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An Optimal Solution of Machine Cell Formation Problem

Seong-Hoon Choi

Depart. of Industrial and Information Systems Engineering, Sangmyung University

In this paper, machine cell formation problem is discussed. To reflect precisely actual manufacturing situations such as

routing sequences, production quantities, and machining (or operation) characteristics, a new network presentation for the

problem is proposed. It is formulated as a simple 0-1 quadratic programming model with linear constraints. Then, the

mode! is converted into a 0-1 integer programming model using a variable transformation technique. Lastly, some compu-

tational results are presented.

Keywords : Machine cell formation, 0-1 integer programming, Network

.M E

3% " 2= A (group technology)= AEI AZ =
2Azd WAS e FAMES AU &&stuzt
e Az Astolth 714 218 A A (machine cell
formation problem)= IF HAE# A o] FHe= E

1A 2% B4 A= oW Kumar ol 2|3
o] 23 V|E A (weighted bipartite network)e] 23+
2 FdExn FA g 0-1 23 wAy AF =3
AAEATHT. 22iv AAG Az FEe 7k
YESIR Fgs] gAd & glon; 5434
A wMdgolgte $AE et Boctor|l, 2] 0-

Aol tH11]. AT =83 3 APAY 78S AN A,
714 2% 34 EZAe 2 2422 A3 ohekdt  BoctorZh AAIE 0-1 A4 AE RFPo] 7] x3ske] WonT
W] 712e B A7t Ao} Skrhs] AF7MA Lee[9]dl o3 Z9 ©A] (routing sequence)} WA HE
AEE AFE F oz updard FAM Alg whE,  wrgdslke 01 AEAE 2go] AAEAD
25 71 by, BE oy dy F 3E g4l 93 B A= ol ATES HAANA Y <A,
Wag p-Fgt B3, 23 wdy By, MY 2y 5 AN JAEE ) 4 59 A4 Az des
Fa 2o o3 Wyjog FRE £ gtk T HAE e 01 AFAY 28 AN 7
8 2o o3 WS HE31H, Boctor[117F A|F A, 280 71A 1F Aol olEHE AT mHs)
3 oube} o] 714 2FY AVE AT £ dn A 7] AP AR vEYa ¥ S AT
o] Ar|7k AA 4& B9 AY nygo] dis e A a1 33 A westd YEYAR ¥3l9 714 2
AW AZEY o] HINAZ ol&stH LA HHsE F FA EAY 0-1 23 vHdY 2F L AN stz D
T& ¢ Jong B Az | Byl o 3 e wd WS H8sle] 23 u|AE Fele HHg
HE AAsnA 3o ' FE Aygoz wWasle (-1 FAIYE ol &5 F
£ =22 Auisha 20043hd s muldTe] A 9Jste] AFHUL.



A A e

2. 77 28 M 2x9] YEYT EH

2.1 0|2 HESRT &2} 1 ¢

lo
de e
)
]
kel
sl
7K
N
)
g{é
il
AC)
>
oo
i)
2

6. <Y 1> 7A-RF BAS BdEE 02T YE

429 dojrt.

JHA

= I
T 0

<33 1> o|2E HIERI o

(b) 7]7;” 1% /\]—O]‘O,] 0]%%}: = 4

© 717 2% Fole) olEe = 20

<38 2> 7|4 a5 oI5l #H

o

Ty o2 VEYIE AY &4 ARE Ed
Z Q7] o] 9] <ad 2>o4 BE npe} 7o
7t o]'5 Hinter-cellular moves)S AAHET} ¢ A A
d3le A o] gtk BF X9 Ak 20 @9jojn 7]
L k8 AHESte] AAE T J1A s b TEE o
&3 93, A k= oe IFd Atk 744
3zl olw) Zgjo] o]fofAE ATt 4 4 40 A
<29 229 @) €M7t 4 & J A< 29 (b))
aF3E o)F o] Aolatt o]BY VEHAFE o83
d, ¥ M AS BF <a¥ 2>9] ()9 Zo] B3 H o
T o5 Ho] FYSHA eES & § Uk

=51
B

o)

Y
o
—_ o~

22 22 UEQA #H

oy 7tA] BFol tge JAE T3t AAHE A
3o thAE FA E(multi-product process chart)Z 2 &3]
F8E F AUk <E 1> HAF FAEY 1 4]
o <E >0 J|AIS BEAelY 552 <Od >3
o] Mol sle VEHIAZ #F S

e
¥
30
i)

