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This paper presents a multi-objective cell formation problem
considering alternative process routes and machine utilization. Three
conflicting objectives, namely 1) minimizing the total cost consisting
inter-cell movements, procurement, operation and maintenance; 2)
maximizing the total machine utilization in the manufacturing system;
3) minimizing the deviation levels between the cell utilization (i.e.,
balancing the workload between cells) are considered. Snce this
problem is NP-hardness, a multi-objective scatter search (MOSS)
method based on TOPS Sis designed in order to find locally Pareto-
optimal frontier. To demonstrate the efficiency of the proposed MOSS,
a number of test problems are solved and the related results are
compared with the well-known multi-objective genetic algorithm,
called NSGA-I1, based on some quality measures. The computational
results indicate the superiority of the proposed MOSS compared to
the foregoing NSGA-11.

VAR LYY ol Y o lods (Wudgi o o g & buo (o (Mol (y 4 106) ©

20 TOPSIS o9y 1 (siimo 0SSy (gomims vy )6 (6 35 )15 @
Bad W Jolw gl piuwaw (21,0

Olobld doxo duw 9 S Oljges (e pade Wi Loy ((Slygr iy (s

loduS> Gouls wlals

o 55 L o b codgs 25 dlie gl aboaniz Jow o callio oyl 4o o
S f-“*"u*-")fr‘“) 69"&)51““)‘1“"’ S'r J % S ) ‘lew Sz allis

O i Jels o)l Buan aw 068 o0 &l dapiile 51 (6,50 0 JiSTas 5 Alfis Sllec
Dl 5 5055 5 Slilae dogaitle a5 o Jsbor e S > otz IS 35ed Sl
Sl 3ges Jhi (7 5 sdys w53 il 51 (555050 glaw (3903 ST (¥

Aéd.‘b.).;.? & sl
o5 59,
o..\,S‘l.: GN F“’“‘)i‘i”

ANIYID :Jgos g )b
ARIYIYS 1o g g,

ranjbar.mehdi @yah00.com (g oyl 165 alg ¢ oDl of5T olKtils caulio cmsdige 0aSiilo oyl (ool )5 aisgol 2l ¢ Slygy yazxdy (o0

tavakoli @UE.BC.IT .yl 5 ol5isls o 28 (glooaSiisls sy calio (cwidige 09,5 oliwl qpudn g5 L, J50

amoozad_ie@iaunS.aC.ir « pig oly (ol of3T olKtils ale Cin gic o gl Oljg08 Cymamns

hashemianmohamad@yah00.com « g ) a5 a1y ¢ oMol 3l5T o8l olio cusdige 0aStils o) (ol )57 aisgol (231 «ybooiold doseo doww



mailto:ranjbar.mehdi@yahoo.com
mailto:tavakoli@ut.ac.ir��
mailto:amoozad_ie@iauns.ac.ir
mailto:hashemianmohamad@yahoo.com

Oledld doxe w9 (il 3390 s e (59T Loy (Slyg pami) M0 oo 0Ty (ot ot 98] (6 U Y

ol 5l asdige il (Bdshe (e ),k (0503 (miVl (im) Lo sk 51 (s S0 zsbams (e
Sz mlsl So sl oz (oob, Glados Gz wedliiin oL, e & ol
@bl 0l plas sl webioe (b Fge Glaclez (03,5] cawd 4 gl adan wiz 0uSTy
© b G sy Gl p a80 wiz 0uiSTy (gemiu o o8l cgoloiing o )5Sl
o as s wlul 5 5 calisee digei slas (g3, 5 2,5 )5 drgi S50 a5 a5 NSGA-II
YOI PP PESURPCTI J IO [ NV PN CERSRINCSUNPUI FISPRNX {EI RPN A RY

