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Abstract

Actually mixed assembly line is mixed with open and close type workstation. This
workstation is called hybridworkstation. The propose of this paper is to determine the
sequencing of model that minimize line length for actual(hybridworkstation) mixed model
assembly line.

we developed three mathematical formulation of the problem to minimize the overall
length of a line with hybrid station. Mathematical formulation classified model by operato
schedule.

Mixed model assembly line i1s combination program and NP-hard program. Thus
computation time is often a critical factor in choosing a method of determining the
sequence. This study suggests a tabu search technique which can provide a near optimal
solution in real time and use the hill climbing heuristic method for selecting initial
solution. Modified tabu search method is compared with MIP(Mixed Integer Program).
Numerical results are reported to demonstrate the efficiency of the method.
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Zol(Line length)el A3} @4 Al7HThroughput time)e A3}
ZAdolo) BAAFY A3, F 7H9RL(Utility work) e H438 5 G4 E’ﬁ"ﬂ o} &) &131
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gate FEld 2¥ 2137 71HE AASALT Belarminofllls flow shop® Aol Tabu
search® #8314 01-%311—4 AFE ol WHE AASFAT Bertyll2l= dFAE EAE
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2.1 71%
] # (Index)
i= FYAEFY €49 9A ;i=1, .., 1
] = A/EF I =10,
=AE ELY FHF  ,om=1..., M

9l & 2} & (Input data)
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Bi=1, 244 ok j+1o) MERAEA FF
=0, 21 99 B
1= 2dafjek & AFe ;1= 2 dm
oA A (Decision variable)
Xim = 1, AFRdo] LA 1 HA AR e &
=0, 1 99 BF
Y, = 24 jeol ghelel el zZ; = ZAAA joll idA A 2AFAIRHA

Si= AR % ek AEARF A A AFY A2
Ep= o2 HdA8e 2497 jol paA AFe AN
Li= 2 &A1zl 247 jol iaA AFe g Azl

2.2 =grg?®

331894, o]& 29 A &F(Hybrid station, Early start)

Min Z‘Y,-—EB,-Y,- )]

subject to
3 Kwl,  foralli 2 % Xmdn, for all m (3)
Zoi2Zi+ 3 X tmw forall L} (4) Yi2Zi+ EXenotm foralli i ()

Sijr1 = Siy+ mngim “tim , for all i, j (6) Xim€(0,1}, Y;20, Z;;=0 , for all i, j (7)

WA Agdel TFR AFF AGAF) o8 AANR (Baly st F+E FA3 49
o Ae EYEY 2YAAY FAA0E Fardde AL FHOE sHE
A4 o Adgol A AAFold APAAYl ARG FH 2ol I
o] A% Aol A%HT ohAW AYPY BAPelw TIE Bk ADE ¥ AX

YR AFol et glofor FThE AFHolT H(3)E& MPS F8 A ol

7 A &
Aol AN AAAE AN oM wE 3}%11}7} HE&ade Adl olgste ALlE <fnlst
= Aoz vtk FEEE VIFoz ¥l &9 e VMW AdAE Sl AYE A F
Azk(Idle time)& ZHXITH StAIRE 4 Esgg ol FAA o7l wFe FFAIME AFA
gome fFFAe] BASTHRE Y] NS FF APFY ARAA G AE)E A F
Aol ol 2E AFe HgFael AAne LAY Ade AokAe onss @)L
st gol d&H B¢ APEE FHANLUE AGH o2 AHE) e d%d ALY
de A9 449 dolg Tate Aol ohdm N AYFe] A&HE ok AgHel Aol
W opetE "ok e HEASGRA 2 2¥E ol AJARCIER AINAE HYF o]
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23 A94, =& FHYA A (Hybrid station, Late start)

Min 3 ¥,- 3158,7, ®)

subject to

$Xim=1, for all i ©) 3 Xim=dn , for all m (10)
Ziag=Zi+ 3oXim tmow , forall i j 1D Yi2Zi+ £Xim b, foralij (2

Sija=Siyt "ngim “tim , for all i, j (13) Xim€1{0,1}, Y;=0, Z;=0 , for all i, j (14)
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£ wAzE Agdo]l Y AS F AT 2 AAA R (Late star)d AHE 52
8 sk e Z}%‘*lx—}(LC)»} o8 AP AolPL FANE AFE vhsh To] HFA
2ol EAlolth ke AANFE o2 AYNAT 2e FFAVE VAFeA FdA o)

