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A Heuristic Algorithm of Cell Forming
for Efficient Production Logistics

A AW
Kim, Seong - Tae

Abstract

This Paper presents a heuristic algorithm for machine-part group formation considering
part production information (Production volume, roution sequence, unit operation time,
facility size) in cellular manufacturing logistics system. In general, factory space is
restricted within limited size when cells are located. A twofold heuristic algorithm is
developed for considering factory space restrictions of located cells. The first phase is a
aggregation procedure to minimize inter cell movement for satisfactoring space restriction.
The second phase is a rearrangement procedure to maximize line balancing efficiency
between machines within the cell and non assigned machine during first phase. Numerical
example is presented to verify the efficiency of proposed algorithm.

[u——
R
rht

>

o

ERAAYE JAde TRAY 2YUEF, HARH, BUIRFI d¥E 5 o
2LERE AAA L BAFY UL AW Avlol ALY ¥ B S A% TE2 8
A ARl g Pug Toidsel AYol FAY 847 Wk HATHS
Mol &g Hgsstel AFEANE PN, FAol AFo] B4R
o £EOl HEAEE Hoioh ot guhEH AP @AFol Wil ol ol

, =

H, o
A =&
| % 3}
T S AEstn AP YA sl BERE €Ay Yt 2, Asld, n,
TulE, 48 ggHoz wastool o}

YEgrel A&AAE Fol7l HalM: Ad 2 o5 e A, =g 284 Layout,
ALES 5& 2T 224U YAAY, 4R £E 7ATY ol5AYE nF HIg
Lote] A7) Fo] Z2AHQ 247t Aok &9 L olFuye MAXS Hstdi= Fg#ay Y
€ o8 MAE Fdtod FEAY a3 AL F U 181y Layout, AAHAIE, Loto]
A7) §8 B2 3] M 719 wlA 2 FATAHES old wygor si-ike] o
2t 71 g3 2 AolE yekyid

Ho o842 ET 2% ez BP0l AR JAE BE 3948 gy
datn At = FH &L FAA Hote] AFHAEZAGT)IVIEE ol &8 74
A& A8t AE 5288 Aoz s}

e TS A MAEFE aHUA A7 o]F S HASEE slojof &

:L

rBL 2 > 8

E.
Z}
©
&

S ox

* A

W et

O'rJ

Ee i R

H:



ojt}, grkshd wAxX| A AH(Batch Production)& & 2% ®% 4Azg olE3dte 4AE MY
Lot#glo] & Z$ol 2t & AdFdd u ‘.3.1_7J«] 1%—01 o] Fojz|i= Zo] ofyrt
Azre] olF & HiszslHW Lotazl g AASH HAW N &FEALE A WA
YA &S Z7HAAAE Y. ubH o AN *;‘]° 53 e A4se = el Aotz
A Ag wjxstels i EA7E Aol Aot

EApoMi MAEF AN 4 YT o Lot A7)1E g ML ojFE Ha
2 3t A ¥4 Ee AAGEle @k o] difoiME AA A wixe] WHo] Afxziol ¥
o] 7t 7]1Alel A71E melstd A PAo] stedstE AdsA A

Me PAstn FAE Mol BREFS @It o 24 2784 o] e, AMe
REo] Eno A% EFugoltl o] WP E FEol Code¥sg Fogdury 4y H =
W e ¥4 gEe REAAE Y] st FEF FEHE Fob 2 «IU]E st
Agol A AL AFo) YAHE Ao g PRIE Wyeltt F ¥ #9H
ENAE FA4oZ 7AE 289sa ord dAdHE #EE €9ste ““%0]'4.

