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- Genetic Algorithm for Balancing and Sequencing in

Mixed-model U-lines -
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Abstract

This paper presents a new method that can efficiently solve the integrated
problem of line balancing and model sequencing in mixed-model U-lines (MMULSs).
Balancing and sequencing problems are important for an efficient use of MMULs
and are tightly related with each other. However, in almost all the existing
researches on mixed-model production lines, the two problems have been
considered separately. A genetic algorithm for balancing and sequencing in
mixed-model U line is proposed. A presentation method and genetic operators are
proposed. Extensive experiments are carried out to analyze the performance of the
proposed algorithm. The computational results show that the proposed algorithm is
prorr;ising in solution quality.
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B dAFoqAMe 29 U (mixed-model U-line: MMUL)oI A 2] 2+¢ e}
eA #A4E 9Ed. MMULe Usdg E#52d %Y (mixed-model
assembly line : MMAL)Y A& 25 ZEv. MMULS A4 g9le] Uz dH=Z
FRHA o)A AEo] FUPE REFY Yo BRol HUEE HAH ik ©
A AFel FY=HE A F(forward) 24 # AFo] Yo F¥3k(backward)

RS N0AAE AN G2 od) ATHAL.
FANSEL E-u) A 25
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e EF e AGAN F3Z 5 Ak a3 4 2l AFo] ERHO
5457 gEd ZAggoin e 2de Aol £3d & Yok £¥, EFRY 3
A2t (mixed-model straight line: MMSL)ol A 8t 28] AlolE B F<F e 7}
AZA & 29 o] #3E 5 Qv ole UAAY Sz Add 3y
e d9d ALY 4dG 4 AP 2do] g £ QU] HEelth

MMULA A A8 FAeAAE 2He EAE 99 283U o8¢ 4
3] Fosit4l AATF AL AFS AW A 43 FAEE AFY AG
€ 71A K1 A}QF @Fse Ao, FATH EAE ALY ¥BE =Y
2 AQFE 7128 st AFY YA E AAstE TA T

MMULAA 24833 Fdexs 24T dd4E 2t 28dE E73tx
7€ ATFEL YRR F EAE 59802 FEAY, MFAHA MMSLY 23 AF
oltt. MMULAIA 8] &3 EAE ttE IFEE Sparling & Miltenberg[4 ]9 4
F7b Aok A BT BAY FAEA EAE S 0E dFEE I A (symbiotic)
g ndEg o€ Kim YKI3]8 A9 W3 A(endosymbiotic) I3LndFS
o] &3 ZAAE&[1]Y AF7F Atk o] AFAAE AAZ] B AAF AXE
22 e F AAAL ALF BEE AT TAE GFAG '

2 d7NAE MMULAAM ZHE Zolg A2 3t AYEIH FAEAE &
Al Fate 718 Adstna @k olF #3td FALRHEE Ao, F
oA EAS #ME dEldE A EIRA FAAAAT AAHAS 53, 5 &
Al A A dol AEA ALHAL ARH APE T ALE ¢nE
A5& BAn

2. MMULAIA 8 2a93 SQ&A 24
2.1 MMULY9 A4Hi4

MMULMM = AA W73 Fde 2dd PAFoz iy JLRIHY
(minimum part set : MPS)& 731 °]& AN FAEA A wet &5 Pt A
o]E AE £3] AHEETE] dE £, A B, C 3718 24 AA AF Yol
Z}z} 100, 150, 50 °l2t¥, MPSt W3 s 5002 Z4zS e (2, 3, D)7 Btk
MMULS A& ©]21d MPSE %& A4ty F AAFS 4584,

2 AT 9F e FJE8EHR FAdeH A= MPSE 7L 8y, ol &
FEd 2HHAANAN E3] AHEIT2] 2 FHAAY o] FAZFH Edo] v HA

B EHARE FAEY,
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2.2 MMULY A 9] #ed 3

ZEHAANA FAAETE IAPE 1Y AFY AL o)A &1 FGFe 24
& g3 A MMULOA FAJE e AFy A& Fd5c RLEY F
d M3 BAE 2 2EH Y F A E(combined precedence diagram)Z JEbd F
ATk AZFABIFIAZAEANAN Z e FPAELE MPS7IF B¢t 2 Zd9 I3
At oz Frh. < 2¥ 1 > A B C Zd9 HYPFAHES o529 MPSIL (2, 3,
DY o] AFHYPITAHAEE BAFT Qlth a), b), o) & 44 22 A9 HYPIAST
ol, )& °lE¥ 2¥T Z2¥NATAET. AFHFTAEAA =Y 19 FAAAZ
6X2+5x3+4x1=3 7 =22 24 19 HGAte] 2dd fF3t= MPS 3k
53¢ BEY Foz Alddr.