R 2 “Pa AN A RS AFsT F Tk R AA AGFAM 7 F
AlZke] 5 @9 wF TASE A WA A NS 5 ©f d Aotk =& AGA Y B
of (8 (9 (10 (13)& ¢4 |8 2AYARA Zu (@)= HPAe] fFFAIZE] LA}
Homz HAYAE A 41 AFHAM 2AdL dorstrE HUDE WIHAG T2n e

o 2+
Aelel Az Aols AR ARANL AR ARHo] ohs] WP H(De A

&3 Fd4, £99 A YA R (Hybrid station, Hybrid start)

Min g Y,—EB,Y, (15)

subject to

2 Xim=dn , for all m (16)  Ewrs2Eij+ 2Xim - tm-w , for all i, j 17)
LingLij+ 3Xim* tm-w , for all i, j 18) Yi2Zj+ 3 Xm- tm , for all i, j (19)
Sin2Si+ BXim tim, forall i (20 Xm€{01), Y;20, for all i j 1)
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2.3 7249

o) Aol B AFAM AAF Fad mEH aAdFo] Y HLo HAR
(Prototype) & 4 o2 vli BAMste B AN AAG Fnse g4 #2su
WA A HolZ FF F A= ALY £ A8 S A Holg Hasst
= HHe BYEME TaRA BT WA F obx 2YL ulE BAE7] 98 o o837
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Ao 1] =4 2de £ M=
24 £:d=(5,3,2) ZAdo &x 1v.=1
19 A= :1=10 AF FYX2 ' w =6
7} 2de] Z+ 2o Azt
tim =048 7)), tam = (6,9, 4),
tam = (8, 6,6 ), tam = (4, 7, 5)
2 e 74
2Ad7 1 AW 233 (Open station)
Ag4 2 H 294 (Closed station)
244 3 A% 24 (Open station)
2 4 7N 214 (Open station)
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FQgol EF LW HAe] FYSAE Q7] 98 AEE AZEASE Lindo® A3t
Qon] AH4d FFEE Pentium 166MHZ 9tk EE Aste] AaAZe 525 WA ¥qvh
<Table 1>& W2 Z% (Prototype)? & AT AT Hdae] EFH B 4ol Falel 2

o] & HAFHANTE dutdld 2 2L ME vind T ot Table 123E dHyEA ¥
2ye Aggol 48 Aol AAARe] olg HYAZHY © 409 e HolE YR
%2 AAAE BSol 489 gl ZolE ASY. aglzm YitsR FAdME ol A
ZeE 409 Bl AolE AUD & AYARY F9E 489 =AAe] Yol T AU 17
2 AF FUFEME B ol FAYPAIFR] Ao HARyE Jutsld By 52 Ay
2 AT B AYAAY A AFFYEA HZ BES ¢ & Uk o= ke AAA
ol L9 gy 7’011 #Hizlete HHELEM AHale 717 ol uF FH A
g & & A} £33 APAo] EE FFol B AFNAM A 2¥2 HEH L FH Ao
gele] Zoj7l oz B 704 A ] T 8L HP RUeME FE F Ay
S DENELES
Table 1. 9|2 5}e] v
Prototype Model Generate Model
Position Early Late Early Late
start start start start
1 2 1 2 1
2 3 2 3 2
3 1 1 1 1
4 2 3 2 2
5 1 3 1 1
6 1 1 1 3
7 3 2 3 3
3 2 1 2 1
9 1 2 1 2
10 1 1 1 1
lgggt 40 48 40 48
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2.3 .2 BRAAZAMY FdeA 23

A g el AW AYFY Aol HARYS 48T & AT A%HA F ) o

gol AgAYY Al mE vAY APl AY FAFA A%

grh. aem2 dARges 443 doE TY 4 9W AdFel &

¥ AT AAE FeY 2Yoz AN deel Polg FHmA Wil
Aol e ofefst 2.