AAEF Aol Bod Fzo Adel ¥EstEz B AfeAx FAe] My Hsto
Y-S stz g

71E9 ATE Bl g 2L B G4sy] st APgdgol AvHe] Ak

© FFo 47, Al ojFaHY EXFF v &9 Has [7, 25]

@ Adel 717l g&xe Hds) [2, 8]

©® Mz o Ao FE71A wiAe a3} [27]

@ Az olFlF R AgALse Ha3 [4, 14, 15, 16, 26]

At 2& £ ds FHIUA “HE 5o JAE HUYR o] &3 HATY olFo
2 AJYSRE "8 Aol A

d& FPstn FELE At BAE B2 AT A 7HA dgol AEHS ot 2
A thse 6714 WY& ol &3l FAE AA3 A

@ FAHA 4B (Similarity Coefficient Method) {1, 10, 20, 25, 24, 27]

@ Z %9 (Permutation Method) [13, 14, 15, 16]

@ 1Y Zo]lEE o] &3 Wy [5 6, 7, 27]

@ 2] Al 8 ¥ (Mathematical Programming Method) [17]

® Expert System$ o] &3 43 [19]

® 71 e (2 3 4, 21]

Gupta®}t Seifoddini [11]F o) g3 ARAR (AL TAFAH, G)471FAHE 28 e
FAHAF A& o] 83t HE P Wy MEsdc

Harhalakis et al [12]& dA9 FAEAMe Aiag nd “AHistd AN wEF
(Normalized Inter-Cell Traffic)”& #A<lstd FAMAIFA & Mdstdch £ Cellhol w2
F A 714 A4S AgrHos ggsid

B AT AAEFe #HA it AAFAEA ) W] A A S A Ao o]
Fue WA Lote] 278 elstd FAASFAS Aoy w A& AT 4 A4S
gtz WHE AMrAozd o slY S fEd.



TEEEPESE $19% $308 199%6F 9A°

2-2. 71544

F:onhel RF550 dd 3% P= {p), b2, b}

M: mAe ZIAFFA dAF A M= {m, my, -, m,,}

Mg 02 dula] 2] & 71AEe] APAIztel 21 AR 71AEY A¥
Mg={m'|,my, - m} m=i

C: w9 Aol A& AF C= {c|, ¢, Cu}

Cr: vlhel 132 Aol e Mol A& AY Cr= {c'|,c'3,, ¢} w=v

C'r: m' 8 Rz 3 wily Ao A% C'r={c1.¢3 . v2u

OT(c’) : A9 7170 &3¢ F3UAAZ

LB(m' )): 714 m' 19} Cre 94539 2aduA 38

OT(m')) + 30T )
(v+1)-{Max OT(c" )}
ri B ES 71ARYEA

S, 1hel Aol H8" + A= A AA (md)
Dom, 71 A9] BRIAl A QW A (md)

L, p 52 A lota7)

D, pREFEY 8%

LB(m')) =

»

D
o DARES ot F owup = L—:

xy 0o AR A FFE po THEA o] £33
n, o ool £dE 71AY g

20 Azt de, oo 409 BEF 4, = Nul 1+ )

1
t;
n,v+ n,~
T2 A Baugde) A% T={Ty. Ta ", Tmm

VG WE A agR T, =

3. Algorithm

257

2 dTolM At st A WSy 94 dHe] At = oM 4L

ota Mol gHE FESE 2EYst: Aol AA VAL TAH A
A, M3 olFg Haz stz 48 YAk FHoh

% AF BE NAEE Rold 4% Y4AudE wHel Ate we Aol

48

9% F QA 99 dad de gHshe AT Fiwtols Ngol Awas T,atel ko

ZIAZ R C1EEE st 71EA Y

Tim@t 2tk Hojd wiz7tx] Ay dAS vizha

71



no
Q
&
o
0x
Rul

N

A Tym@& Paretowo] 80-20 ruleo] sjste] Mal o559 80%7t St @7x9 olF
ulgli: Aoz MZeti vulx A7 o5 AA oulg FA gol® HE aFolw 4
& & vl Wl

SH, WHe nstel 4e AP FAolT,

A GANM o =gEe] Mol 1FYHL di JAS] T Ak e JAE

S Aol Sl ol Azte] olFAE BAW £E Utk Az o|FAAL Faw 49

iﬁmo A

of FeiyE TLew 1AW F Ak AL AN, JANESE & 5 & Aok @A
Hor A& A3 AL VIAE “H’qﬁ}?ﬂ Hd, 718 H nAusr B & WY,
Bz, 718 254 SdgE|So] A SEo #AAQYo) ExE7] wiio] Mzre] oWy A
o] Fi= o] olg|d mAnH B&e A £ U WM B AFoME AL gaud
d BEE VIFELR 3 WA AGZRAL UFAIE Ao UuA] JAE HYAA A2
AL A g,