< 1> CHIE SE=9 o

JI]IHI% ! 2 8 4 5 6
1 ®
2
3
4 @
5
6 ®
7
maz | 20 | 15 | 20 | 10 | 10 5




214 28 88

<38 4> o

~2E 2Ue WET B8

olA A7 i FWE vEAZE &V, H A
V= EYA @9 dy T3 (vertex)d) L £ HE
e B(edge) ] vebdith s A
FajEtAel 7|4 18 Aol B A EHolmg o

Q) = 2] o)
)‘}\1— UE\ﬂLE

c
?E}H}—El%y =V (&, e 714 2§59 9ol
2,05 & el et Vin V=g & BEse
Vik12,.,0% 73 Aotk

AT 9

82 g8d= A4 2§
2] Eﬁil:% he 0}7] Ae) B

fS ORE ¢o AQ ENAA AA & 7 24
nAol dgold Yeph= 8%

Qi 1A 9} j Alolo] o5k

L 77 g $ake oA ulgs) sk

U 7oA agd S8ks A g e
% L< U)

5 ulAsKelldA AuEIE ) 74 A8 %

T AsketelA A ) A A8y 5

sawﬂ Mg A Qe Sk 7)A(E)

&te A3 (s=1, 2,..,9
15te] &sbe AAS)Y W

&
o
rjz
>
ht
o
Ir

<
S
53
2
o
ot
el
)
IIN

1 ifi e Viandj e V,
0 otherwise

{1 Vo, c v,
=10 otherwise

71A 2 j Aol s
oA & < Sl uish 2ol

ol5% Uye <1¥ >3 <1 4>

chesh o) AN 4 glvk

N
i — Z 1'34' . pq .......................................................... (l)
g=1
I 3 (p)E FASHE VA & U 2R A 2
Sl A
nE A% Vio $3le "eEE 27S g1 =



10 )

ojEE (/] HE UEHIY &I olsHY FH,
Z 714 2F e o)== (intra-cellular moves)S o}

o} g

C
E Z a‘z‘j < Ty - xjk .............................................. 2)
S

k=1 (i,5)

428 4 2% (@
Y Aelel ol5de Hadt s ol »
A Fiol

VYY) TS 3

1
ML (R,
-
1o
Jig
-
flo
g
o
o2
=
l m

a, o122, 1A 1% Al

i E Qi * Ty s T (3)
GHeE = =l

agd), A4 A A g2 Aoz, FAE
F U5 o] deskd £ o

oA, % mde] E£FD Akel sl Botwsz
doh WA, 24 AA@E s R dEadw
Egslolop stz ofele] Alekxol Basirt shAnt.

e 214 ol 2T
282, 7|49 %o
og staAe ARAE 2= Aol gelHolnk

AFFHE 714 25 4% Ao
b nysEr)|2 Ak A e 7
& 7A ag FaAME & He
&E}. EF 2 WR 71AE Ateldl o] F
rolz Y] EAA EA3 180 ZFA
= EAE A0 AR g 2ob ¥

)
o X
9, lo nx

X
i
of o 2

Y
. 2

82 4 o 12

< "33 7A Rger FEu FAE g VA A
Folzta %‘«E 712 @k WA, wiAg 74 Aee 1

—

dotRz12 o HRE 714 [
IAEL TY9F 7)1A a5 28
4

AE o HEz, ofdgh BL A o)ste] w3
39+ o
Tip = 1,k=1,2,...,,C,
ie VXS ....................... (7)
s=1,2,..., 8

VA, A2 A Al G AR ol o
Ay VO &3e BE 7 o) 23 Vi &
8}]0]: 'E?J'E]‘E Aokg o o}a}]g}. e Xﬂ".}:é]%—%

FEY 5 ek

=

& }L,

(St T T Y ®
k=1,2,..,C

C

Eztkzl) t=1,2, | T (9)

k=1

el BATrs Ak (AN OAE o183,
< A= olgle P17 2 AA3 =Y

< Agg vie} 2ol 2
oz Q3 JIAE Ateld] uxlst Aoke
G B8k 714 Jgte] Z1AE Abold
Z 579 olFFHE /HAE 7MY 28 wSishd, Al
2 ( H3A| RFIAME VA 2F P EAE B

B4 1
e

A AR o1, Al 7A 4 4 283 k7t vst
ZIAE g 7+ %H =, VX,={i, ], k}. 231 ]
ZIAE Ateld] olF&E A7 -ay -ay, -Gy (B, 97
M oa;=ag= ay > O)E}Il_ 3E, vX,= <ag 59

2o) 58Y F gonE, FAHOE A% ()& £4

A ol wjHs} 71A A A%e ) By %
A4 5 glek.
[P1]

Maxz R (4)



1A 1F B SN 2E0) 11

s.t.

e
&
o

Ty, zgg=00rl, 1=1,2, ...