Aol 4] =5 Rde &M =3

2do £9: d=(4,4,2)

Avlolo} £E 1ve=1 AF FA AF:1=10
Z

i)
o
N
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£ 5404w 6

wale] 7 APl A el AT :
tim=(5,87), tam = (6,9, 5),
tam = (9,5 6 ), tan = (5,8, 4)
tsm = ( 4, 6,8)

I

2ol +4 (Early start , Late start)
A4 1 4 AAR (Closed station) A4 2 : /¥ 9% (Open station)
2 3 0 id ZAAA (Open station) 23 4 @ /A% L3 (Open station)
2 50 #HA4d FYA (Closed station)

Zd Aol A (Hybrid start)

: LC (Late start , Closed station) 2% 2 : EO (Early start , Open station)
: LO (Late start, Open station) 2% 4 : EO (Early start , Open station)
. EC (Early start, Closed station)
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Table 2. EFAYFS HHFAEAM

Sequencing I%idrgieslugt I@Zg diﬁa% H{ﬁl(‘)l((iiés%a)rt
1 1 1 3
2 2 1 1
3 3 2 9
4 1 3 1
5 1 2 1
6 2 1 )
7 1 3 3
8 2 2 9
9 3 1 1
10 2 2 9
13231 50 51 50
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Table 28] A3l WARHOR Mg & A HAg T4 Ao D
o2 AN, =& AL, EAAAA(Hybrid starn)ol thstel ATl shele ol
ALHGE FUCAR TANG AU YIF WARG AP olE Y drf w2
Az QW woh FAFe Dot Hobd + Atk AL T & ATk oL OB AN
29w FFAE ARSI @l el Dolsk @olAy] MBolL He eIl
e RG] AAHA %7 G B AYF Pol: o8 AYY Bt 2 F YAT 4
9o AT 4K F1 AP B ARl FFELE 46D F Aok

III Tabu search® o] &3 Eg2d xgadeo AA

2y A5 FA4 #2287 4% 718 F Tabu searchy 2] 719734 S o] &8 w7
o7 sof FARAE AV 71T gA o «8BE 3, ol F MY FL =2 o
Fgozy Fi FHAHE dojy HAH we 24 HAAEHE 7S 5 e 24y wyoer
Gloverol 2lal 15 7] A28l th[8] Tabu search A @3}7) ojgl & d=& g8l s
of Bl ZEAAE o]Eo] FE oGS BHstn Jlon of Ao yEAHA 24E §7]
o (Flexible memory)2 € < 1t Tabu search® F:83}7] 98 TX4 L84 Tabu2 &, g9
FF, Tabu 54, 8241 55 & + U

3.1 Tabu B& = &4

TabuZ &2 32 olz&A
AsE TabuB o HALS
HE EEo Adste WAooz FAeHo,

TabuZE & WE7] M & o)5&AdS UeE TabudkAol HeHojor st
Table 4% TabugAdd &40 W2 9 AYE etz o o8 712l 4 F (T3)
A TG 1 )E AHEeatd #lef olFo 2 3te] | YAlol U U4 W2 jAA NG
7t Migto g MER o)yt AdETE Ae o

Tabu £4& A
o7 24_/]5]13:1_ A
o] e} Z2HH o] 3|

) Tabu E5o A%® £40] (BA A, 1, 2019 thg Tabu &4
Delstx fonm sje] WBE solzy)

ol %3 44 gAY S4o 2 e ol5PoRN FedE HeHoE YT 5
NEZ sgsolor std dNHon FUeA HEANNE T A4 9 e @
golE3 st WaE OB 2o olFsd AYAIE AQolFol ATh WY o)FH 4
YolF& M2 v BY NF oF S AYelBel Hste] &M WEH A7 W o B
o g gAs7Izt gt BAMel U wHol Aolsel s W YT 27| T
of slol A N5e HetAA & gl
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3. 4 Tabu search A X}t

& #Fo A= Tabu search FdHaE AHBIE AT Tabu search? FHHE= =
5 @AZ U ed 53 gGA= ofgfst 2.

o A1 2738
t Tabu &4, Tabu 559 27], €9+F, F52dE& A%
o M2 T3 Tabu EE2L v YF

271808 T4 @8

G@A 2ol A4
AN B o)F Wyl Fd o) E AN

WA 3 A A R Hdse +A
P 2dE olxd F Tabudelel &7t oldAY Tabudelel slgte TabuB o slurl
g o € 2Aad o] g dAsz Fu AAde dAsie Ydsg v
3t @Asst HAMET d& o E9FES HEn d4E JHH92 2o

