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In this study, we consider the assembly line balancing (ALB) problem which is known as an very important decision dealing
with the optimal design of assembly lines. We consider ALB problems with soft constraints which are expected to be fulfilled,
however they are not necessarily to be satisfied always and they are difficult to be presented in exact quantitative forms. In
previous studies, most researches have dealt with hard constraints which should be satisfied at all time in ALB problems. In
this study, we modify the mixed integer programming model of the problem introduced in the existing study where the problem
was first considered. Based on the modified model, we propose a new algorithm using the genetic algorithm (GA). In the algorithm,
new features like, a mixed initial population selection method composed of the random selection method and the elite solutions
of the simple ALB problem, a fitness evaluation method based on achievement ratio are applied. In addition, we select the
genetic operators and parameters which are appropriate for the soft assignment constraints through the preliminary tests. From
the results of the computational experiments, it is shown that the proposed algorithm generated the solutions with the high achieve-

ment ratio of the soft constraints.
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<Table 1> Symbols and Weights of the Compatibility and

Distance for the Task-Task Related Ass
Constraints

ignment

Symbols Descriptions Weights

A It is ‘very important’ to assign two tasks to the same |
workstation.
It is ‘important’ to assign two tasks to the same

B . 0.1
workstation.
It is ‘a bit important’ to assign two tasks to the same

C . 0.01
workstation.
It is ‘a bit important’ not to assign two tasks to

E : 0.01
the same workstation.

F It is ‘important’ not to assign two tasks to the same 0.1
workstation. :

X It is ‘very important’ not to assign two tasks to the 1
same workstation.
Number of workstations between two tasks

d;; (positive and negative values mean minimum 0.1
and maximum distances, respectively)
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AArkate] oJs) 27 G3s v Fow deA lon
2 2 =i A8S Fste] dAs|E gtk

g FAANS FaA A HAES 2GS
?'H:‘]"‘i AAER w7 A 2 A58 A ofzzzdel 9wl

= Brlsdi 2 ¢ JonE B dAyL desith
o] Aok FdsA RAS 85kl
A4} skl 15 oL € A9 3
Abell ofal] Abgbd 4 Atk 7530]
2 Aol A= UH H]EHU}E} 7V ES 7HZﬂe Ly
el E%“‘G = A BE 2Helitist strategy) x—q.*‘l

=

i

Of

oA oz AXE A GALB #AE E7] $
Sk GAalb 7]1WF &322 F(soft allocation constraint GA, ©]
3l GAsac)e] AA T2 Aoter| 2 dh AXE )
Ak GALB £A4l&= AXE A ofo] ¢li= SABLPY v
9] 2435 (multiple optimal solutions) ZolA AXE T
Aok A vhHets s e wAgt & 5 Ak
GAsact= WA E& T3 &, o] 3|5 o] &3 GAalbE
AdPste] AZE FFA o] FHEE FIATIE HE
e dAE %WHD}

B =R Ae B E F87] 93 SchollZ Klein[24]9]
A|Fek SALOMEE AH&-3te] SALB AIE Ft} il
SALOME+= M 2% A9 43+ WiH(local lower-bound me-
thod) 2} 48k 7] 72 (branching strategy)S 4 -83H=

1 F2o 2 SALB A thel Adsol 7MY - A
o=z 4#A Uvh4, 23]. a2 ALB-Research Group<]
Folol Aol SALOMES] g 7 Z2ags AT
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ALBP-2 B9 £AE o= W, SALOMERZ 0]
7 Abol = BHYl el tisto] A4 5 HAR ke &
AE = 5, GAsaces A&3to] ~ZE Aok GALB
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A7 = 4. GAsac