a3 a5 S5 oS0

Sl dd g pmas ¥

ok 2t g acye 10 (89,5 (3519 05 (A iy
sl il Gl gnas Jlad ny sads mbe joyel ol
O 5ol ¢ Jgame HolisS yoe ad i,z )l 8 (Sl 16,
OF LS 5 daaie slaatule 5 ik 4 Jpame adye S
G 5 @ b calon,s lols 1) (lBans adgs ool e
Rl &y o waes sse 1) 293 sady wnl g beedld
L&l o [05F] wims sgun 1) 395 sodgs Sl
sl ol aS wies oS g9mu 4 1) 055 (sadg (sl
P9 Sk YL e S b 0g SYgams
Sy olbitie 4 Baed L9 Sux (Ko Oloy (iR
Ll jw ) 05 b asil joB Wb bpswsw ol (i o2 2l
SIS alorm a5l Ge (Y game (b g Lo 3 O

[F] il 550 ol e

Wud Wiz g jlw dte Sl ¥
@ a5 S8b)s plgie o it 50 ead e e 4 4z
5 oolainl ool aid 3 i o Bus ali aw o oLy 9ezg e
5 Fmilio 555 3550 Allas Jo (51 dbsmsiz lodinge 3,503,
i ol aslol o onlply cul ddan ST (giluaigs sloihs,
el il ddasaiz giluaige Gl 5 Jgol 050 30 Slxdys
%
P e STy adanir (gileangy Sl G oolel ool
ol ddanniz Plaw ;o olaie g 550655 Buan lal s>
L) ate (Glolsr) Sloz 4 (oliws ((San Glamli iz 3929
S5 silwange Pl Jshiie slap sl 655 4 b
Sl cople b jmiy Ll Gl Sjloise oSonpé ddun
3 WS e bl 5 GalS Glack i wdasniz (gluaig
05 crfpena pie P L nj siloaceS Joo doiiy po5 oolos
IV] (col o a8 5 a0 Boa s

Min y= f(x)=(f,(x), f,(X),..., f, (X)) M
x,yeRP,q>1

doddio .
6L ool a5 ol sl b S s o sladls @lis ol o
Al fge Caio 5 ple slp Wlgoe o] J> g amils glio o
Ol Lol Gamaiws b as 05)ls 0gzg aliee Jluwe 5 (5 )b
B g 8l OIS Sl (gl degerme Lz clio > ol
o Sl (Joho adgi )5 Codly (nl a5 05T s adre ol o
Jites slaJsle g laog S o oy Slgean aaibojle b
Sloaasin L oladad 5l sleoslgls cole g JooSs cu>

S ok 05 s Egemme 50 090 0 ooliiul wlive (gudy

3, yekaie a Slakd 1 o a5 cuwl gudes anlls
g g ganaib o glulid (ol 5 (b o Wil Slplis
Sl oo 35 (gt by, € sk adgh st (I 55k @
el 00 Ssmo g0 51 (Sblie 5l Caro idu pu3l slo Lo jo oS
]
Wy JSas Al ly gasr o3b, Jas b ol o
‘_gLam...,)m Egozno u@lf FL PN ‘5>|)Jo 9 bl.gr.....,.: 6151""
Joe j0 Bar Oygo 4 bye e g pdydillhsl 4 axg b )
Ordle w3 anze Jold eas e ol el ad s S Sl o
aie g oedle Olpeend 5 )leS anse opdle (Shiles ania
G5 5L oYl pae malS L oolas o lapils 5l eslatul ol
odls a8 ¥ lai 5 paw Bua Al LB o aS col by Jole
Jilas Gus 50 banje ggoome (tals LS o cplply ol
IY] conlons a3 5 JLas o 5 JSi 4 5 Sl youl o) e
S9zge Slaceile S 6T & pas lie (oges Joloo @
S5 s )
cilize la gk e )5 L YL pas (o9 Jila> @
Jle ool ez 1, ol dlie ol Jo Sz @ 257 L
@outs; x5 4 nlple [Y] 6,5 o ki s NP-hard
S ool b Blace sl 45 95 gm ays aiige gz o
Al J> lp L oo aul)| llie cpl Gos .Cenl s
Ll 58 5 5 b sl ags i o oo s
R o.A.;.ﬂJ.& (S g rv-:-l)}i” ‘_g).:f)lf 4 b oo ools o9