=
H1
b1
.S"_\L
[é:)
2
19
. M 2> rf

ZAAEelE L 7HAEAL
o 1A Aole] olF e 7z
Qy, Qg O (', "37 A ay=ag= ay > 0)&z 3
R, Vo= <ad 63 o] 388 5 goug, wA
Hom A%y ®)F OF 29 @olE A2 717
A A%S 8 2P0 XFAYE 4 Yok

A

VOt Z .7}

<38 5 VX.o 4 EHT HH

<38 6> VO YEST #¥

Ty + zy=19 %3%%L5<_7§_% Ty
oltt. oA,  ym= - TpFR &AL 9
Ty = Tp=10]9, ¢;> 00822 EJFFE 3} 3}
71 fAdiME BEA yy=1 olofop gch WA
2 - Ty, < Tp+ 2 T AGNCE EYsE, [P11Y
ST 23 F Ty Ty T Yy B AAHZ [P
< otdfe P2z WHE 4 9

[P2}

s.t.

zk’+wﬂ€7 k»—]. 2 C,

(13)
for all(z,g) e F

zz=00r1, 1=1,2,..., M,
k=1,2,...,C



12 |

PET T s (15)
forall (i,7) € E
[P2)= [P1]%} FE3HR [P2]S &9, [Pl]o] izt
AsE T+ Aok [P 0-1 FF 7415‘ TAlo| B2
BAGAGY 52 AGHoz F 4 k.
4. ALt Znt
B AFAE [P2]9] 0-1 AFAE EAE 7] f8
u]Z LINDO A}2] LINGO AXZEg o] #HI|XE L3}

2t} LINGO= 0-1 A543 242
A 7123 siHES Hgsta rh

£7) 992X

(1A 1) ofg) <2¥ 7>9] 15 f 7|A2 FAHE 24
& 2|2 gk 7 71A 259 V1A Sl i &
x| A7t 242k 33} 60|, J1A 2F 7} 39]
o &, (LUO = (3.63)°]th

oA 19 EAl s HHNE oY, 485 G
olme] 714 2§ Aol o|BHL 8.0 Wslolm, 7t 7]
A 1F (58 YEAF)] <1 8> *“‘19401 ATk
2 GHz £%59] el IV PCE o] 8 A, %22 A
wo] A Azke] 2agth

& o B EAdd d3 A AnE dolrr] 94
Groover[10]9} A Ao A7lEe] 9= 7]A 23 o,
20 JNe] 71A-5-F 38 (<2d 9>)o] 7]x3}e] 15 7]M
Fulggnh 2dd <ad ot 2] £N9%
A ARV gty & dFelAe ZF BEo] Aitge
RE 1 B2 7Y sgon, A e TR @
A AA o] &3t

T’:‘a

<33 7> 15 o 714 28 "M 2H]

. T &
ABICIDIE FIG HI I J'KIL MIN O[P'Q/R[SIT
x] Ixdxlxcex] oxD 7L Ixoxx x| L [xlx
2 x| x xox! Ix |
3| x Y S R I Lolxoxix

4 X oo ox] T

- e ; xi x| | X X |

.8 » SxL X ’

7l Ixl X XXX X X

o8 L] x| .x - |

9 ; LN S ! I ‘

' 10 | X x X X, X Lolx
T 11x x| Ix - X ;
Nl foxd o ox Lyl e x L [x

T13 Ix Lx | ;

ctal x| T e T

Cas{xdxdx] dxexl x| P Ix x|x IxIx] Ix

18] | : x| _xi 1 x ; X

7] ] X x| ] |

18 X | X i X _ X x| x| x

19 X L X X4

20 l ! Ixx X

21] x X X i X

22| x XX I x X| XX X X X

23] x x| x| [ x

<33 9> 7| -5F ¥

(LUO = B,152)2 AL o, 15 7| &A 474 dig
HAsok 248 A8 ARbe] dig AFr} <E 2> A
ol ok Fauz 71 2§ 28 A 23 3 JAE
FoAA 714 25 19 ZIAES AYE ZAER 74
"ok 1A 2§ olEHe F ole® 93 @A
(P2] &A8 EA%F e W goldh AAHE T317]
el 52 ~ 35x% HLo Azte] £8HUT

