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Abstract

This paper is concerned with thé integrated problem of line balancing and
model sequencing in mixed model assembly linestMMALBS), which is
important to efficient utilizaﬁon of the lines. In the problem, we deal with
the objective of minimizing the overall line length To apply the GAs to
MMALBS problems, we suggest a GA representation which suitable for its
problems, an efficient decoding technique for the objective, and genetic
operators which produce feasible offsprings. Extensive experiments are
carried out to analyze the performance of the proposéd algorithm. The
computational results show that our algorithm is promising in solution

quality.
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FELTYEE ol 88 TRRY 2YAYLS AHEH RAeA R BEH - AEF - olgy

TERY zgEddA Fd 2 (balancing)? F &AM (sequencing) & F
Ald] ZA% = A (Mixed Model Assembly Line Balancing and sequencing:
MMALBS)E 1% # 3 ¥32 5 (Genetic Algorithm: GA)E 7H¥3 s MMAL
] BEAHY ol&E e AdA =& YT AAFES #F% 223
3 AF LY Y £48 A AAsA FAGe EFolv Puolojef A
A HEE Eole Ao Fasltg

MMALAA Z4¥3H FdeHe 23 B8NS Zed 28dE EF

33 7]E ATEL HEE F EAE SYFHE2 gdFAY, dFAHU MMAL
of BF AFelth AALT LA FALH 2AE TN ¥ AT= T3
e AAolr _
3 MMALSIM el 29g9s 5dedel #8 FHLndE A7E &
A g 5 2AZ SA6 A2 A% ATE WARA F8 slu@ 47
ojth. oldl #¥ ATEZE FA(symbiotic) VHLBAEFE ©]&F Kim e
alf2]9] A9 UlFA(endosymbiotic) AT EL ol &3 AA K9]
7t Atk ol AFME FAGFH EE AAF UAE HAZ e
AR AYF FEFHE AT ZAE FFEAL
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A% AYPFAEE 7 BdgA FIPHE ZE AAd dis 5 ZAdol F
o] JeuA E5F sdA st JAFFEE Jehd Rolth F, A%
AYFAHAEZNA 24 w28 EE 2D TE 2 A9 ZRoA FF5FHeE
P FdE HetlAY Ee o= A RAqMT FPHe FY4S Ug
W= gt

MMALA A 9] FdeA A€ MPS 71 5 e8] 54 €4& 23

T ZAloltl] FAeA EA 5FL #UZole A (minimizing the
overall line length), ¥/ A1Zte] # A 3H(minimizing the throughout time), T
wiojojo] Fx) AH Qii}(n}inimizing the risk of stopping the conveyor) %
o GeH4-8l B ATANE DAl H2HE A FAeA BAE o
o A 2ol Hagte AFY FY TFE 29 YAFE IAE B
ozt Az Af AkE 2A ste] 2 AYom AF AY NA9 A
& Y F Aok
MMALAME fAtg o8 2de AFE] AL BHFes FY(fixed
rate launching) ¥ 31 lo.0} Zwjojolg o]Fd] wa} APt AFH FA o
F3EA FAPgdoh G Hole Aol £ AF] AidsAd 3
AR =, H$A4e AFER AGE AFFY AL TFoE YFd Au o
o]9] &£x7t Ak B AFA T AYgFe FAdol A HE A
olojo] £ & THANE GAAYR ARG, FAA g AF AL S
37] Y8t Eolee AL FAIFIIE gk

