ 11040 I 13248
Number of workstation (N,,)

Optimal 11 9 8 26 21 18 48 40 33 30 25 21
MOEA/D 11 10 8 26 22 18 49 40 34 31 25 21
BBO 12 10 8 26 22 18 49 40 34 31 26 21
Number of station (Ng)

MOEA/D 4 4 3 9 8 6 14 12 10 9 8 7
BBO 4 4 3 9 8 7 14 12 10 10 8 7
Convergence

MOEA/D 0.081 | 0.145 | 0.205 0.026 0.019 0.014 0.000 0.024 0.073 0.000 0.028 0.000
BBO 0.131 | 0.969 | 0.265 0.116 0.045 0.050 0.844 0.105 0.101 0.065 0.217 0.024
Spread

MOEA/D 0.534 | 0.879 | 0.802 0.869 0.802 0.924 0.990 0.973 0.936 1.018 0.797 0.893
BBO 0.582 | 0.778 | 0.832 0.754 0.643 0.792 1.065 0.755 0.981 1.155 0.946 0.894
Ryps1

MOEA/D 0.639 | 0.333 | 0.583 0.483 0.376 0.531 1.000 0.637 0.100 1.000 0.773 1.000
BBO 0.250 | 0.208 | 0.100 0.345 0.440 0.464 0.382 0.376 0.619 0.438 0.063 0.882
Rypsa

MOEA/D 0.923 | 0.400 | 0.857 0.286 0.211 0.299 0.160 0.221 0.061 0.533 0.944 0.211
BBO 0.077 | 0.600 | 0.143 0.714 0.789 0.701 0.840 0.779 0.939 0.467 0.056 0.789
CPU time (s)

MOEA/D 3790 | 36.25 | 31.73 | 524.47 | 533.78 | 485.12 | 1340.59 | 1354.20 | 1293.84 | 628.23 | 619.02 | 593.93
BBO 16.87 | 16.96 | 17.26 | 242.02 | 232.81 | 233.46 743.24 721.63 677.63 287.58 | 268.61 | 263.93




96

1.
(1]

LONE1981989

Y. Monden, Toyota production system: An
integrated approach to just-in-time, 4" ed.
Norcross, GA: Industrial Engg. and Mgmt. CRC
Press, 2011.

l. Kucukkoc and D. Z. Zhang, "Balancing of
parallel  U-shaped  assembly lines,"
Computers & OR, vol. 64, pp. 233-244, 2015.
iyt Tes1uiung, "nsdnaunaiivane
TguszasAuuaen1sUsenaunandusinay
WUV TUIU AIBBANDITINLUUAIINIZIIAIVO
daiTimauglienans, Inerdnusininssy
AERITUI TR, N1AIYIAINTIUREINNNS,
PANTUNTINGAE, 2556.

C. Becker and A. Scholl, "A survey on
problems and methods in generalized
assembly line balancing," Eur. J. Oper. Res.,
vol. 168, no. 3, pp. 694-715, 2006.

Q. Zhang and H. Li, "MOEA/D: A
multiobjective evolutionary algorithm based
on decomposition," IEEE  Trans. Evol.
Comput., vol. 11, no. 6, pp. 712-731, 2007.
R. Cheng et al.,, "A benchmark test suite for
evolutionary many-objective optimization,"
Complex Intell. Syst., vol. 3, no. 1, pp. 67-81,
March 01 2017.

D. Simon, "Biogeography-based optimization,"
IEEE Trans. Evol. Comput., vol. 12, no. 6, pp.
702-713, 2008.

J. L. C. Macaskill, "Production-Line balances
for mixed-Model Lines," Manage. Sci., vol. 19,
no. 4-part-1, pp. 423-434, 1972.

D. Sparling and J. Miltenburg, "The mixed-
model u-line balancing problem," Int. J.

Prod. Res., vol. 36, no. 2, pp. 485-501, 1998.

(10]

MFANFIAINTTUANERNS UM IV FUASUASUNTI ISR

UM 13 20U 1 HoUNNTIAL — LWI8U N.A. 2561

Y. K. Kim, Y. Kim, and Y. J. Kim, "Two-sided
assembly line balancing: A genetic algorithm
approach,” Prod. Plann. Contr., vol. 11, no. 1,
pp. 44-53, 2000.

P. M. Vilarinho and A. S. Simaria, "A two-stage
heuristic method for balancing mixed-model
assembly lines with parallel workstations,"
Int. J. Prod. Res., vol. 40, no. 6, pp. 1405-
1420, 2002.

T. O. Lee, Y. Kim, and Y. K. Kim, "Two-sided
assembly line balancing to maximize work
relatedness and slackness," Comput. Ind.
Eng., vol. 40, no. 3, pp. 273-292, 2001.

D. E. Goldberg and R. Lingle, "Alleles, lodi,
and the traveling salesman problem,"An
international  conference  on  genetic
algorithms and their applications, 1985, vol.
154, pp. 154-159:

Hillsdale, NJ.

Lawrence Erlbaum,

[14] R. K. Hwang, H. Katayama, and M. Gen, "U-

(16]

shaped assembly line balancing problem
with genetic algorithm," Int. J. of Prod. Res.,
vol. 46, no. 16, pp. 4637-4649, 2008.

H. Ma, "An analysis of the equilibrium of
migration models for biogeography-based
optimization," Inform. Sci., vol. 180, no. 18,
pp. 3444-3464, 2010.

Y. K. Kim, C. J. Hyun, and Y. Kim, "Sequencing
in mixed model assembly lines: a genetic
algorithm approach," Computers & OR, vol.
23, no. 12, pp. 1131-1145, 1996.

K. Jitmettal, "Application of particle swarm
optimization for multi-objective sequencing
mixed-model  two-sided

problems on



MIANFIFAINTTUANERNS UWNINYSBATUASUNTILSA

U7 13 20U 1 1HUNNTIAL — W18 N.A. 2561

assembly lines," M.S. thesis, Dept. Ind. Eng.,
Chulalongkorn University, 2011.

R. Kumar and P. K Singh, "Pareto
Evolutionary  Algorithm  Hybridized  with
Local Search for Biobjective TSP," in Hybrid
Evolutionary Algorithms, A. Abraham, C.
Grosan, and H. Ishibuchi, Eds. Berlin,
Heidelberg: Springer Berlin Heidelberg, 2007,
pp. 361-398.

FHSING DUUNBY, "N1TINAIAUNARTDIUALUU
naeIngusrasduuaenIsUsENoUNGn N
NANLUUADIAIUAI8DaN0TNNNITUTIIIU
saufuiled "AnerdnusiAinssuatans
U9, N1ATYITAINTTURAAINANT,

PAINTAUNTINGAE, 2558,

97