Kumar(7]7} A& g uie} zro] [P2] &A= €4 NP
Aol &, wHCIANY s 59 7t Sl o
2t 0-1 AR WY JRart FASH F718HA H
HANE Fokr] A A= 3] E7kstA |k 1
gy FEF 22 ¢ EAE & ATelA AN [P2)
wygoz HAs A7+ oyl 5]7@3}]2 78 £ e
Aoz Alg®v}t 1=, King[5]17 Gupta[4]8] =T



I I8 B8

AXE S 43749 REH 16t 714 BA F5
[P2]2 233} 3d 280709 0-1 9AtAx w47 €.

atm, ol HHsE a7 A oF 7729 AlRbe] &
f:R2)=1
5 B
ATFAME 1A 2F FA EACAA 7IA aF
4%4 olgHS Hdx AFd Uetd F e HERE
HEZ 28 Wi AAATh 281 &Y 4,
B, J|AE Atole 23 AR Fo HAA Az A
Age ZEAME Bedt 0-1 AeAE 2YS A4
! W O A7IAE o) &sto] HHHE

3
Aig Foto] A s

aqy |28 [ 1A
e lgs|2en A 28 1

== % |z

1 78 15 5,14, 7,13, 9, 6, 8, 17
2 74 19 21, 23, 5, 14, 4, 8, 9, 13

3 75 18 4,8,9, 13, 14,6, 17, 20

1,15, 22,12, 5, 7, 10, 3, 2,

a | 16 16, 18, 19, 21, 11, 23

1,15, 3, 10, 18, 19, 22, 16,

5 |77 16 12,11, 20, 2, 21, 5, 23

1,15, 2, 22,10, 11, 3, 18,

6 | 77 16 21,17, 23, 4, 12, 19, 20

1,10, 11, 15, 3, 22, 5, 12,

7| 80 | 13 16, 18, 21, 23, 2, 19, 20

1, 22,18, 21, 3, 10, 2, 11,
15, 16, 12, 5, 17, 19, 23

1,15, 18, 22, 28, 3, 2, 11,
10, 12, 16, 21, 19, 4, 17

1,10, 11, 15, 22, 23, 3, 5,

01 74 19 2,12, 16, 18, 19, 21, 17

1, 11, 12, 15, 10, 22, 16, 3,

nmpo 19 4.2, 18, 19, 21, 23, 17

12 76 17 1, 3,15, 10, 16, 22, 11, 2,

4,12, 18, 23, 14, 17, 20

EM2] 2=l 13

&

Ho

=l

[1] Boctor, F., “A Linear Formulation of the Machine-Part
Cell Formation Problem”, International Journal of
Production Research, Vol. 29, pp. 343-356, 1991.

[2] Boctor, F., “The Minimum Cost, Machine-Part Cell
Formation Problem”, [nternational Journal of Produc-
tion Research, Vol. 34, pp. 1045-1063, 1996.

[3] Chandrasekharan, M. and Rajagopalan, R., “An Ideal
Seed Non-Hierachical. Clustering Algorithm for Cellular
Manufacturing”, international Journal of Production
Research, Vol. 24, pp. 451-464, 1986.

[4] Gupta, T. and Seifoddini, H.,
Based Similarity Coefficient for Machine-Part grouping
Decisions in the Design of a Cellular Manufacturing

“Production Data

System”, International Journal of Production Research,
Vol. 28, pp. 1247-1269, 1990.

[5] King, J.,
Flow Analysis:

“Machine-Component Grouping in Production
an Approach Using a Rank Order

Clustering ~ Algorithm™,  infernational  Journal  of
Production Research, Vol. 18, pp. 213-232, 1980.
[6] King, J. and Narkornchai, V., “Machine-Component

Group Formation in Group Technology”, international
Journal of Production Research, Vol. 20, pp. 117-133,
1982.

[7] Kumar, K., Kusiak, A., and Vannelli,
of Parts and Components in Flexible Manufacturing

A., “Grouping

Systems”, European Journal of Operational Research,
Vol. 24, pp. 387-397, 1986.

[8] Selim, H., Askin, R., and Vakharia, A., “Cell
Formation in Group Technology: Review, Evaluation
and directions for Future Research”, Compufers and
Industrial Engineering, Vol. 34, pp. 3-20, 1998.

[9] Won, Y.
Formation Considering Operation Sequences and Pro-

and Lee, K., “Group Technology Cell
duction Volumes”, International Journal of Production
Research, Vol. 39, pp. 2755-2768, 2001.

[10] Groover, M., Automation,
Computer Aided Manufacturing, Prentice-Hall, Englew-
ood Cliffs, NJ, 1980.

[11] Ham, I, Hitomi, K. and Yoshida, T., Group Technol-
ogy, Kluwer-Nijhoff Publishing, 1985.

Production Systems and