—

tlo rlo

a) 29 A AYFTAE b) 24 B AYEAE

c) 29 C 43R = d Z2¢4ydeRZ =

<39 1> Z2FAYTHE 4

9 29 23604 AAeT EAE F2 Ao|2Ho) 2oL o 4
%o HAashl, FQF 7 FARS W@ AolFEde] HAHE ZHoz By
MMULAA Atol e e AEFY 249 onz 2183 2, 74 944 2vd 2
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dFE A3 Fevh B 4 AAFAA AAFE Ao 7E AAFNe=
AARHA 1 FAd<A w g2,
metA 2 A7 e FAcHAAE 2std F AYF HolE Hagd
I FAEHE 2ASE EAE GFaA o :
< 29 2 > MMULAA 3719 249 AFE B C, B A B A9 2d o=
FAY o, 54 A]E T AAURY A2 Holu Uk FAAF 1 dAME Ale]E
¢ 249 Ast BY o] #¥EE £ F U

Z

i

«

< g 2 > MMULYA ZFeF o

2.3 MMULA A 9 FdsA

MMUL A FdeA A RE2EY 59 ¢4& 2Ase Aot FdeA
A 2ARL #QlZAol9 3 A3 minimizing the overall line length), ¥4 A7kl J
23 (minimizing the throughput time), Z#jolo] A $3F 2 3l(minimizing the
risk of stopping the conveyor) $°] Ut} E dAFoMe #dZdele H4i3E 93
EAeA A g2 AAF Zold HaFge AFY FY BEAE £9 AAFE F
7tAZ B oot AYGAY] ARFAIZEE A e R FYPoE QA7 AAXAY H
Pdg £9 5 do2] < 2F 3 >& FYEA 6 w2 gldelE RoE.



SR YA A A 674 A 2 3 20043 6¥ 119

Q% 19 do| . L A3 N9 2o

2ol 2ol

< a¥ 3> BEYeNe o gelgo)
3. MMULYA ¢ A8 FH FUCA FAF Ad w4415

E AFlHE MMULAASY 24833 S4ed 2AE 8237 Astel 22
SuEL AESET o8 A BEH FHALAE AN T,

31 % 4

%%ﬂ%lilal%ql*i EdL EAY T2¥ FHE FE8I olE o83 e
L€ E€Hoz gAged FLE J¥E I B FAALAY FHEo 4dx
OgE ) e FAJEE AAFHo ok dv. AYYT EAY ?Sﬂl:- ZAAFY A

%S 13 'P‘I] PGl Qg st ¢ o8 AA FAEA w3
MPS71Zt ¢ FdHE AF &4 A3 EAoth. & F & ] 25 Z9 3
e 54 *ﬂ-a A AL A (relative order)7}F d12] F .3 2310]1:}, wEtA B
ATl A e AP 7] (random key) EES ALE3te & TSI APy THL 7
Ao 8425 Yoo 2 T+ wHoz &Y (permutation) B A &4 Z&
sted AMSHE Wil £d Fdd u& Hd5FHA 1 H TAone point
crossovenY 2 A FXH(two point crossover) 52 A AAbzte] #H Qo] go)sir}
At FHAA JlAE AAEDFY HE vehdle FEFS FYEAHE YERE
F FELE Uroldd. ZPEZS 17H MZAAY 8422 EIHH, FU&ME
M+1%E M+K7}A9] 842 E@.%E} A A REe [ HA 24 AY (o I
g7 $AedE vEhH, 7 i REY kL AR 24 MPSYIE B¢ k WA §

Nm&‘l
P
2:9,
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U 2ol 59 SHEHE Yehdth A BE ait 0%H 1449 452 EW
Atk < 29 4> 349 2del g MPS (2, 3, 1) ol%, 2 a2 4ol
<Y 1>3% 2 W, ALY RO ek AN dolth & R 127 8&
t A9UFE YehilE, % BRY 6 axt FYEAE Ueranh

0.1 (0.3 [0.4 |0.6 {0.6 |0.5 0.3 0.9 |0.8 {0.1 (0.3 |0.2 |0.2 {0.9 0.4 [0.1 [0.7 | 0.3

<Y 4> 89 4

o2 AP AAE ey ANAE ol BAY AT Yo
B 0ee B =4 AAE S48 detol A48 750l

N AR F
M:% A9 %

K R99 %

I ER L

J A9 A,

te 29 k9] A i) YA

%D MPS/IZt B9t 2 i) £ AYAT

T, MPSY|Zt 59t 2% jol 839 3 AAA.