Y Ol dozxo duww 9 (ds 3jgas (> o (59T Lo ((Flyg jmiy (e (i 0Ty (G ot 395! (6 U

J.d.t 9 J.o.’> al.a:k‘).:..i)b U‘M 59 Lg)l‘.\gfa‘ Sldos ‘Q’.‘.‘“LL‘ &,
e ol o o

>k (g 3l SN 090 gl F-)

Caddy g5 (95 Wb o Jsbe ol g (b anlE b
Yy

Loeile glsil 4y dxkas g5y Slilas apass )

Losko 4 o puible glgl mpass ¥

Sk o J3ls nbile g5 50 olaws Y

Jue 5999 s yolyly F-Y

Siyaeliy @1l oye0 hal o a5 (g99)5 slo yel)ly polis
Sl 0l Xigd _asiie

099 o 5o askad £g5 12 5l 5L 050 Lo )

axkad Sy Slilee plnil gl Geile S sl 5l 9550 Loy Y
Sllas abil o ceile o culls Y

093 3 58 Gedle o gly s o ooy Jlade ¥

Jowo s Coogame F-¥

wigd bld Jow ;0 Wb p) slecasgases

g §o oal astive Olalad glyil 0 gl bepdile o8 b N
Al B wlioy90 1o 50 il asie Lol

S olgee seke ol lp wil Gatie Wb b sl ojluil Y
2,5 oolazwl Jobuw J&ls slacpiile sl ol g YU 0g0>

g Wlg go )5 cpl il (aseie B 51wl by Jolo olass X

D55 O ygo s Zhhb b o poe

Joe slaoles F-F

b il F-F-)

(c=1,....0C) sudy sloJskw slei=C
(M=1,...,.M) o pile glgil sl =M
(P=1,...,P) wlakas glgl sles = P

(=100, Jp) P axkss 35 3,90 wlibes oles o

62959 syl F-F-¥

S5y 2 P askd I ] Sllee plol oz 5l 0y50 ey = TPM
g Ll sl a5 P gy lalsd 5 ladins o3l -BP

P askss jlaiws o sl (Jobo (2 &5 > a0 =P

Mgy eile 5l axly SG oy 5 a0 = oM

M g4 wile 5l ooliinl celus ,o sl & Sldes 430 = M
0)30 Jsb ;5 M g5 iile (5,10¢S5 azy 50 = MM

'L BLS ) iy i -
e Xy Jlop p Xy oy masS dassiz sileaige Sl 5
3l 13 py byl g ol e wlei e

f,(%) < f,(%,) ; Vi=l..qg M
(%) < (%) 3=l O

3l Slasgemme 0,5 oy Plawe 4555 ol o Lol Bos cplplo

5 g0 ol iy iy 5

(rdge g bl iy 53 oY

P Ogd e A SIS )0 i (rdse Djgets X wile g)lop
Gk 4 waas lay %, asle 6,550 Yoy e 550 Gyl 4y o8
F gbd g X Sl 0 X Jlop powlyy Jlop cnl oS
7 Sl rdse Dpgonr ) X by Sl nl o aS ale
el oo glie

