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ABSTRACT

This paper proposed a new evolutionary approach to sequencing problems in Mixed-model
U-lines (MMULSs). We consider two objectives; which are setup times and absolute deviations of
workloads across workstations to be minimized simultaneously. This type of problem is also an NP-
hard problem. Therefore we proposed Combinatorial optimization with coincidence (COIN) to solve
sequencing problems in MMULs. They compared the performance of COIN with that of a Non-
dominated Sorting Genetic Algorithm Il (NSGA-II).Our experiments bases on the same dataset of Kim
et al. (2000). The result shows that the Pareto Optimal performance of the COIN is better than NSGA-

[I'in solution quality and convergent rate.
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1. A1 (Introduction)
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WMNNZANNINNINANEN1TUTENaLANHUI&UR TS 1139 Straight Line ieaannanniiauaes U-line axiinng
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Line #3119 7911l 1 wuua@ansioest (Model) Winunnelu 1 $aUnNTEAR doudnEnLansnng
Uszneuuuusag muluuiazanifomuanansainldie 2 wuu (model mix) (Fedneiuazdnames)
el 1 98UN9HAR Yeo Keun Kim (2004) vinliifigtluuuaenpdesiuananisdsenauuiunansineg
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absolute deviation of workloads) el CoA wirauiisuiu HA Tmﬂﬂn‘yu’mm Thomopulos, Kim Lhag
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Figure 2. JIT production on mixed-model U-lines
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Figure 3 Updating the generator
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muﬁﬁa‘ﬁiﬁﬁwmimm@mLLﬁﬁmm’meﬁﬁﬂ Yeo Keun Kim (2004) 7131 2 tleyuuaziszenst

whtfoymawnalunjaruou 2 tym uazansnsatmusmnfimesAnaadeaiunisld NSGA-Il uaznns
dszgnslld M-NSGA Il lunsudiloyminiadnandunansinet anaddasainanaldainiseegnsdnig
'afamLmumimmmﬂwﬁmﬁuwudwﬁwqmﬁLmﬁ'ﬁNmm’ﬂmimﬁﬁmrammqﬁﬁmﬁﬁﬁm 0.05 faid
NSGA Il 1. auaLlszannslunimaaes (Population size): Pop Size = 100

2. AUaUN1938L TUNNININIMARBIgI4A (Maximum generation): Max Gen = 500, 1000

3. Arpnnnnaziulunisasaalaies (Crossover probability): Pc = 0.5

4. Anannuthasiflufiomdy (Mutation probability): Pm = 0.05

COIN 1. 2uadszannslunimaans (Population size): Pop Size = 100



2. 21u9UN"1398 L IUNN9IMINNIMAARIEI4A (Maximum generation): Max Gen = 500, 1000
3. Anslisedaviranisasinie = 10% dmiuiloymlieidas Yeo Keun Kim (2004)

uaz 15% dmsuilognauialugy

Problem No. of models MPS

Kim2 4 1345

Kim3 4 6421

Kim5 4 1345

Kim6 4 6421

Arcus2 5 53211

Arcus3 5 12458

Arcus4 5 14831

Arcus6 5 53211

Arcus? 5 12458

Arcus8 5 14831

Arcus10 5 53211

Arcusl1 5 12458

Arcus12 5 14831

Set 1 10 5531111111
10 4442111111
10 6521111111

Set 2 15 2525201551111111111
15 1515151010101054111111
15 777777777766666

Table 1 Experimental Problem in Research and Large Problem
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Figure 4. Show Solutions test problems for comparison algorithm




