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A Look-ahead Heuristic Algorithm
for Large-scale Part-Machine Grouping Problems

Jong-Kwan Baek* - Jun-Geol Baek** - Chang Ouk Kim***

# Abstract ®

In this paper, we consider a multi-objective machine cell formation problem. This problem is characterized as de-
termining part route families and machine cells such that total sum of inter-cell part movements and maximum machine
workload imbalance are simultaneously minimized. Together with the objective function, alternative part routes and
the machine sequences of part routes are considered in grouping part route families. Due to the complexity of the
problem, a two-phase heuristic algorithm is proposed. And we developed an n-stage look-ahead heuristic algorithm
that generalizes the roll-out algorithm. Computational experiments were conducted to verify the performance of the
algorithm.

Keyword : Part-Machine Grouping Problem, Look-ahead Heuristic, Multi-Objective Function,
Alternative Part Routes, Operation Sequence, Roll-Out Algorithm
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{Table 3) part-machine grouping problem types

Number of | Number of | Number of
parts part routes | machines
Problem
type 1 10 25 10
Problem 0 50 0
type 2
Problem 30 75 30
type 3
Problem 0 100 0
type 4

B Ao e A A f3d ds v
(random number) 2A4E& o] &3t 20719 EAE
A, o] A g & Ao AAE &
12257 Kim et al.[8]17} Baek et al[l]o] g
2rlES o&steq A FEFA o 23
£ vt

Fo7 ZAE E7) 8 ¥ udEgs 9% 5

2n| Bl (parameter) & the-3} o] AAstgTh

(1) B AFo)A Aetst= n-stage look-ahead &
1Y ES HL57] Y8 0 ATE RF e
25%, 50%, 75%, 100%%= AA st}

(2 B dFdA Agste 2ndEH Kim et d.
(813} Baek et al[1]o] At Y E-S vl
7] 98 4 GnEE o, fE 2= =05
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[Figure 91 Comparison of computational time

[Figure 91+ Kim et al[8le] A& <dxnalE,
Baek et al[l]°] AIAZ gugE, 28u £ 4F
A AAG LduElES o] &ste ZH7e {39
Ao g dE =E3] A8 L8 A AT
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(Table 4) Variation of inter-cell part movements.

Problem | Problem | Problem | Problem

type 1 | type 2 | type 3 | type 4
py 100 | 100 | 100 | 100
o | 120 | 1% | 188 | 182
“or | 1w | 2 | o219 | 20
o | 168 | 251 | 23 | 260
- 275 | 400 | 389 | 406
Ao 2 2 Aol At daFolA e

e} g7t Azt v XE FEFS Y 8} 1 A8l oot
B9l @& HBAAPEA Ty AEAAE ¥
3}%th. <Table 4>k <Table 5> o5t 8 3] ¥

imbalance

Problem | Problem | Problem | Problem

type 1 | type 2 | type 3 | type 4
a=1,
8=0, 1.00 1.00 1.00 1.00
a=0.75,
B=10.%5 0.84 0.82 0.75 0.78
a=(.5,
8=0.5 0.66 0.63 0.59 0.60
a=0.25,
8=0.75 0.62 0.61 0.58 0.57
. 0% | 059 | 053 | 051

<Table 4>9} <Table 5>A H3o| g2l Ftol
AR w2t 71AZE F35te) Apols FopAx, FF
9] Azt olFe AXE & F Utk T, VAL ¥
&2 xol7} FolA& H|ERT F-EFo A olF
o] AAE vl Bt A& ¢ F Utk ol &
oA AF3 upe} o] 71AIZ K-8he] Aolnr} F
F9 A7 olFo] AMEHE YuHFd u & I

2w gEolt
5. 4 &
AT AEEAE A4 1EI3AmE
2t BE ARE 93 9 o, fadl $E)A

AE Hasr) AT look—ahead Fa2H
A A AT

ATl A A A3 n-stage loock-ahead &2
o Azt o]53} 7 A Hate AolE F
g+ 9131, 71¥9 Kim et al.[8]5} Baek
(o] AN gzl &4 dAs
ok =3 DPoE el look-ahead
Ag 4 97 YEd ogy EE-7IA

e HoMo

o riz kI o rfr rle
o
o

o8 > i
oo 2
WS
N

W
X



k]