Sl g bG y ya5 Y
P S9i e 48,5 Hla )3 iy syl Dygotr X Wl 500
Qg log %, w8l 6,500 o (lgs Slga slas S j0 o
Sop cdle pl o aS ade X Loy pwlen jloy ol aS 6,6

webige 9L b oslie i Dlgz (gl g0 1) X

8L, Joe F
ool o oals Bree gloJow axwgr jloolainl b oy ls Hlas yo
&l (INLP) s sue a3 2 g ddan iz Jae G cfgdg0
embes all 5 olate Gas 4w b sody Joko JSiis dllis
2 ) Sygeds |y Bas b aw dlie opl 0 aS Sglis ol b [#]
ST
ap o anie ol e gladnie dged Jla> )

ok o DB > ange 5 Sllee age (5 IS

Lo pyuiile 51 (65T 0500 olime (0900 iSTas LY
iz gla sl e oS L VL Y
2 8S oud JSad askad g8 (i 5l 090 (Gudg ps
Sloeile 55, atie g b Slles golass plxnil 4 5l S5
FSlas Jolss Lol slacusgasms .5 ls sgame cod,b b alies
b boadle 69y » IS al e (rile Sud)b Jobo
a3 Egeme S b sady sl QLI Jae odes Slaal

! Domination Relation



Obebld domxe w9 (ol 33908 (s pude (W59 Loy ((Slyg pami) (M0 e tieo 0Ty (G it 98] (6 U \f

P Jp
ZZ Dp.tipm. Xipme < Tmx Nme Ym,C 6]
p=1 j=1
M
ijc:&jpmxzxipmc vj, p,Cc Q)]
m=1
M
D Nme<UB ve 0"
m=1
M
D Nm>LB ve o
m=1

M Op M
ZZZDphpm XmecJ/(ZTm.chjVC v
m=1

p=1 j=1

CUc:(

ou= [ZwC x (im ij]/(imi“Tm.chj an

Xipme, ZipcE (0,1) and Nime >0 V], p,mcC QhD)

Ban aw Jold 358 Jow Bud mli 940 g0 cdalice aF 4isS Lo

Al o 0das

Gl a8 o das Aol SO (F alal)) Jol Ba b )
sloanie aopile S ak,w gloaye ggexe oS
azp g Skl ol o olraly glaanie (Sllee
WJol &yle il e Blas 1) bapile Ol asd 5 (5 l0g5
ol WS (o0 dmlne |; Slabad Jslo o olal> ane
o s ot SIS s Lol ggama bl iy i
skl o3 o 5l atws o Blie obule auje o askd g5
om Jom anzp p it Sllee JIg 8 el o
axl 5y e Slelae 5 azliz Ly 09,05 o 1 o
et J o 423wy S, i ool ok 5, o
ddo cpl 4 oyl pl j0 <D oyl 0ad oo Sbul Jokw
2k g daiyile ool b oladad il axly 2 a5 col
5 SN anze pes Sjle Cuwl ad pelate Slislxe
e o S 52, 33 3 1, losablo Sl pas
wlip B Jsb o o5 Gageile plos a5 wpn g
ez Dol S e dnalne 1) widlbioe 58 Sy9e S
Jols a5 leioo Al 1) ayeile Slles sloas jo
Slles sloanie )3 lagpdle 5L 950 slacels oo
Sl L Bl

SrS 5 GhF et Syge @ 5 (O aal) ped Saa &l Y
) s Byisle JS 51 ool jloe Glymdil a5 wily oo
a5 S o AieS | ol S vae as Jlowl > 4 s

Sl 0ad adshe G5 b Sl goge o> el

P aslad slolis = Dp
(Cel) Meg ile 5laxly o o yiws jo cud b=TM
Jsbw J31s slo cpile olows ol o= LB
Jsbw J31s sla opeile slaas YL o> =UB
S M e g s P ks 51 olos 411 = @jpm
g
Sogocn! o
s 39290 o pdile JS 51 ooliiwl s y0 = OU
C Joko ;0 it lapislo 5l oolizwl a0 = CUC

ouss (g o F-F-Y
S8 ookl 5,50 € Joko 10 a5 M g4 sl pisle slows = NMC
lazs 3
C Jsko 4 M g5 (ils g 1) = YT
Sygoin! e o
Jsko 55 M Gdle 40 P askd gl | Sldee (arass ) = X PMC
C
Sogocnl pé o
C Jsko &P g5 ankad ol | wllae arass i) = ZJPC
Sogocn] e yd