AR, FEEL F(Family) 2 £+ #A ot}

2t BEo °1‘; Ao A AQE @o] dtevtel wEt s Mol wiAEHEE 1§ Psto, Y
g o Aol wAsd FAA AYPE e do 1 RES AN

27 AL FAF o mAY ae 2A A o35 A wAwAoG M ofF
S5 ARAASH LOTod gof 2R Ag Fe BUe Harhalakis et alizlo] A
A% g fAbEY WA S s gl MARA Rt At 92 TR tgd
SLBAS 7l a,

A Y434 oo AR oo A

STEP 1. Zt &7 o585 £,8 o8& T,3e 3
271 = A71AZ 1719 A& FAsleE RAog g
STEP 2. T @< 3o

Tim=2.23t; ¥ 0.8
STEP 3. #AHAIF9 3, TAM Max T, 73t
if Sum t;<Tus then GoTo STEP 4
Sum t;5> Tum  then STOF. A W®AQ #Ro2 zroh,
STEP 4. if s;45<S. then cSc;E T3 N2 &4,8 T3,
For =1 to(i—1)

ta=tyt+ ty
For I=(G+1) to (j—1)
Li=titt;
For I=(G+1) tou
ty=ti+ ty

For r=j; lol—1
tr=tgr+1)



THELBGE H19% $B308 19965 98 259

For I=j to(w—1)
For r=1 to!

= E(i+ 1)
STEP 5. ¢4 4+ 434% Parameter gt &-& A g}
ni=mn;+mn,
$;i=$;ts;
w=w-—1
For I=j tou
ni= N+
SI= S+
NME2E t,§ ol&3td T, ags ¥4
Go To STEP 3.

32 A AYY B

14 o] F4¥ Folt £,@e) 80%: WAHNYOBR Ay o FAYE & EA HA
gt webd oAt TRME ArEet A WANY Ade =98 A AYH HY
Faeisl ek

STEP 1. 12 4o 34€ A9 A, C;9 &F] FAYNT OTc)& Tk
STEP 2. muiA e 71ASe AAel 2 &2 BE@ 7ASS 4G, Mesl ¥
Ak om S CpUas) @Ae] Fol ApRY S, urk HE Cpdl YaE

& T,
STEP 3. m'" 9 WHzHo] &3 Ae C'p 9 #ANEAAY 5& LB(wm' )&
—Lé—]_‘;}_

Max LB(m ) A C, 9+ m' & AZ23A T
STEP 4. %% 42 Panameter 2 W73 3ch
MpAX m' | & A4
OT(c) = OT(m’ )+ 0T(c;)
if Mgp=¢ then STOF
otherwise Go To STEP 2

AAES A2 GHE Foli PESL F(Famiy)o2 B Aast A% PFLoZ ¥
AsiME 7t REgo) o= Aol Wstel WEaE 57 A e Ao HPsW 1 AL
FHow Aglo] offo AERL ovsmz shisl $Ud Felzt stk

_9. o
o M
to N



260 ZiMEl

4. FA ¢ A
o

W Aol A Harhalakis et al [12]0] AA@ odAlo] 4ata Aag 4u (% A9,
LOT 71 )oF A8 alekzA S F7iste] A2 74 stk Harhalakis et all12]9] o 4=
2 oA dalelA 4AA8en LOTAZ7 22 lo]x @¥o] Fade) 588 F97t @
th

<E 1> FHEAM L ALHE ARadxsadd <E 2> 71AM 7HEAE)
Mchines Mchines
C000000001 1 11111111 274 kot gg;] 000000GOO0T111 111111112
1231567890 23456789 0R9%A7| uy 12345678901 23456748490
1 R | coe s -1 - 511000 1100} 10 1 a L . c 20 - 51
2 S 2 e e s e e e e e e e e e e 2000 200 ] 10 2 23 . 1 v
3 e e e e e e e e e e e e e 3213000 | 300 10 3 5 51
1 SRl s e e s e e 42 s e e s e A000 200 20 4 12 - 23 .
5 Sl 3y s s e e e e e 2 - e e - [5000 ] 100 ] S0 5 3 21 3
6 RS i -2 - 34 1000 ([20] 5 6 4 -2 3 15