FEIA 24 EAE

93 Look-ahead Felad dwzE , 53

T A e FEF AN A7 o] 22
dqe 22T 5 St
2% 47 IAZE el 2F) o 2y o
o FEHEA R AdEd F gle Ao tiF
A FEIA 2R 212Fe Adel HL
ks, 717zt B-3ke] Apold] el S AFHHA &
T EY Mgl B,

B3 B

(1] Baek, J.G., JK. Baek, and C.O. Kim, “A
Part-Machine Grouping Algorithm Consi-
dering Alternative Part Routings and Oper-
ation Sequences,” Journal of the Korean
Institute of Industrial Engineers, Vo0l.29,
No.3(2003), pp.213-221.

[2] Bertsekas, D.P., J.N. Tsitsiklis, and C. W,
“Rollout algorithm for combinatorial opti-
mization,” Journal of Heuristics, Vol.3(1997),
Pp.245-262.

{3] Burbidge, J.L., Production Flow Analysis
for Planning Group Technology, Clarendon
Press, 1997.

[4] Caux, C., R. Bruniaux, and H. Pierreval,
“Cell Formation with Alternative Process
Plan and Machine Capacity Constraints : A
New Combined Approach,” International

- Journal of Production Economics, Vol.64,
No.1-3(2000), pp.279-284.

[5] Chu, CH., “Recent Advances in Mathemat-
ical Programming for Cell Formation,” Plann-
ing, Design, and Analysis of Cellular Ma-
nufacturing Systems, Edited by Kamrani,
A K, Parsaei, HR., and Liles, D.H., Elsevier,
(1995), pp.1-45.

[6] Harhalakis, G., R. Nagi, and J.M. Proth, “An
Efficient Heuristic in Manufacturing Cell
Formation for Group Technology Applica-

tions,” International Journal of Production
Research, Vol.28, No.1(1990), pp.185-198.

[7]1 Hwang, H., P. Ree, “Routes Selection for the
Cell Formation Problem with Alternative
Part Process Plans,” Computers and Indus-
trial Engineering, Vol.30, No.3(1996), pp.
423-431.

[8] Kim, C.O., Y. Park, and J. Jun, “Generalized
Clustering Algorithm for Part-Machine
Grouping with Alternative Process Plans,”
Journal of the Korean Institute of Industrial
Engineers, Vol.27, No.3(2001), pp.281-288.

[9] Kusiak, A., Intelligent Manufacturing Sys-
tems, Prentice-Hall, Englewood Cliffs, NJ,
1990.

[10] Kusiak, A., A. Vannelli, and K.R. Kumar,
“Clustering Analysis : Models and Algor-
ithms,” Control and Cybernetics, Vol.15,
No.2(1986), pp.139-154.

[11] Lee, H. and A. Garcia-Diaz, “Network
Flow Procedures for the Analysis of Cel-
lular Manufacturing Systems,” IIE Tran-
sactions, Vol.28, No.4(1996), 333-345.

[12] Selim, HM., R.G. Askin, and A.]. Vakharia,
“Cell Formation in Group Technology :
Review, Evaluation and Directions for Fu-
ture Research,” Computers and Industrial
Engineering, Vol.34, No.1(1998), pp.3-20.

[13] Venugopal, V. and T.T. Narendran, “Ma-

" chine-cell Formation through Neural Net-
work Models,” International Journal of
Production Research, Vol.32, No.9(1994),
pp.2105-2115.

[14] Wicks, EM. and R.]. Reasor,
Cellular Manufacturing Systems with Dy~
namic Part Populations,” IIE Transac-
tions, Vol.31, No.1(1999), pp.11-20.

[15] Won, Y., “New p-median Approach to

“Designing



54 HER - e - RS

Cell Formation with Alternative Process of Production Research, Vol.40, No.4(2002),

Plans,” International Journal of Produc- pD.385-906.

tion Research, Vol.33, No.1(2000), pp.229- [17] Zhao, C. and Z. Wu, “A Genetic Algorithm

240. for Manufacturing Cell Formation with
{16] Yin, Y. and K. Yasuda, “Manufacturing Multiple Routes and Multiple Objectives,”

Cell's Design in Consideration of Various International Journal of Production Re-

Production Factors,” International Journal search, Vol.38, No.2(2000), pp.385-395.