Problem set Performance Measure NSGA-II COIN Problem set Performance Measure NSGA-II COIN
Convergence 0.0151 0 Convergence 0 0
KIM 2 Spread 0.7829 0.7195 Arcus 10 Spread 1.0212 1.0212
Ratio of solution 0.6667 0.7778 Ratio of solution 1 1
Convergence 0.0307 0 Convergence 0 0
KiM 3 Spread 0.5321 0.5726 Arcus 11 Spread 0.7368 0.7368
Ratio of solution 0.6667 0.7143 Ratio of solution 1 1
Convergence 0.025 0 Convergence 0.188 0.1929
KIM 5 Spread 0.5721 0.6432 Arcus 12 Spread 0.5256 0.75
Ratio of solution 0.3158 0.5 Ratio of solution 0.5 1
Convergence 0 0 Convergence 0.3423 0
KIM 6 Spread 0.4266 0.4266 Set 1.1 Spread 0.6261 0.6675
Ratio of solution 0.6923 0.6923 Ratio of solution 0 1
Problem set Performance Measure NSGA-II COIN Problem set Performance Measure NSGA-II COIN
Convergence 0.0127 0 Convergence 0 0.2965
Arcus 2 Spread 0.5463 0.5486 Set 1.2 Spread 0.6953 0.507
Ratio of solution 0.8 1 Ratio of solution 0.8462 0
Convergence 0.1779 0.0756 Convergence 0.4033 0
Arcus 3 Spread 0.7833 0.5425 Set 1.3 Spread 0.6135 0.7118
Ratio of solution 0.75 0.8 Ratio of solution 0 1
Convergence 0 0 Convergence 0.1931 0
Arcus 4 Set 2.1
Spread 0.7575 0.7575 Spread 0.613 0.6174
Ratio of solution 1 1 Ratio of solution 0 0.8571
Convergence 0.0158 0.0194 Convergence 0.4774 0.0713
Arcus 6 Spread 0.663 0.6917 Set 2.2 Spread 0.5873 0.7785
Ratio of solution 0.7143 0.7143 Ratio of solution 0.0714 1
Convergence 0 0 Convergence 0.1144 0.004
Arcus 7 Spread 0.553 0.583 Set 2.3 Spread 03071 | 04993
Ratio of solution 1 1 Ratio of solution 0.1 0.9474
Convergence 0.1245 | 0.0496
Arcus 8 Spread 06874 | 0.6544
Ratio of solution 0.3333 05

anuan1maaadlagldilsunsay Matlab 14 aanmaniialaas CPU 1.83 GHz./1.99 GB of

Table 2. Solutions a measure for comparison problems
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5. d9luan1snmang

[ '
= a

Tuanideianinnsfun AR aRnTiNdsyansnwlunnsdumnmesiinluilymnisdad sy
mmamﬁﬁumﬂiﬁlqﬂizmﬁuumﬂmiﬂizﬂ@wamﬁmsﬁmmLmuﬁﬂwmzﬁqqlmzuwamLmuﬁumm
wan Tnadiariduinglsyasd 2 dnguscasdlaun L')@ﬂuﬂﬂﬁ‘ﬂﬁlélj/ﬂm??l@ﬂﬁ’aﬂﬁ@‘m IR LRSI ES TN
mszeiiasiign Tae il luenidde Yeo Keun Kim (2004) wudnlssananwdnunisguingdnas
fludiads ANUNIINIEANLIBINGHAIADL ﬁquﬁmﬂzﬁ'fsummf%muﬂzﬁmﬁﬂm@uﬁmiéﬁﬂuMﬁumjuﬁﬂ
paLTuTa3e uazdunanlun19A1ans COIN Aindn NSGA-II ﬁqﬁummmzﬁqﬂﬁdﬂ Combinatorial

optimization with coincidence Algorithm 7@ §anesnuuuy COIN Husz@naninlusrunisgdinlndngs

AFRLNMNNZAN (True Pareto Optimal) Andn uaztialdnanlunislszananainguainaufiteandd

Non-dominated Sorting Genetic Algorithm Il ¥#i388ana3NuwLy NSGA-II ansel

6. LANA15D19DY
McMullen, P.R., 2001a. An efficient frontier approach to addressing JIT sequencing problems
with setups via search heuristics. Computers & Industrial Engineering, 41, 335-353.
Y.K. Kim A set of data for the integration of balancing and sequencing in mixed-model U- lines, 2002.
Available from:  <http://syslab.chonnam.ac.kr/links/data-mmulbs.doc>.

Yeo Keun Kim a, Jae Yun Kim b,1, Yeongho Kim An endosymbiotic evolutionary algorithm for the



10

Integration of balancing and sequencing in mixed-model U-lines, 2004

Kim, Y.K., Kim, J.K., and Kim, Y.H., 2006. An endosymbiotic evolutionary algorithm for the
integration of balancing and sequencing in mixed-model U-line, European Journal of
Operational Research, 168(3), 838-852

Konak, A., Coit, D.W., 2006. Alice E.S., Multi-objective optimization using genetic algorithms: A
tutorial. Reliability Engineering and System Safety, 992-1007.

Kara Y Ozcan, U. and Peker, A, 2007a. An approach for balancing and sequencing mixed-
model JIT U-lines, International Journal Advanced Manuf Techno, 32,1281-1231

Kara, Y., Ozcan, U,. and Peker, A, 2007b. Balancing and sequencing mixed-model juset-in-
time U-lines with multiple objectives, Applied Mathematics and Computation,184, 566-588

Yakup Kara, 2008. Line balancing and model sequencing to reduce work overload in mixed-
model U-line production environments.

(Books) Carlos A. Coello Coello, David A. Van Veldhuizen, Gary B. Lamont. 2002. Evolutionary
Algorithms for Solving Multi-Objective Problems, New York, U.S.A.

(Books) Don Tapping, VALUE STREAM MANAGAMENT