ol Jgo s F-F-F

ol D9l A 95F o B (s )90 &S (oo o351l
Ol e bl a5 (oo3ilSie U Laprtle Joboo Tl a5
oolgls s 505 o S S o LS apptle o alis
UK slo ok 5 olabd o wlis olime ) eoliil b colalad
e ol cnl rlpls oo panads bape slashe 4 i8S
ol ol sl 5L 090 ploy Hlade g sl Jaw (Sauzn o
[F] st oo

p=1 p j=1 c=1
M C M C )
DY NeMo+> > N o, +
m=1 c=1 m=1 c=1
cC M P J
ZZZ _ Dp XmectmmO
c=1 m=1 p=1 j=1
Min F2=|ou-1 ®)
C
Min Fs=>"|cuc—ou| *)
c=1
s.t.
C=1 M
ZZ&mejprm:l Vi, p 0

c=1 m=1



A Ol dozxo duww 9 (ds 3jgas (> o (59T Lo ((Flyg jmiy (e (i 0Ty (G ot 395! (6 U

pae als daanpe IS ggee aile) Plam a5l cdle
ok (638 5k VL poe 20l 5 Lagdle 5l (655 000
oaSlyy omins pinysSl o,Slas ogrs cllia Cpl Lo e
Jo @ pltes Suz wi)esl ES > 09 g o o3l sy
Al dler by cawlio

@ bgrpe Joo Jo sl a1y Gorminar w)sNl (25 b &
e sl adgl Jor Jlon S iagd ol ) b 4 dles
ST sy S oo ol G5TUST 5l i () e o
Sy I ez poashe s sly S0l 1 as Sk
blajlon cnye 5l degemme 205 o nses JB 4 lad> S5t
2 liae & Sl (o oS (o0 BB @250 slad> plgieas
ool g9o9e (nl adlion Sl (Aaled 0925 o ST 18 3 S0,
e (Slo ke dxy 5 S5 iy (g 0590 Al Coale
Sladss 5l g ks 5o .l diily Jow lrcodgaze 9 (505
odd oslaiwl s Lsle 3l Sud Olgx Goled o il
Sl 5050 Slusl o s Jlsle 5l eolainl ax I cl
an Joe slcysgase olaws iulidl b Jg abl ge Jolois
@S Sl ool s o3l rizan 5 (S pra (sl uiie
Sl psie Gudal 5 09,8 slojl aS |i> 0w g0 s I, 09>
0ol 5 ooz Sl |y o iaS conds a5,) Lo b peas
sl @ Yl b Suzm ol el ez cole valys
Sl (b)) om 9o Sl 5l (b)) am S5 2L
5 ools Sl | allis o el ol 5,8 eslinul e iales
Sl SO ladlie pl ool walss wngiaS o oIS coge
[N ] el onis ooliinl s il

Slgz o los o9 .O-Y

P T W AP [P NIEI TAICIS
O)DQ‘SAAM)L.}LMJ d,Jo).)l) ‘51&..4 J> Sl ra)y ‘)lS 85),“.\
u_ii ‘(\) J.iw M;SA u‘j} uu.)LA) 092.3 ‘)L..>Lw U‘-’“ O M.S
OLES SsSB40 1y L5 0590 Allas (1 G0 >
dlie Olgz IS JSs Silo e yile dw JS5 0pl 0 a0 oo
. [[X]RxP I[Y]RxP |[N]ch] R