P e e e e e e e e e 2R e e 200 | 200 10 P 7 2 4 11

a R 5 3 1 2 1 3000 {100 30 a 8 1 2 3 - 5 1

ro4 1 2 15 - 1 4000 | 400 | 10 r 9 5 1 53 2

t 10 3 . 1 2)5000 | 500 | 10 t 10 1 . 31

s 1 3 { 2 1000 | 5001 2 s 1l 5 3 4

1215 3 1 1 c 2 2000 | 200 [ 10 12 1 2 5 2 1

13 12 4 3 1 - 3000 | 300 | 10 13 - 23 1 3

1" i1 1 2 .o 1000 | 500 8 E] i2 . 3 1

B3] - - s e e e e e e 2 - 3 - - - I5000 500 10 15 4 23 15

G| - - -« =32 - - - - - e e e s s 4 =100 10| 10 16 71 2 8
17] 2 1 a 2000 j 200} 10 17 | 1 5 ¥

L I R N R A 3¢ ) | VI 1V L 18 3 5 %2
19 21 1 3 1000 | 400 | 10 19 - 32 5 2

LR T e B £ LR R 20| 4 1 7 2

REE] & MER]

qAM 5 ¥ TH 35 7621902637543 7I10{4%2 A F A 2 B X Z 23 FRT 224 X133 63

('} m) (L0003

4-1. 2712 F474A

<E 1>9] FBEANG A olF &, u,,E 1A f,° PP TE <E DA A
olf, Zt 71AE 19 AR FT

- - - -
<E 3> FHEAMY dBolF ATE <E 4> FAHASE, Ty &9 34
nejg Aol F
colls E cells
1 2 3 1.5 6 7 8 9 1011 121314151617 141920 1 2 3 145 6 7 8 9 1011 1213141516 17 1R 19 2
1|0 110
2180 210
310 200 30 200
1o 000 4160 0 0 0
53100 000 510 0 6 00
G610 000 00 60 00 000
70 0 000 700 7000 00 30
c RO OO00D0 00 ¢ Rj0O0OO0O0OOOGCOO
e 91200 0 300 0 00 0 e 94100 0 150 0 150 0
1 10118200 0 0 0 0 8 0 0 1 10/9 1000 0 0 0 ¢ 400
I 030300 100 0 0 W00 0 1 115 15150 5 0 0 0 5 0 O
s 121300 0.0 100 0 0 0000 s 12120 0 0 5 0 00000
1300 0 0 00 D0 G ¢ 06 00 I3 00 000 15000000
1t 02 0 6000000 7F 0 100 Moo 1o 00000014050
153(0 0 0 300 50200 0 0 0 0 300 0 B 00 X500 231000000 1300
G 006 1000000000100 B o005 000000004800
i 0 06 5 00 0 0 00 0 0 10250 1710 0 6 0 3 0 0 0 O 00 0 0 5 130
IR(O-0 0 0 100 0 0 0DIW00 0000 000 WO 0005 0600 15500000000
w0000 Wwo 100 0000000000 90 00005 0500000000000
2010 00 0 0 00 20 100 0 0 0 0 0 0 10300 00 0 000 00 1005 00000005150




TEFELBER H19% $B30H 199%6F 9A 261

O]U}] t57:70
= Us( Pt £16)+ U x%5+ 2%5%) + Ug( g+ %)

=50(1+0)+10(14+0)+10(0+ 1)
F A7 o] F 34+ 7780t}

ITERATION 1.

STEP 1. fAHAlF T,8t& 78t

<E 4>E <E 3> ol&3 fAAFT Tyskeld.
STEP 2. Tg,ats T3l

< 3>9 F M7t olF JFE T8 x 0.8 = 6224
STEP 3. FAHAF9 AfelH Max T,8 78

<E 4>oM Max T,& 35 °olx old, i=6, j=7°] €}

STEP 4. M2& T,&& 8

MEE T3 ol8s & T,ge Wdes <X 5> Aot
STEP 5. 7t Parameteragt& ¥ 731 STEP 3 = 3t

#9122 ITERATIONS & #ate <¥ 5>o Atk A& o F 7763 2] A3 ol Fo]
Rom 1439 ITERATIONC. 2 62832 A7} o]Fo] me Yt