T MPS/|Z+ Bt AR Y AgAlzre Wi g:r,m
P, A o njed dd AQs5e A

S.: A g nEY $8 FUse AL

R 2% 2% 29 A%

WA, e RES ANV o8 A% AAE B2 2o

@A 11 FAdFe A Fe A¥BNE BT=E 71, AR =15 B4
9 20 RE AQL 3 97A @A 3% 48
@A 3 j < Nol®d, R=icl|(P;=¢ or S;=¢) and ?,<BT~T;
j=Neld, R=icl|(P,=¢ or S;=%) F3c}

I
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@A 40 R=¢°|q, M2& ZAAF j=j+1& A8t @A 302 i
282 god, Rl £ AY F AL &4 el M FHE AAS
2 gel &3

%7‘1] 5: BT= j=1mlnN_1§‘]iF"§l'q'.

T/ &43 jo 838 F FGA j+1 A F9F) 828 A 44
Ao FY ALE " golvh. Ty<BToI¥ F83dx, 2¥8A ¥od,
A 22 th

A

MMULAA 2y AgA ko] < 27 1 >3 31 MPS7F (2, 3, DY W 2ALA
o] 47kol®, < Y 4 > el A AJQTIF L S Zo] At

@A 1: BT = 255/4 = 638% §1,j = 1.

GA 2
j  BT-T; ] Qigt i Bt 7
1 63.8 {1, 12} {01, 0.2} 1 {1} 31
1 32.8 {2, 3, 4,5, 12} {0.3, 0.4, 0.7, 0.6, 0.2} 12 {1,12} 52
1 1.8 {11} {0.3} 11 {1,12,11} 61
2 638 {2, 3 4,5 9 10} {03, 04, 0.7 06, 0.8, 0.1} 10 {10} 30
2 338 {2, 3, 5, 8, 9} {0.3, 0.4, 0.6, 0.9, 0.8} 2 {10, 2} 51
3 638 {3 4,568 9 {03 07 086, 05, 0.9, 0.8} 3 {3}t 19
3 448 {4, 5, 6, 8, 9} {0.7, 0.6, 0.5, 0.9, 0.8} 6 {3, 6} 34
3 298 {5, 8, 9} {0.6, 0.9, 0.8} 5 {3, 6, 5} 51
4 {4, 8, 9} {0.7, 0.9, 0.8} 4 {4} 34
4 {7, 8, 9} {0.3, 0.9, 0.8} 7 {4, 7} 49
4 {8, 9} {0.9, 0.8} 9 {4, 7, 9} 77
4 {8} {0.9} 8 {4,7.9.8 92

oA 5 T, =92, T/={91=61+30, 70=51+19, 85 = 51+34}°] =&, BT=70.

oA 2
;i BT-T, A Qg 7 BICY Ti
1 70 {1, 12} {0.1, 0.2} 1 {1} 31
1 39 {2, 3, 4,5 12} {0.3, 0.4, 0.7, 0.6, 0.2} 12 {1,12} 52
1 18 {5, 11} {0.6, 0.3} 1 {1,12,11} 61
2 70 {2, 3, 4, 5,9, 10} {0.3, 0.4, 0.7, 0.6, 0.8, 0.1} 10 {10} 30
2 40 {2, 8, 4, 5, 8, 9} {0.3, 0.4, 0.7, 0.6, 0.9, 0.8} 2 {10, 2} 51
2 19 {3, 5, 6, 8} {0.4, 0.6, 0.5, 0.9} 3 {10, 2,3} 70
3 70 {4, 5, 6, 8, 9} {0.7, 0.6, 0.5, 0.9, 0.8} 6 {6} 15
3 55 {4, 5, 8, 9} {0.7, 0.6, 0.9, 0.8} 5 {6, 5} 32
3 38 {4, 8, 9} {0.7, 0.9, 0.8} 4 {6, 5, 4} 66
4 {7, 8, 9} {0.3, 0.9, 0.8} 7 {7} 15
4 {8, 9} {0.9, 0.8} 9 {7. 9} 43
4 {8} {0.9} 8 {7, 9, 8} 58
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@A 5. T, =58, T={91=61+30, 85=70+15, 81=66+15}, BT=8lo|t}. T, < BTo|EZ,
AR APQET ¥ HAe w3t 2 A7, 4 3R], 12, 11}, {10, 2, 3),
{6, 5, 4}, {7, 9, 8}9] Aol 2Lt

AAL EAeA REY HML £YE 2do AEL A=z ydstzn, AA
24 o] F& ARH AHE FYFon AT <2 4> JEIE MY FY
A FES 48 Bz MPSYIT B¢ FYE Edyg AEFES A2 JYEId
AABBBCeo| €4. A FUEA FEAA 7B FE #L 012 4 WA A Folnz
Bl H3, 2 & 1 ¥4 AFY A7F ok olgt 2L Wyoeg BT JYEEH, §
3l¢<A = BACBBAE A @t}

