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The machine-part group formation is to group the sets of parts having similar processing requirements into part
families, and the sets of machines needed to process a particular part family into machine cells using grid
computing. It forms machine cells from the machine-part incidence matrix by means of Self-Organizing
Maps(SOM) whose output layer is one-dimension and the number of output nodes is the twice as many as the
number of input nodes in order to spread out the machine vectors. It generates machine-part group which are
assigned to machine cells by means of the number of bottleneck machine with processing part. The proposed
algorithm was tested on well-known machine-part grouping problems. The results of this computational study

demonstrate the superiority of the proposed algorithm
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Figure 1. Illustration of Machine-Part Incidence Matrix

(Ben Arieh et al., 1994).
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Figure 2. Result of Machine-Part Grouping(Viswanathan, 1996).
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Figure 3. General structure of SOM.

AESS YHHHE dY Wol o]5& I AV
(Mapping)$tth. 2852 1349 Ee 24} F2& AHE-ght:
2839 sle 2E==y S 4 dYHHM R g8 &
Hroo SAd ¢ e AYHE e FRY SE3] &
EAY et A FE AT F AU EHTd 4 ==

o= AFHE 7 AV E

AHZ BE 220 ST BE =B A2 9l
FYEE (9 JYr j Abo]9] AANL AZATEH(Weight)
wis 7HItE AAAEE 27| Q=2 FolA AT fHy
Blof ute} 2 7 15 E Xol thsto] o)s} 7 FAL
g Sl AR *E ARk, ol 4 (2)¢9 2ol
AZAZ=HE L AHHE Ato] o] Az D E Atete] 71 =
o zYrcE Jor

Wiy )* 4 -+ (@, —wy, )
i=1,,n 2



1= AFYE o4

w(new); =w(old); + a(x; — w(old)y) i € Ni=(9)
J=1m &)
A7 A N+ (§)E $A=E NoZHEH 575 Bl o] %

e itk

SAEE9] ¢} ol 94X 8 =EE o] {neighbor) o] 2} 3}
= 7 AU E Xl thsho] 0] 29 W9 59 FE a0< o
< 1)E FAATIEA o] 29 W97t A== A4l e] 2 w7t
A sAEES T o] 2o} ARG EES 4 (3) 2o] 243
t}. 371904 wold) e 2A7] o] ABZEOIT, w(new),
229 39 dAR Tl

358 ot YYHE L 712 AZBTEHE 9] 2ol 5
ZA e Mg geo] A Fd whel Zojuzit) Yuky
o2 grEo] UF AW A= 8ol HA &, Y- o
™ shra] 7o) @8 AdTHKohonen, 1984). SOM 2] 8H5 &1
ZEe

al

3 2.

Az A
A2t2:
A3 ¢

43 4: e SAwES
A3 s St ol wheh AAREE A (3)3} o] A A
A3} 6: 0] %:0) W9lo} GBS BANTIUA o]%e] Wiz}

2 W7 A 20 AR s
7R R,

3. Al gaEl

B2 Ao = S0MY E8FL 1Yo R TEdA7|aL &
et 5 JEWEY 83 242 £ S JEuY
Fme TRl 2m o2 Sttt o] o} B2 SHEE = 7] E
Hi} v sl FAES BF AgS 295 ngo g 243}
Aok GEHE 7k m, 1.5mQ Aol e 28T
o t-gshe YEWE Y A 7F Al et HAHE A
Ao YEAE 7k 2m, 2.5m, 3m 0] A 0]
o} 2o AAS BASHA B3 Gt et 28 e ¢

o9 M Sre] Aste] 4PH FFE P 7] o]
492 Bl ARG HHEE 2719101~ 042 33,
sterol WAl Tk (1 -rRMEE ZAUTIHE ]I
£ W), RE F WES2A) AU 29, o5
M9lE 270 3959 RE wES ¥ Shol 13
ute} o] 29 9IS SLbA Zoluh phA Tl S

%3 A AHESHESOM] 4
g ge

el

oot

ol

il

frt

-l
o

o

re

=

o
v .0 ) Ao A A<t YulkEQ

7|A-HF 21F 394 177

B AFdA = 7IAE 134 S8t 283t= SOM=
TS, 1 AFE o] %3 7AE Aol fEEUd A
£ AU 2 ste AH S st dateil 714 155 34
gtk o 9] 848 7t HAVL HES FEES A EIN 7]
A 2go] SO H N 7 A 5SS 9T 5 Sk

A2} 1:SOM) PELE S REF 5 po} 21, Y EHE
AR gtk FE=E FE 7 AUHEmS T el 2m
o2 gtk

A2} T AR 7)1A 17 1+1 Abold] f-ZE Y A DS
Alibeket

A2 3 A 2 v d ALlgelM 7P 2 A& Lot
o 714 25& 4% e EYU At 2
Fole 25 2elste] F A ol 714 25