X1 X2 .. XP | Y V2 .. Ve | M e MNc
X1 X2 .. X | Yer Y2 .. Y | M M2 ... N

XX .. X&P | YR YR .. WP | Mvi Mv2 ... Nvc
e S 95wy Ko i lod 092 ) S

bl 4 Bpe [l ool sy salin o5 slalon

ol ool p bl a8 casl guile 4y 5L3 050 axlad Olles

o e 5 0505 SISy 5 e |y Jsho o J51s 9 olso
[A] 05,5 o ook (39,0 WIP o J3la>
sk o 6 5L Hlre Slil (7 alayl) o San 26 Y
aba>de JB OS] 5925 a5 |z ol co dieS 1) il
ol e ol oM Lae Wiy o sl )15 L o
il ol Gl 955 dm )3 09 4 P s o ke
WLl @ 5L lime 5o 1) sl ol Wy oo lawe ol
wles sl Jowp welye g dlise sladsle o )8
6B b Sl 31 e Blyzl (g5l LB o ol by
53 e it 5 s Jobo
25 Oldes ;2 w0j90 2 ;0 AS WS o el O Codgisme
Gl a8l pnass Jolu g uile SO L cdalad
QJ; 00)3")3 Lgl)" LﬂbwLﬁ u.d).‘c O°9 ‘595 4 Cudgdowe
lr ks 0,50 Gloy &5 (5970 Ay WS (oo el ) kel Lol
s Lol S 5 o0geid jolow lapyile cod b 5l Olalad ogs
£5 ,» osllas olawi Cudgaze (! ioren 1340 oo 03,91 2
38 s Ol ¥ Zudgamme S (oo fend |y Jobo p2 50 (il
Pl sk jo pls (6l aslad | Gllae S Plos a5 S s
By Waly> jho Dygoinl w33 Sz e 9550 O)j50
D g0 oolaiwl Joku o OIS > slaws ailxe gl & le oyl
ojlail eYb g b Sgam iy 4 VY g Ve lacooguse
W5 3 Al sk o 5o o legmile shas 5 Lo sk
Iy epile 5l eolatwl ausys VY Cosgame aijlu so aein |
aiedle a5 (Jhgo )0 Sl (o S o0 dile Jolo ;o 50
ol lade W ,S 18 el Glahad Sldes o 1) (g yiin o
J5 5l eolawl Gl VY Codgame g dplemx i Ole
b yeile 5l oslawl oo IS 5 G35 xSl B o 1) byl
ol 1y dlae slopite g5 VF Codgame uled oo dmline

[4] KX

W 0uiS |y (Geima gy (GOl HLSLw D
FERV-Y
sy aBmy tEle sy sad slb szl iy ol o
Jelos g 4525 3590 JolS & g0 00Ty sortes 105
28,5 aales 18wy g

oSy Gy Golisity 9y (IS HLSLw B-)
2o b ol 50 0asST (soain ol )oSl plon 57 jshailen
5 Sl 6358 4 yamie o Shy sl IS slag,
el oas oolaiwl J> slp o) 5l Al oazmn coole 4 axgily
sl 65 & e 22 Gladle VAR Lo )
wolgiin o, Gaa [Ve] cudl aals moliEl o)lgen



Oledld doxe w9 (Ll 3390 s e (59T Loy (Slyg pami) Mo b0 0Ty (ot ot 95l (6 Sy U Al

L bl )l (bl 2 (gaiuady p il .B-F
oolie 1, ad Clyx a5 slacler slaw eluly sanas,
seaz gl ol jlswe ,Jﬁ]"s‘o Cewddy S dae adlal 4y WS o
Slasgorme & a5 Sl laas, Gulul ol wn Jus sln 152
Alas ol Slas a8l S 45 4z 0 05 (o0 3l >