A 1. AZE A kS AE5HA] 2 SALB A0l
i3] SALOMEE o] 434 HAd, £ & F3tch
9A 2. Boll tidt AZE St FHEE Hrsit
el FEHEET Wil Rt 18X
oW WA 302 7t}
oA 3. 27| Ao A A A EE Y
staL A& AkE 918 FAS o]-8-8k= GAalb
£ A&oto] 22E A ks XTS5t GALB
TAE o
A 4. v HAME o] dRA Yt FHETF A
W Fueth a¥A ¥oW st= AdxiS
$sleta w302 7t
2 =EollA AloteE GAsac2 271 ES 99 A4
W AZE diA| ok A8 %2 SALB A4
Asl, B 7 Fdshs B WS T8 AL
gho}, Sholl Al A& mhe} o] AR el o5 A
S5 et vk &S wefate dol gl
v Ao® dEA JrH18]. & =i Al WS AE
et A5, AAEN) Jee] B SHAA A7 9
=4 Lol y] Y A (cluster analysis)S ©]-8-3}
of gJej& A fAREE 271 E TPt A5 vl
sk
wA 54 Aol Jauie] M AAANA) Sl A
drput kgt AT EAeE AE el S GA4A
A A 4(chromosome diversity index ©]8F CDD)E o}
Bel 2 (10)7 2ol Aefssitk AMA 17 FE &
HIEA A 7 AT A& Algksh=dl S35 20l
FE2l= A2|(Euclidean distance)E ©]-&3}o] ALtslo]
T 4 o o7 = kAl = AAA Aol
AR} wjdoe] BF & 6}”“(5 Eolgh dojvl) e 1
wol Eete WA o= ALESTE CDI #tel 2%
Hero] gt AAAER T4 ASS ugth
CDI= B 28 5 > 100(%) (10)

N

=

WARNECKE ©lo[El(23 dlo]e Ale] tisjr: A
41488 #Fz357] vlEhE o] 43 GAsace A4t
/bl wel 7 499 CDI #e FH% 5, AAL
g ZE ZAe Zlo] <Figure 1>0]th Z1efZe] W o
A 0%7F Aoz A AAE 2782 Fdste 4
HF, N 279 AA 5 FAA B A5
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<Figure 1> Time Series Graph for CDIs
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<Table 6> Results of the LSD Multiple Range Test for the

Aok G oA S F3kel N, £, 2El3 P9 @ MGOs
< 77+ 100, 0.4, 0.5%2 AR 2,000 7F = upA () SAWYER30
= Sk A= Aok EAstel A Al 2,500 MGOs | Average Homogeneous groups
ZastA, sle iAol gle] 2,000 t7t Aud F 5 RE 80.20 A
e Aow Fuxrdas A3 agla 23S 55 INV 78.22 A B
o g 2713w Fahe v&e 2% AAsr DIS 7438 B C
ol 22E @Ak GALB EAd 4 A = e LR <
Aol FADLAS WA A oA AFE DD
(R]j:)’ STEAINV), ARIINS), AFDIS) 43+ L&?}Oﬂ MGOs Average Homogeneous groups
3l SAWYER302 WARNECKE T Hlo]E| & o] &3} RE 6145 "
747308 A FASUT. AR ARRE £EE INS 63.99 B
gAY F5E, o & AE3IATE GAsac® T3 BE INV 63.83 B C
HAAXHE)E 2ZE A kS A &4 &S SALB DIS 63.55 C
A HAME)E FAA 2ZE FFA RS e
FEahs dolnz folA Aok s RRL ol W poz Agw AW fal AM) FARAELL
A wr kol ¥ 2 dl7F 9§53 &7t "k = Ao whe} 2 Aol dhgdst=d 485+ Kim et al.
FWoe] AMabEel s Abelol el Zolzk 9l (1819 W R WS A e RS AYF
A gotry] 98] BAHEAE AAIS ARt <Table a9 WS A At aa} g} v 2 S HhH e
5>l “ﬂ Aok g Aol FolSE 5% BtelA F Ul AjAle]l xRE S me 2adES A A49GRE
ofe] BF QAAE () Aol FoF Aok A GFUA @ A ge] Aol AolF B
Ark AAE B0 A Aol §¥E Gokea) Aol 4R GRS L Aeld, 7, A BE2AE B4 T
Fisher®] 49 *k(least significant difference, LSD) W & 59l gila) 2o shgel 4= Qlom, g+ =
g o] &3ste] thEu L G(multiple range test)S T o] IS Ayt WAty 2dd W i+
sttt A4 A3E Aelek Aol <Table 6>°lth(FEolA A @ az¢o] jiA Qa2 ate] My Aok ukal
MGOE EAWo] FH A4 A (mutation genetic operator) | 2L 2 A|7ko] g Al Z¢i ] o] &-&A7F o]3}
£ o). E2RE REZF S S8 & 5 otk olw, F299 A 22492 U4 §9Fo A
Gepd E ATOIANE RES BelMe] FHAMAZ 4 E O e T 28 4 9t S B+ A4S A
&3kl ojth.
<Table 5> Analysis of Variance for the Performance of the MGOs
(a) SAWYER30
Source of Variation Sum of Squared Error DF” Mean Squared Error F-value P-value
MGO 1276.383 3 425461 3.207 0.026"
Error 15388.028 116 132.655
Total 16664.410 119
. DF stands for degree of freedom.
There is a statistical difference in the effects at the significance level of 5%.
(b) WARNECKE
Source of Variation Sum of Squared Error DF”* Mean Squared Error F-value P-value
MGO 12.727 3 4242 8.484 3.832E-05"
Error 58.002 116 0.500
Total 70.729 119

DF stands for degree of freedom.