AL 7oA A 2F WEE 7)AuS
A3} 4: 3t} A 2goIA $18) HPHE RELS 1)

B35 % 7Y ool 71 2FAIA AelHe BES
o9 84e] $7} 714 AL 71 25 2Rl 7]
A-SE 15 B

A6 YA E 7 ARE 15 GFE ANAT

AR OF 5 g A ZAA719N AehE 25 ol
Eget A o o4 GFE A A R w7 A3
3041 671 2 Wk,

4. | 4A

Ben Arieh et al.(1994)7} A A3 10t 9] 7] A9k 127] 9] & o]

A= <Figure 1>9] oAl thate] AlQtele dargss 48

ot o3 2ok

A2} 1 B oA oA AFEH SOM TZ = <Figure 4>9F 20| Y
HrEet 2Yer 7} 2474 12, 200t 2 E 5

APFE 71A19] A4 & <Figure 5>9] A& = A4

(Sl 4] olel 2)9F 7201 4, 5,9, 6,8, 1, 10,7, 2, 30|tk

Input Node (1) , ©, @
Figure 4. Suggesting structure of SOM.



178 Jong-Sub Lee - Maing-Kyu Kang

A2 2: 71A 13 1+1 Aol €} #2EH S A= <Figure 5>
LEZ =Dt

parts
1 2 3 4 5 6 7 8 9 10 11 12 D[
4 1 1 1 1 2
5 1 1 1
9 1 6
6 1 1 1 1 1 4
machine 8 1 1 1 1 1 1 1 4
1 1 1 1 1 1 1 1 5
10 1 1 1 1 1 1 6
7 1 1 1 1 3
2 1 1 1 3
3 1 1

Figure 5. Order of machine on output node.

A2} 3: ZF 2Hxsd E 1A 3 1+1 Aol fEE YA A
2|7} 714 2(Ds=6) 7141 9k 6 Atol, (D=6) 714 102 7
ALl & H&Hslo] <Figure 6>9] A3} o] U0 (4,5,
9),(7,2,3), (6,8,1,100= 22 71 A 1§51, 2, 30|12} gk

parts

1 2 3 4 5 6 7 § 9 10 11 12 D,
4 1 1 11 2
5 1 1 1
9 1 6
6 1 1 1 1 1 A
machine 8 1 1 1 1 1 1 1 4
1 1 o1 11 11 5
10 1 1 1 1 1 1 6
7 o111 3
2 11 1 3
3 1 1

Figure 6. Result of three machine group divided by
Euclidian Distan.

A3} 4: 3} 7)A TR0 7 M EE BEL 3 10, 11, 12
£ AR V1A agd 33 F ) o) 7]
A 2FAA A 7%2,4,5,6,7,8,9< 714 1
ol gdste AS TR F3F9 AAE LEF
£ 0 2 o] 5 A|7Itk(<Figure 7> #X).

parts

13 10 11 12 2 4 5 6 7 8 9 D

1 1
5 1 ' 1
9 1

6 11 |
machune 8 1 1 li
1 1 1!

10 1 1! 1

! 1 1 1

[ S O T

1 1 1 3

w o =

1 1

Figure 7. Parts assigned to machine cell(left side of the dotted
line) and reserved parts (right side of the dotted line).

Az} 5 A 4ol A o] FHE FED 4.56,7,8,92 o€
Q20 7 A7 EHEE VA 281, 2,3 o 83
oh 5 73 2o] o8 a ke 57 2 Aede &
Aol wet 71 F30] o et 1F 20 gt

A2} 6: <Figure 2> Viswanathanol| 2|8}o] A|A1H 7] A-F-&
OF ¥4 AHR2A GFE ALYsHE 53%olt) Aletks)
= g s oJste] 343 <Figure 8> 71 A- 55
1% GFE 60%°] T

parts
1 3 2 10 11 12 4 5 8 6 79 D,
4 1 1 1 1 2
5 1 1 1
9 1 6
6 1 1 1 1 1 4
machine 8 1 1 1 1 1 1 1 4
1 1 1 1 1 1 1 1 5
10 1 1 1 1 1 1 6
7 1 1 1 1 3
2 1 1 1 3
3 1 1

Figure 8. Result of Machine-Parts Grouping with three

machine groups.

AALT. N A-RE 259 & Sty 7AYo 717
- BE 729 GFE 5%0)ERE JA-BRE 18 £
Z7MINFIA g a SaE] 5 H A Sk

parts

4 1 1 1 1 2
5 1 1 1
9 1 6
6 1 1 1 1 1 4

machine 8 1 1 1 1 1 1 1 4
1 1 1 1 1 1 1 1 5
10 1 1 1 1 1 1 6
7 1 1 1 1 3
2 1 1 1 3
3 1 1

Figure 9. Result of Machine-Parts Grouping with four

machine groups.