ol o elyl 508 Gglie jeS €52 ] a5 cul
e & 1) 3T Jes jl Jol (oghin 8) Il slad>
Wt e 4 oS 45, b slad> oS o0 i 501 slacls>
2z sloei,sl 4 6Tl B sk @ WIS Bk
e Gy 4 S slacl 4 S cwl (gige 4 des
oo, &5 Sl cdde 0 S Iy (e ed ws A
Sl & sl Gl 990 ezl QLU ol a8k (LaSG acgee
alols Lo 5l @lie opl ,o &5 autes Ol ly 6,500
o ploogl Aol e arlre (sl Cenl 00l ssliiul Talss
Syg0 4 (il et Sl gl 1) sl Bas ailg 5 SO
S e 4 barpe (5jp0 polie G 358 (o0 e S92
Dgb (oo S S 0 Coled (o abg e ploojl Alals jlude plgs
8 b Sl pleosl alold wasgere She polie nlo sl
S9l (o0 Al jolme jolis ould Jloj Bas &l alols sllae
Siload esls Lz 0,5 S5, b aS 0 pls & «(Y) Ui 4o [VY51Y]
@l yaie plsjl alold aculze slp wiiwn LSS a3, <)l
Sl Jato jolme yolie 4 o8 (Llatns (250 g Job ol (JI

D] oS goz oo L1,

fl

o33 Aol sl ¥ IS

¥k sols o)1 -0
Cand b 0 (25 Gilre e Sl iaghy Sl gk 50
odel Cews 4y I slaclsz (oIS sl 5k laclyz gl
a5l ol Gas cal ool colaiul (giluaigs anlpy b
AL Slsz S 1) 5 Sl el wcend 65,8
9] Cond byl el e Jo anTp (o o 0as lay
& e ol g e &85 5 5 Sgame O g0t Ygane 53
aty Sl Doy o I Glacle 4 ol sl
A Sloz S ST 358 o0 0ail) 9, 4 al> o 4 Al e s

! Non-Dominated
2, Crowding Distance

oS 0] o s & R=max®_ {3, Jab, 51 R e a5 o s
5,509y 30 ol lalss a5 ol 4 Slidas slaws gSlas Sl
S5 a5 plageile degare 5l [X]op omrle lp Holas
ssb a4 (S0 Wle 1) I 800 cpdle 59y p Slles ol plx T
a4 bgge [Ylop ol wsie Sll ol
olai 9,50, ;0 bl Joho 4 Slakad a5 3550 Slilos

b oo pelaiBl 1.,C Jsho G @ Slakad 4y by ye Slles

N =|P2 vm,c (1)

M 55 5l 5k 250 bagudle slass owins L2 [Ny e e ilo
5 05 lagetle shasi ool S 5,50 € Jshoo 55 o sl oo
S5 waly> (GaS Ny omsile Sloy e s 4 (10) aka,
)euwuolmngwgwo}h)oowfawﬁ

55 3 sk

adgl oniS |y sboles udgi o9 H-Y

sl 93 e ooy llpd (gileplSy ly @i ool o
lai o5l 5l adsl Glaclsr wdgs sln eaiSTn o
Slez adgy S glp a5 el 53 a4 a3Y Ll onls ool
lhedr o ol alas 25 66 L (b o S55UsS Ll 5l adyl
Slsr S Jos AS il 4 1l Gl st e by aols
W yeS palh (pll pain Gl 5l ST sl adgi 12 &S
Sehse 3ls adgl slacls w42 2w wadg W) aslol sl
w3 oo lis 1y alid & 5 dlore 09 (V) S

X Yo
S VA
232|112
x _Similargenes 5|2 1 1 | 1 2 3
M totalgenes 9(3 0 4 | 2 0 1
1 0 0] 3 0 0]
(2 12| 1 2 3]
y:s,imilargenes:§331|321
M totalgense 9|3 0 3] 3 0 1
4 00| 20 0]
H_J;__J