" There is a statistical difference in the effects at the significance level of 5%.
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<Table 7> Test Results for the Performance of the Work-
station Allocation Methods

Data SAWYER30 WARNECKE
workstation Proposed| Existing |Proposed| Existing
allocation method | method | method | method | method
Best 96.02 96.02 66.27 66.27
Average 91.32 80.20 64.59 64.45
Worst 74.16 74.16 63.45 63.45
Z-value 5.220 0.743
P-value 8.930E-08° 0.229

"There is a statistical difference in the effects at the significance
level of 5%.
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GAsac®] 49HA Azt FolA 1~3GA1E &g Ad
AIHE <Table 8> He|et3irh. #olA SO= SALOME
2 3 SALB w4 FAde] A TFHE(ar,)0] AL
IR(Improvement Ratio) 107]2] AZE shdA|oF A4
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o7 SORTF $538 afj(Worst oA S09 HU3
o)AATHE FPonR F 7/H7F SORTE -3}
IRE 70%% AL A &+ A5l GAsac7t
W $F% 45S Boli 9tk MANSOOR Hlo|El ]
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A grobd AZE FYAGE U Bol FHAY 4 9l

<Table 8> Results for the Performance of the Proposed Algorithm

Data Categories Acllocation Constraint Sets IR
AC1 | AC2 | AC3 | AC4 | AC5 | AC6 | AC7 | AC8 | ACO |AC 10| (%)
Best 34.95 80.51 63.21 67.31 62.26 78.04 81.97 58.68 991 99.50 40
Average 34.95 80.51 63.21 67.31 62.26 78.04 81.97 58.68 991 99.50 40
MANSOOR Worst 34.95 80.51 63.21 67.31 62.26 78.04 81.97 58.68 9.91 99.50 40
SO 34.95 41.52 63.21 64.10 62.26 41.70 81.97 58.68 9.91 0.50 -
ACT(sec.) 3 3 3 3 3 4 3 3 3 3 -
Best 96.02 97.22 89.80 94.26 76.68 64.34 96.21 77.81 10.29 94.74 100
Average 90.70 96.92 89.80 85.85 75.79 63.73 96.21 77.41 8.54 94.74 100
SAWVYER30 | Worst 7416 | 9589 | 89.80 | 77.04 | 7558 | 62.06 | 9621 | 7672 | 743 | 9474 | 100
SO 10.34 42.65 88.27 56.00 65.53 37.71 58.33 62.51 1.71 48.25
ACT(sec.) 16 17 13 24 22 23 19 24 23 19 -
Best 64.93 58.71 38.53 61.52 60.62 72.24 76.12 51.50 39.80 56.00 70
Average 64.27 58.71 38.39 61.52 51.28 69.79 74.76 50.55 39.80 55.44 70
WARNECKE Worst 63.45 58.71 38.39 61.52 50.61 61.72 74.67 50.32 39.80 54.10 20
SO 63.45 58.71 38.39 61.52 50.61 61.72 74.67 50.23 39.80 53.14
ACT(sec.) 44 36 37 36 36 42 37 44 35 45 -
Best 70.44 46.47 47.16 62.54 52.98 75.89 81.74 78.16 57.93 64.19 100
Average 70.09 36.33 46.77 55.39 47.46 75.15 67.37 78.07 4552 58.94 100
MUKHERJE Worst 69.54 | 2934 | 4639 | 4944 | 4413 | 7498 | 65.14 | 7772 | 3473 | 5813 | 100
SO 64.49 2797 42.13 36.97 43.82 65.80 60.57 69.78 34.28 57.63
ACT(sec.) 295 277 282 289 294 288 267 255 279 278 -
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<Figure 2> Sensitivity Analysis for the Relaxation of the Hard
Constraint
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