<3 5> 12 A FAo dAd 4 FHdn

ITERATION cell cell €3 |&fAH7A 5 ak| ITERATION cell cell 94 | FFAMTak
1 6, 7 12 366 8 819 20 23 8
2 1, 12 7 324 9 4,15 6. 7 29 76
3 4,15 17 266 10 211, 3 2 57
4 2, 11 18 216 11 13, 14 9 33
5 9 18 5 174 12 5,16, 17 12 21
6 19,20 17 126 13 1,12, 10 11 11
7 16, 17 9 109 14 1,12,109,18 16 5

4-2. A AP HA

13 4 FY3ES Fko] 670e] Aol T mujE AE font AHxepRe vl 4

2 G40l 75 cell of 377 wAYTE

% Ci, G, Ceol disted C#tCs Ei= CoHG7t A= AfAol 7Fssith ol 2zt ehel
Uy EEH A2 A2 THRS we) GUuAA 58S Tl fgo] M4 & WHoR 4 A

AR, deang 58T Tel] Astel 7 viAel GuE ASIARE o el lMuy 1E
T <® 6> P,

H

)

to



<E 6> A PAol 7hed uidE] AYAae

A Ci Cy Ce
14
EAe] 1 12 10 9 18 5 16 17 13 14
AT B % 4 R3] 31 32 30 41 p.3 2
__59+25+44+35+31 _ 32+30+41 _ 25+22
=65.7% =83.7% =M%
. C) 34' Cy Cy 34 Cg
Q1E 8
Hlae LB(c, and ¢;) =62.9% LB(c, and ¢g) =58.3%

<H# 6>o14 2 4 olFo] AAXEE 7 AW & Y= o) Aor2 13 A YA HHolA olF
o7 4g Hyerh
4-3. FEFT2 ujA.
A3 B FHE TAW PERE FL ANE <E Dol ANG $EZE APTFol A 8
o] HAsiz Aol BFshA @ Relck
<E 7> Aol g REPE v

machine cells
211 314 156 7|5 16 17/8 19 20|13 14

._.

N St o)

N N 3
w

14
17

-+ = o

W e
—

1
2
4
12/ 5 4
3
2
3

11 ICEECTE
19.....2

W = DN =
=~ .
[\

13
16

"‘"‘""'BN'T]
o (b= G b e
o DD =
o DN WO | .
N

&N W
BT NN N

10
- - - - <1 - 1 o 13 4l - <]1 2

— D =
N — Wy
W NN

¢ Fag Ydolrd. YrbH<

flo

oz
24
o
-

7o ABEE skl AL FPHoZ FHtE A



&

I%AEPER $19% $B39H 199%6F 97 263

rJ

ﬂ-l’oﬁ&

o]

P
I

-1
[

A Fao At W AL diFE oM Ag FAF QlojA Aol HHE 1
Ao ol 3 & vk weld B Ao Mo WHg aEig A 4
& AAeAL. ”’"loﬂ‘lﬂ/ﬁ Ba g 571 14702 veER vl o A9 Harhalakis et
all12]9] ol9] 944 1309 2Hs A e 714 71E5&e B d39 sye] o 58 A
o= ‘JrE}‘;kq

£, Pareto?] 80-20 rule® m g FAz2HE o]&3ly FAE/ HojA= AT olF 3
= é} 1A 58S 883t 4 o nAuE U3 dHS AA stAch Gy
o] §3tti: AL AAAY Aol HPoz 3dhyl AT WHelrE ot & A7 YL
FUR 1AL 1Y RES 21 AP S st AoE HEo] 7hedith
?’o”?'- AR 1789 Aol FEIVAE wiIFEEZA M7 o|FEEH JAE
7b A7) W, 1A A PAFE dA AE A e AR 1§98 8 o HAEgee
NEES AR A4S AP I FS &5 5 JdA

oo

U

ku ftlo 4.>

E IR ]

1. ASKIN, R., and SUBRAMANIAN, S. B, 1987, A cost-based heuristic for group
technology configuration. International Journal of Production Research, 25, 101-113.

2. BALLAKUR, A., and STEUDEL, H.J, 1987, A within—cell utilization based heuristic for
designing cellular manufacturing system. International Journal of Production Research,
25, 639-665.