5. 9 At ¥4

K*Grid BlZEH =(testbed)= ol A3 Q1+ Linux
Cluster A|2~81¢1 KISTIY] 802, ¥&-Fatgtu o] 605,
FAr et e} 25 E5 2 uE U EQ AR A28} I Linux
Cluster A|2ES AFA7|E HEY o] A2ZEY o= ANL
(Argonne National Laboratory)ollA] 7§38+ Globus Toolkit 2.4
£ X359 B dpoM e A%y Bty 7 A-RE 1E
4 EAE A= g5 7Kk Grid HZEH| Sof] 4]



Machine-Part Grouping Formation Using Grid Computing

(KISTIS] 80==, X &g st 0=, FAk 8t o] 25
EEE 24 UEYAZ AZ)%T of g} =g 7|0k &
A A2 M & F L3 setr g ShaE, AEHHY $A)=2
AYE FP3A sle H=H HE2 71 Kok Grid H 2
EH =y 9599 vl A Ao 4 25 <Table >3 2-94Th

Ao ALEH FA = 7] =R Bo] QlEHE A2
A <Table 1>9] 147} E-A| o]t} Y&-& <Figure 3>3} 20| 7174
2oL SR ¥ 27 SFES A4 APA R T
 EL2 e AFste @4 71AUNTFY Fouil2m 0.1~
042 3t} o] 2o M= A Fole EEFTY BE =EE X
et & atthrt dherol Rl o) wet shuba FojubrbA vf
Aol & SAEETS T EE AT

<Table 1> 7]& A9} vl st 1470 FA] Tl A 370
o 3l & Aol A Atste o] 43 5 YA 11
ol thejM = 5L e ]S 2tk 53] Ben Arich er al.(1994)
of oate] AAH 10x12 FAl| ti3le] 7]E9] st -4
=4

6. 4 &

& @M= 714 2
ol g3t 71AIE 4

(N ]

< Y4317 flste] 1= AFE S
=SOM& A SHATE SOM S| 4

O

]_

Table 1. GF Comparison without machine duplication

179

< 2= A"l st S5E AEHE <A 59 gt
tE A5 o E A stk SoMe R ARE 4
2 A wl) Y=o X 7)1 A E APd(mapping) Sttt 717
T FYETo APIEA @AY shurt APFET sk 7]
AME o] AV S8 Ee AMSE 7|AIEC] A st F
FEY 7R ol A E A A= et Al 71A L

< Jgstet, ol A8t 2829 71AE Aol
g A} d 9 are] £& Haglele s 55 7N
el &Jste] L EAE o2 AEH 7|A 1Fo Este] 7]
A-FE 15S 3AAS:

A otsl= G 5-S Ben Arieh ef al.(1994)0] 23l A|A|E
10x12 FAIE Z8eH 14719 FA FollA 3709 tisl] 7]&<]
AHE 3 s UHA 1 teiM e 598 sls
Haoh

ARbste gaelEe 719 Wt vl stk
S AHE3HA 7] Wil FEF E EAC 4
SOM 2 85A]7ko] ol A8 He TE AR de
o] uf-5- whg] =3P =] 7] wfEoll AAIZE Ao A etst
e AFHAME SgE, 27 924 E,
B9 A9 22 getvg AFE AT 5 lojA
23 7T 5 Atk

wjy e o

4
L
r
2

o

i
¥
2 8

e

o £ o)

1=3
2

i)

.

AC)

=1
o o A
Ho 1o Jm ok

N/

k]

d

Arvindi, B. and Irani, S. A.(1994), Principle component analysis for

Sizg o . Number GF(%? of GF(%) .of
(machine Source of Problems Existing Algorithms of group Ex1s.t1ng Suggestmg
(parts) Algorithms Algorithm
5x7 King et al. (1982) King et al. (1982) 2 82.0 82.0
6x8 Kusiak et al. (1992) Kusiak et al. (1992) 2 77.0 77.0
7x8 Kusiak et al. (1987) Kusiak et al. (1987 3 85.0 85.0
7x11 Kusiak et al. (1987) Kusiak et al. (1987 2 46.3 46.3
” ” - 3 - 54.8*
8x20 Chandraseharan et al. (1986) Crama et al. (1996) 3 85.0 85.0
10x8 Ham et al. (1985) Arvindi et al. (1994) 3 74.0 77.0%
10x12 Ben Arieh et al. (1994) Viswanathan (1990) 3 53.0 60.0*
15x10 Chan et al. (1982) Chan et al. (1982) 3 92.0 92.0
10x20 Srinivasan et al. (1990) Srinivasan et al. (1990) 4 100.0 100.0
16x30 Srinivasan et al. (1990) Srinivasan et al. (1990) 4 68.0 68.0
20%35 Carrie (1973) Kaparthi et al. (1992) 4 75.0 75.0
24x40 Chandraseharan et al. (1989) Kaparthi et al. (1993) 7 100.0 100.0

40x100 Chandraseharan et al. (1987) Kaparthi et al. (1993) 10 84.0 84.0
(— : None produced from existing experiments, * : Superior to the result of existing thesis )



180 o] 54

evaluating the feasibility of cellular manufacturing without initial
machine-part matrix clustering, International Journal of Produc-
tion Research, 32(8), 1909-1938.