ETgrd ZHIRIAA AlojZ Al mE FYEAE ZAse EAT 4F9
& ¥ Al (sequencing problem)o]A|qt & Alo]Z oA 22 Rl A|Fo] APitd
F At} & B 3 Alo|E T4 AAAFel Y A B Ot A% 2, 3, 41
g £&AM71 A, C B, C B A C C B A% & Ao]Z YA e 2o
oAl depdnz, dEHA AR dadR A 540] td2A Yehdth
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el Agige) HB(BDE BT T2 53, 494 j=12 B4 ek
EE AYe €YY 97ix @A 33 48 HEdTh

i< Nol®d, R={iel |P;,=¢and T ;<BT-T; }

j= NolW, R={iel |P, =¢ } 78T

R=¢old, AR e APF j=j+% A4 ©A 322 ik 28X
Qow, R & A F AN 22 gol 4 AL RS Y
Zol St

1,...,»n
T 43 o 834 AN jHEA FAAFG EFE
A WA A A AEE 9d golth. Ty< BIo|WH FE83H1,

a%x god A 22 7ot

MMALo]A 2ed MajAcke] <29 1>3 23 MPS7 (2, 3, DY o =
g AFo] 470} R, <@ 2>o] JEhd Ao FHJEdFdE v Zol My

o},

A 1. BT = 255/4 = 6382 53,j = 1.

oA 2
j BT-T, A A3t lj EEI T
1 63.8 {1} {0.1} 1 {1} 31
1 328 {2. 3, 5} {0.3, 0.4, 0.6} 2 {1,2} 52
2 638 {3, 4, 5, 6} {0.4, 0.7, 0.6, 0.5} 3 {3} 19
2 448 {4, 5, 6} {0.7, 0.6, 0.5} 6 {3, 6} 34
2 298 {5, 8} {0.6, 0.9} 5 {3, 6, 5} 51
3 638 {4, 8} {0.7, 0.9} 4 {4} 34
3 298 {7, 8} {0.3, 0.9} 7 {4, 7} 49
4 638 {8, 9} {0.9, 0.8} 9 {9} 28
4 {8, 11} {0.9, 0.3} 11 {9, 11} 37
4 {8} {0.9} 8 {9, 11, 8} 52
4 {10} {0.1} 10 {9, 11, 8,10} 82

{9, 11, 8, 10,

4 {12} {0.9} 12 12} 103
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AduzEg ol4¥ EPed 2P AP RAeA 24 AEF - AEF - od4

@A 5 T, =103, T;={71=52+19, 85=51+34, 77=49+28}°|2 =2, BT=7l.

aA 2
j BT-T; R a8t f gg T
1 71 {1} {0.1} 1 {1} 31
1 40 {2, 3, 4, 5} {0.3, 0.4, 0.7, 0.6,} 2 {1, 2} 52
1 19 {3, 5, 6} {0.4, 0.6, 0.5} 3 {1,223 1
2 7 {4, 5, 6} {0.7, 0.6, 0.5} 6 6y 15
2 56 {4, 5, 8} © {0.7, 0.6, 0.9} 5 {6, 5} 32
2 39 {4, 8} 0.7, 0.9} 4 {6 5 4} 66
3 7 {7, 8} {0.3, 0.9} 7 {7y 15
3 56 {8, 9} {0.9, 0.8} 9 {7. 9} 43
3 28 {8, 11} {0.9, 0.3} 11 {7,9, 11} 52
3 19 {8} {0.9} 8 {7.9 11,8} 67
a4 {10} : {0.1} 10 {10} 30
4 {12} {0.9} 12 {10, 12} 51

@7 o T4 =51, T;={86=71+15, 81=66+15, 97=67+30}, BT=810]t}.
T, < BTol2Z, /A9 AT F¥2 A4 & vt o-F5, 7 74
o1, 2, 3}, {6, 5, 4}, {7, 9, 11, 8}, {10, 12}¢] ZJo] &ZFHE}.