@A 4 Tabu 559 434
2 B4E 5SHE Tabu Z5o) 1Sstn @A) A5t TabuB 2R 29 7
% 9AH AR TabuZ S #7} AAlgoh

GA 5 FR L drE
©F8 Zzlo| WEIH Tabu search® £E38l1 8 270 22 ¥ow ouApRyg v}
A} wrE g}

= A2 4¥8E Fstd £834A 2718E HAHS I Tabu searchet EFAFAGHS A7t
# #o] §&SHAA vl EX%ch a3 FAPFo) FF4Y AL 2de FH BF3W A
F, FE Nt @49 Aol Tabu search® AM83le HAA|zte] Ao B4 E T3}
nap ok 2 dFe] Age] Al4% Tabu search, Hill climbing heuristic, &1 zeoj& 7
e TE2OPL C++ AolZ Z2aY A EFHTFAYEL o4 HHo FYeMds 7
3t AL Lindo package® ©]-&3lgen Aol A9 Computers Pentium 166MHzo)t}.

4.1 27189 vinEA

£ oA = Hill climbing heuristic®] 3¢l EFASFA LY HE slo] g4 =13y £
PAlzrel FRAA bl Astuxt @k 28z B Ao Al8H o Bard2? o3 A&
3t7]2 %t} Hill climbing heuristicsle 2zt &4 Z7|si& Zelstod 208 A Az
HME Abg3lam o] 2sfe] LAl E 500, 1000H LA o]SHHL WHES R
gt Table 3© ZF &d3e EdAFAEE 19 Hill climbing heuristicsi & wvlmsln
AT} Table 39 Aol Zo] A9t Hill climbing heuristic 312 (HAMal/3 2 8]y x100 4@
Hog T84 FudA vudnd ECASAE ol%sllE 500 WA= 97.6% 1000 =
AAE 976%9 3&4E 98 & A A AFQFE ZF BRolde FE&HL ¥E £
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ATh A|ZEHQl ZwHol A Hill climbing heuristicdl ¢l EFAFA Y He & vasind &
ArAdEY FgA3E 102 Hedd ke Hill climbing heuristicgl 8] F3AIZFE 1% W
22 £33 Bl X Hill climbing heuristice] Holuo},
B2 & d¥e 7EY A9 g8 28 AAE BFAY2 X ¢33 Hill climbing
o F HA o 2Ae 271 E do] HA&HE g5 A )

ne
o
4 ¢
4

Table 3. T4 A A8 7} hill climbing heuristic®] ¥ 84

Hill climbing heuristic
Integer program
Neighborhood sol number
. L ine
Model| Position Model 500 1000
length
EC 1213121132 42 EC 43 43
LC 1123121321 49 LC 51 51
EO 1112132321 34 EO 35 35
LO 1121213321 41 LO 42 42

4. 2 EgASFA 8 Tabu search® B L&A

2 & Tabu searcha st EFAFALG P & s 287 E0x F3AI%e SdHoA
v A 33zt §@th Tabu search 7|8 A& T3 2 LAYAA Hill climbing heuristic
THE g 2R FAL FEREAL o2E TAMFE FALn TauwEEe a7)e
52 Fon olgsje] A4 1000, 2000, 4000, 6000, 8000, 10000 A3}z 12 37|12
gt 99 2 WHOZE Tabu search® 20W F85td Aol H ML Tabu searchd
oz ARHc 2 Fo 4¥L Bard(illy A& FF&o A2 dto 2l &= 37
FdsE £ F

o & 15702 39 AR AFE 4 BYVPAL 602 3o A=
Table 49 Yel W A=t 4 28 A4 19 4FoA BE /yE &4 749 a9
EEHY 28 BE FAHEAUNA 100%Y £E€S dJT FPA0Y EHAME EFASA
fje] T 6 FL& A E A=Y ECY ARdE EFAFAYHA A% 17406271 &
8¢ vtH Tabu search®] &= o] 232 10000 LRANAL wo & 32 gt