32 FAAA

FALLYFAA A Zste FAAAA o] o] FojFt. FHANANE 1
2}(crossover)®t &AW ol(mutation)7t Ytk wAE F A 848 A2 w@sto,
e ARE FE33 o]§ MZ ZAFFoEZN &3 e EYo] 75A st
EddolE MAY 84 Yo WMIE FoEN d9 HBE UIFANA IS 3
o] gAo] sheatA sttt ol FHAMAE o HRE A A Fx, o
5 Al AgsEs deso] g

2 dFdAe £FE 2 3 ZAFEE AgeT HA, ALd XA AL
33 FYEAE UrE AAC 2AR INE 1AL, 22 HEE AJQEYG L ET
EQeA FES 4989 do9 AP 14E AYSES Ao ol FHAML]
EA A BFHA ALHE AL WA}E a3/ g < 29 5 > ax A
2ol A& oot}

O

_1

Jl

Pi=[0.1]0.3]0.4]0.6]o.6] 0.5] 0.3] 0.9] 0.8] 0.1] 0.3[]0.2]0.2]0.9]0.4]0.1]0.7]0.5]

pe=[0.7]0.2J0.5]0.6]0.1J[0.2] 0.4] 0.9] 0.7] 0.5] 0.9] 0.1]{0.1] 0.2] 0.3] 0.7] 0.2] 0.3]

o1=]o0.1]0.3{0.4]06]0.6] 0.2} 0.4] 0.9] 0.7] 0.5] 0.9]]o.1]0.2]0.8]0.4]0.1]0.7]|0.5]

02=[0.7]0.2]0.5]0.6]0.1][0.5] 0.3] 0.9] 0.8] 0.1] 0.3] 0.2][f0.1] 0.2] 0.3] 0.7] 0.2] 0.3]

ol ol & A A

< 39 5> 3z Axzte] HE 4
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qJen Ao AdxEE AAY 2 24E BAWolgol ute M¥sn 03
1 Atole] goie] 2 @AStE ABHU BYe 10T AHAT

4. 4 3

AL dnPFY A& Rol7] fdtd, AFH 4F S A& 48 iy
TAE HAEN]Y AFdAM H2FHND EAE AEIAT. Aol 191D EA
(T19), 61701 EAI(K61), 111780 FA (A1l MPSE 22 (12, 3,1), (3,1 4 2),
(3, 1,42 3)0 A& ddez 4g3d 24 A o428 FAAdZe] 5o d3f
AdsA

Adelld #Fd ArHE du A¥E T, 2 EA dd <E 1>3 Zo
AASAL, < B 2>2 7 ZA sl 3038 HE AT AA2A, A A L2 £
Al oE, F UA €& 4R £, A AARE g g7ze E2 FIAA A
dole Hid M FL &g M UE &, 2831 EFEUAE BAED HHd b
3 EEAARZ ddAoz A5E & F vk ol2A Add 2z Fo dFHe=
F2 e BAHste ez BAY & AFAA HFE U] HAsE AY A
233 FYEHME A 2HE 7)€ A7 oF7A wflemE, & 799 ¥
A ENE BRI F AN

pk o .

<E 1> fA%39H

Al 2R A7) WA EdRE
T19 10 0.9 0.10
K61 30 0.8 0.10

Alll 50 0.8 0.15

< E 2> ALY ¢xgdEe H%

problem N mean best worst s.d.
719 5 7.33 7.20 7.55 0.123
K61 115.00 113.80 116.30 0.700
K61 117.30 114.30 119.30 1.390
K61 119.30 115.70 122.30 2.000
Al 1 155886.00 | 154221.00 157011.00 707.000
A111 7 156656.00 | 155087.00 157800.00 951.000
Al11 1 157313.00 | 155904.00 158474.00 828.000
Al11 1 157017.00 | 155072.00 158321.00 966.000
A111 18 159523.00 | 156464.00 161669.00 1301.000
Al11 27 198168.00 | 186070.00 212636.00 7298.000
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5.4 &

B d7oNe £¢2d Uzt (mixed-model U-line: MMUL)IA 2}l Zo]g]
HA3E A% AALIH FASAH EAE A HAsE FALRYES AL
Aot 2 Zdole HAszE Alo]lE HBHYE Fole EHV A7 WEA F AAARY
AdFe] AAE Eole AFAE 7 & Ao dF= EA4 A¥S /FAL1YF
o] E3 Woz AHI] RS AHE3IAT, ol AT &Y MAY Aol A
A AL AYIY FHELS AFAHA ALY FEo] LolsA AT
Aetd dueEe] S Holy] AFEH APE A8 A

l
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ATE  F3Ugn FFAIEHE 45ty FFHEI| e AF T A
A, Agdign AGEE oA SAEHNE HESAT A A
ga e-B|AYASHAN TFE A Ut FL BAEI:=
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