AR FodeM 7o dHe FAdE 2l AFS A2 G, A
A 24 #ol e AR AU FYITR AN AT <a¥ 2> Hehd
AR FdeA FES AN 124, MPS7|F B¢ FU9 2o AEFE
Adz Udgsd AABBBCel @tk MA FUA&A FEN 7MY e g
012 434 AMFolmz B7t 3, I gL 144 AFL A7F A ol 2
< ¥yos 2% 4ded, FYeAt BACBBAR A€,

27 RRYg wee e ZYA (heuristio) B4 BAE AR %
M dolef JbedE Agste Wyl sled, & dTeMe 499 dE
ANA 27 EREE FASAT FFH g4 2RE o8 A ¥ 9
g4 27t FAHAR, 27 £ 5 7] dEI.
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B d7dME #4823 T E AL WA A RdAAM HFE3H
FUEAME Ure A 223 A4S 248, 2L veE AYET FEH
EEA BES AYsty, AdE BE (398 e FdeA)AA g9
22 IAE A93es 33 ol g0l 54 A BFH FLHe
A¢ WA e &3} Uk BAY delA BE & ANF FQYY $Ro| 27
HEo] s e W AHgEA ¥od AYUY 229 g9 FHo|
wage s AYd &g Fopinh a7 Ed¥ AAEZE MNAY F
248 ol wet A3t 03 1xto]e Y99 #2 FAsE HEHU
BHS Y2 AR £ AT E ALY FY FEsR EAY
EAEFA A9EIH AFELY FAeAHY B RE AQR] o] I

3}917:_1"] g ALgstgoh Ay o 2= S #uH (roulette wheel) W, EVWE
2 5 ded, ¥ dFME Sy g A T3]

4. 49

Agtd YT HeE Bolr] fdtd, AFH 4¥S AAAT 43
HATAE AAL0]Y ATM dFHARAD EAE AHE3HATE Zdo] 1970
g EA(T19), 6170 EA(K61), 111701 EA(Al1l)el MPSE& #Z ( 2, 3,1
), (3,1,4,2),(3 1,42 3)Y £AE d22 47330 4 &4 49
2 2hae] o da @A '

AN #Ad AvHE 4 488 F3d, 4 EAC dsk <x 1>% 2
o] AN, <F 2> & EAll disf 303 TEF AT AAZA, R AA
g2 TA olF, T HA d& AYZY &, A AATE wA g L& 3
S e 2 Hoje HEF s 2L e b U &, a8n EEUXE
gy Hd v FEAL ez 5S¢ 5 Uth ol2N A
g d3ngFe] AR F2 HE BHsE Ao BT B AFA uF
€ Zdde] A58 A A4 FYeAE A nEd VE d7s
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A% 44

7 o9y

FA7A gomz, de AT v 2He vd 4 s

<E 1> fAdgng

B 234 27 MAE EQyolg
T19 10 0.9 0.10
K61 30 0.8 0.10
Alll 50 0.8 0.15
<E 2> A" 4dngdE9 A%
problem N mean best worst 's.d.
T19 4 7.20 7.20 7.20 0.0046
T19 5 7.20 7.20 7.20 0.0046
K61 6 103.00 102.52 103.45 0.2961
K61 7 104.66 102.88 105.62 0.6978
K61 8- 105.59 102.91 107.18 1.1583
Alll 15 155449.83 153361.84 158065.56 | 1252.1982
Alll 20 163595.67 161534.61 166760.78 | 1352.7463
Al11l 25 189920.42 184402.44 194484.61 | 3394.6634
5. 28

B Ad7dMe EFEE 2gAAAA AGEZH FAeH BAE T
#HAs7] AT FALLYF] ALHAG FALA EART ol ALY
g A 522 P Zolo HAIE AR L, 2l Aol His)
t AlolE BHAE 29 AP AYFES TFEA e 2RE VT +
Ak FolF EAE EFHHoz HAEr] §F FALLYFT] ALHUH
FALnE] EE WHoRE AT Bl AHEHUI, o8 AT E&F
o A HAHo] AMFA MEHAUT. ALY duYF Y& BHol7] A
FE APE Ao, 48 A% AgE LuYELS FHH 2AF F
L HE HFHoz FAEE BYth
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