4.3 BAe] BdeA 2H

& Aol FFE Ae9 Ay Aol HAgse HAADY RUYEME FEo A
deol ZmolA de E&E Yol @t
2+ A9 dAlZE Dar-el9 Nadivil5]7t AAN S dstugr] FAdeM EFAE ALgsed 2
JHL 212 T4 JT 2HHE 2do FFE 7Rl HAaHE AFd £ d = {
1,4, 2,4, 1, 2 2 112 & Alo]& F<to] AAEE AFY & 177X ejn Bl up& ztz
o B A7t Dar-elot Nadivi'®e ¥ 48 A3t 283712 33
a8 1 AFFUTFL AAANA A vie} o] 288F(Min)o.2 Fo§ Awojo] £E+ A
kol #Holg 98t 12 Fr|2 3ok 28l Tabu searchd] %271g, £827A, TabuB &9
A7]% Tabu search®t EFAFAYY ] vZEN Agst o] T2 o}
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Table 4. EZRAFAYE T Tabu search® ¥ A EA  (unit / sec)

Tabu search

Branch and Bound
Neighborhood solution number / Time

=
Model|  Position len;‘; Time |1000| Time |2000| Time |4000| Time |6000| Time | 8000 | Time {10000} Time

EC 213213311213123| 57 |174060] 57 | 021 | 57 | 044 | 57 | 088 | 57 [ 132 | 57 | 182 } 57 | 2.5

LC
132311213231213] 68 ]1016.23] 68 | 025} 68 | 05 | 68 | 092 | 68 | 18 | 68 | 245 ] 68 [ 312

EO [313131231213221] 40 [42026| 40 | 016 | 40 | 038 | 40 | 062 | 40 | 052 | 40 [ 288 | 40 | 3m

LO ]111213231312233] 60 |32036f 60 | 026 | 60 | 048 } 60 | 097 | 60 | 1.75 | 60 | 285 | 60 | 497

Table 5. Tabu search 317t (unit / sec)

Tabu search
Neighborhood solution number
Model 5000 1000 15000 20000 30000
EC 3.30 6.53 9.58 13.02 19.54
LC 3.42 7.02 10.21 13.00 20.01
EO 3.26 6.58 9.49 13.34 20.12
LO 3.55 6.44 10.33 14.01 19.58
Table 5% 2 %o ﬁ%% £l Tabu search#l 9] FAIHE VEIWHT o} 7|9 F

Hag Pa= ERASLALY &?3**01 8/Mols BE2 57t 15700lm mde] F7} 67}
AQl Aol A 7T 10’\17\} Ax A#Er} AT Tabu search® 3= Table 59 2ol ol
a2 30000% LA StAew 2t Aol FAAe 202 WGk

adme gae Bl M £ao Wel FEoE A EYLME AAAT AL HHo
F¢A AR EAE NP-hard ZAl022 HHe ge A7 o7 wBo] & AT E A
)8 Tabu search 71%-& ol &3le ANt FQeNE T8 Sk

N

vV.d &

Az avixte) §77 desde g EE A3AMe We Aol 2xHT Tk ols} ¢
e UEE ABANS aeHoR FYs] A B AZ HAAESL shuel gAg o g5l
olg] 7He RS AASE THRY ZUAA $AL AU Aok SxY EFRL 2y
Ao QUAYT EAZ Bsld AAANE HY FLAAY FPFS Weoldon e
Agol Atk Aok B BAPEL @] Aa) Hae P9 AolE AASE TAL Fo
st 7129 2ele) Aol Hastal: AT F7e Aol tsl o] Aol T Hasst
t 5ed BYe AN AT ¥ AA YRR go] AYFo] EYY A%E Y =Y
& AN YA g 222 ¢ AT YL ZYAANN HAFol £HA Aol
el Belel Polg Hasds TACME FaE 424 2L AR

AAze BUdEAME 78 F Ue Tabu Searchﬂ‘?.ﬂ% Ab238l9 . Tabu search’} W£4
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0.44

g V€9 d99 €2 Hill climbing

ZeAd ME GAs] A xVHe X
HE oz2A g Als A ZAE QoA FAE

heuristic’| §& o] &3t Z7|&E 45
F AEZ .

Tabu searchg EF=2E Yol AL A3 o &80l 100% 2AHE &S
R B3] FAAIzre] SHAME 32 olulg wWE FPALT dol| HHo EJEME 7T
AR AR $e] Tabu searche] &7 &4 AHsE Faf & F
A3 2 Tabu search®] 273 MAEA, o W2 s 49
Holl #gt °°‘:117} oty EHRY Y Zgo dFS vAT A2, SuA ¢
e Ho] T& Al HAH st FHH JE AT A ojor & Aot

¢ o

v ooltorfr
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