Ben Arieh, D. and Chang, P. T.(1994), An extension to p-median
group technology algorithm, Computers and Operations Research,
21(1), 101-114.

Carpenter, G. A. and Grossberg, S.(1988), The ART of adaptive
pattern recognition by a self-organizing neural network, [EEE
Computer, 21(3), 77- 88.

Carrie, A. S.(1973), Numerical taxonomy applied to group
technology and plant layout, International Journal of Production
Research, 11(1), 399-416.

Chan, H. M. and Milner, D. A.(1982), Direct clustering algorithm for
group formation in cellular manufacturing, Journal of
Manufacturing Systems, 1(1), 65-75.

Chandrasekharan, M. P. and Rajagopalan, R.(1986), MODROC: An
extension of rank order clustering for group technology,
International Journal of Production Research, 24(5), 1221-1233.

Chandrasekharan, M. P. and Rajagopalan, R.(1987), ZODIAC: An
algorithm for concurrent formation of part-families and machine-
cells, International Journal of Production Research, 25(6), 835-
850.

Chandrasekharan, M. P. and Rajagopalan, R.(1989), Groupability: An
analysis of the properties of binary data matrices for group
technology, International Journal of Production Research, 27(6),
1035-1052.

Crama, Y. and Oosten, M.(1996), Models for machine-part grouping
in cellular manufacturing, International Journal of Production
Research, 34(6), 1693-1713.

Gupta, Y. P., Gupta, M. C., Kumar, A., and Sundram, C.(1995),
Minimizing total intercell and intracell moves in cellular
manufacturing: A genetic algorithm approach, International
Journal of Production Research, 8(2), 92-101.

Ham, 1., Hitomi, K., and Yoshida, T.(1985), Group Technology:
Production Methods in Manufacture, Kluwer-Nijhoff, Boston,
MA.

Kaparthi, S. and Suresh, N. C.(1992), Machine-component cell
formation in group technology: A neural network approach,
International Journal of Production Research, 30(6), 1353-1367.

Kaparthi, S., Suresh, N. C., and Cervany, R. P.(1993), An improved

7

neural network leader algorithm for part-machine grouping in
group technology, European Journal of Operational Research,
69(3), 342-356.

King, J. R.(1980), Machine-component group formation in production
flow analysis: An approach using a rank order clustering
algorithm, International Journal of Production Research, 18(2),
213-232.

Kohonen, T.(1984), Self-organization and association memory,
Springer, Berlin.

Kulkarni, U. R. and Kiang, M. Y.(1995), Dynamic grouping of parts
in flexible manufacturing systems: A self organizing neural
networks approach, European Journal of Operational Research,
84(2), 192-212.

Kumar, C. S. and Chandrasekharan, M. P.(1990), Grouping efficacy:
A quantitative criterion for goodness of block diagonal forms of
binary matrices in group technology, International Journal of
Production Research, 28(2), 233-243.

Kusiak, A.(1990), Intelligent Manufacturing Systems, Prentice Hall,
Englewood Cliffs, New Jersey.

Kusiak, A. and Cho, M.(1992), Similarity coefficient algorithms for
solving the group technology problem, International Journal of
Production Research, 30(11), 2633-2646.

Kusiak, A. and Chow, W. S.(1987), Efficient solving of the group
technology problem, Journal of Manufacturing Systems, 6(2),
117-124.

McAuley, J.(1972), Machine grouping for efficient production, The
Production Engineer, 51(2), 53-57.

Sandbothe, R. A.(1998), Two observations on the grouping efficacy
measure for goodness of block diagonal forms, International
Journal of Production Research, 36(11), 3217-3222.

Sarker, B. R.(2001), Measure of grouping efficiency in cellular
manufacturing systems, European Journal of Operational
Research, 130(4), 588-611.

Srinivasan, G., Narendran, T. T., and Mahadevan, B.(1990), An
assignment model for the part families problem in group
technology, International Journal of Production Research, 28(1),
145-152.

Viswanathan, S.(1996), A new approach for solving the p-median
problem in group technology, International Journal of Production
Research, 34(10), 2691-2700.