3. BURBIDGE, JL. 1977, A manual method of inoduction flow analysis. The Production
Engineer, 56, 36.

4. CHAN, HM,, and MILNER, D. A., 1982, Direct clustering algorithm for group formation
in cellular manufacture. Journal of Manufacturing Systems, 1, 65-74.

5. CAHNDRASEKHARAN, M. P, and RAJAGOPALAN, R, 1986 a, An ideal seed
non-hierarchical clustering algorithm for cellular manufacturing. Interantional Journal of
Production Research, 24, 451.

6. CAHNDRASEKHARAN, M. P, and RAJAGOPALAN, R. 1986 b, MODROC : an
extension to rank order clustering for group technology. International Journal of
Production Research, 24, 1221.

7. CAHNDRASEKHARAN, M. P., and RAJAGOPALAN, R., 1987, ZODIAC : an algorithm
for concurrent formation of part families and machine cells. International Journal of
Production Research, 25, 835-850.

8. CO, C. H, WU, A., and REISMAN, A. 1989, A throughput-maximizing facility planning
and layout model. International Journal of Production Research, 27, 1-12.

9. GARCIA, H., and PROTH, JM, 1985 Group technology in production management:The
short horizon planning level. Applied Stochastic Models and Data Analysis, 1, 25-34.

10. GUPTA, T. and SEIFODDINI, H. 1990, Clustering algorithms for the design of a
cellular manufacturing system-an analysis for their performance. International Journal
of Computing and International Engineering. 19, 432-436.

11. GUPTA, T., and SEIFODDINI, H, 1990, Production data based similarity coefticient for
machine-component grouping decisions in the design of a cellular manufacturing



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

26.

27.

system. International Journal of Production Research, 7, 1247-1269

HARHALAKIS, G. NAGI, R, PROTH, J. M., 1990, An efficient heuristic in
manufacturing cell formation for group technology applications. International Journal of
Production Research, 28, 185-198.

KING, J. R, 1979, Machine-component group formation in group technology, OMEGA.
The International Journal of Management Science, 8, 193-199.

KING, J. R, 1980, Machine-component grouping in production flow analysis : an
approach using rank ordering clustering algorithm. International journal of Production
Research, 18, 213.

KING, J. R., 1980, Machine-component grouping using ROC aigorithm. International
Journal of Production Research, 18, 213-231.

KING, J. R, and NAKAORNCHAI, V. 1982, Machine component group formation in
group technology-review and extension. International Journal of Production Research,
20, 117.

KUSIAK, A, 1985, The part families problem in flexible manufacturing systems. Annals
of Operations Research, 3, 279-300.

KUSIAK, A., 1987, The generalized group technology concept. International Journal of
Production Reseach, 26, 561-569.

KUSIAK, A. 1983, EXGT-S:A Knowledge based system for group technology.
International Journal of Production Reseach, 26, 887-904.

MCcAULEY, J., 1972, Machine grouping for efficient production. The Production Engieer,
Feb., 53-57.

McCORMICK, W. T. SCHWEITZER, P. J, and WHITE, T. E., 1972, Problem
decomposition and data reorganization by a cluste technique. Operations Research, 20,
993-1009.

RAJAGOPALAN, R, and BATRA, ]J. L., 1975, Design of cellular prdudction systém ta
graph theoretic approach. International Journal of Production Research, 13, 567-579.
ROSENBLATT, M. J, 1979, The facility layout problem :@ a multi-goal approach.
International Journal of Production Research, 17, 323-332.

SEIFODDINI, H. K., and WOLFE, P, 1986, Application of the similarit coefficient
method in group technology. AIIE Transactions, September, 271-277.

SEIFODDINI, H.,, and WOLFE, P., 1987, Selection of a threshold value based on
material handling cost in machine-component groupingi AIIE Transactions, September,
266--270.

SEIFODDINI, H., 1988. A note on the similarity coefficient method and the problem of
improper machine assignment in group technology applications. International jJournal of
Production Research, 27, 1161-1165.

VANNELLIL A, and KUMAR, R. K, 1986, A method of finding minimal bottleneck
cells for grouping part-machine families. International Journal of Production Research,
24, 387-400.