Xq Yq

_ X Yy
Squ_Squ—"Squ
&w;g'dl)loljmng(fgwbueyéxh}m
JLe



v Ol dozxo duww 9 (ds 3jgas (> o (59T Lo ((Flyg jmiy (e (i 0Ty (G ot 395! (6 U

2 S ez B Olszr o cunl lgul gaoge cnl 0,80,
Sezge lgz aled 4 Cas 4 555 o aBlSl gl 4 >
)| > oe)LC as Qb)fso A.Aclé 0)5.}'5) L)"‘ ..\...ula usl.o.uc 9.‘.».»;)1 BN
Solite 5 g93te 35k bl wusr LI Slex (sl Zews

30,5 (6,085 3L gyl yo

&5 o degoo Jlw) 39y 4 0-F
RefSetl slasl a4 acgaze 55 9 5l az po acgazme llin ol o
ooy hSis (0usSTp slholys) REfSEL2 ¢ (cuaS L slasslg>)
el D2 5 DL 55 4 degazma ) 50 ol byl atdiy s
LS sl |Refset|=b<=bl+b2 o ls s ole
ot 9035 o0 JoSis REFSEL asgomme 5 bl ia o agocne
24 s Sl i Olgx BL sSlas gl gt )Tl slaie
5 oot lil alols daS o g o 43ll REFSELL ac oo
b oise adl sp ooz 1 S jm o alis pue £
Sgzge Glolg> 005 o drwlxe REFSELL o 55250 slocils>
dolez ! 3l G 238 5 0 550 TOPSIS 449, (sl
degaze p & g odyd)S OBl (5 1S5 Clgz D2 iSTas
pae F 5 duloe a5 ol S5 w a3Y s F e a8lo] RefSet2
ObeSy jof polie &5 Sglis cpl b Canl s 25 wiiles il
4 9,Skos 0975 395 50 el yio & polis Y 5 X i jile
Loy i3 pas ¢ g il alols Jilus o5 ol (ol wisS
Sloslaul gl 4y cllin cpl j0 058 g0 JiSTa B iy 65!
Jolos ais o2 "MADM byl 5l S DL‘),:.A Sk
Qe ool oolaiwl alizee sloais ;5 ol 4y Llas 500 ez li
Ol (F) IS 30 s gy 5l ooliial b az o Gl 3,

] 00l 00l

gl J> (goi 4l 5 Gl 0,550 (612

Y gz dsgome 4 995 Sln (e Sl asgeze  [4—b|
Vern [
v Refset1 [T .
. . L. P Slox 5oyl
4, oo lil alols wlis pae &5 < N )
Skl
] acgee
E |
Yoz

l I Refset 2

o U 9 5l 0olistwl b g2 po (Glw) 59, 4 F S

NSGA-I17 o35 ,551 8

laly ol o8 a3 o S5 w8 o ieysSl

3. Euclidean Distance

! Dissimilarity Rate

5. Max-Min

5. Multiple Attribute Decision Making

7. Non-Dominated Sorting Genetic Algorithm

K g oy s o ol 5l alo e S 0 e
Sliz g cosl oats  JolS Spgon ik Slaclyz gdyl @
ol 9 a8 o 4l g5y el slael 5l (S o S
O)‘j dud> 9,49 9 03 C)l> 9...‘»)] )l u_)slu LQLA:.C‘ I
20§ oo
Sl 5 ol oati S O js0n ik ool sen)] @
5 A5 el ade 6351 g )] slae! | SO mp g o e
laz s el ond p JolS jgon ) slolsr sedyl @
ol 3 WS o ade gy 5oyl slael 5l (S s I
Q)‘j dod> 9,4.{: 9 03 C)L’> 9—0.».0).‘- )‘ usl.uo L_sLa.C‘ >
208 oo
Slaz s el ond p JolS jpon ) lolsr senyl @
50 S e ade oL 90 ,] Ll | SO mp o e
0,5 adlal gyl 4 ) o LB Clg g e (Il oyl
[Vo]
(prler ) woz i Clox (38 (el i a5 1
4 Gl e alex JI 3 aS Wleays I ol (g0l sl g,
55 ol Sileas 0 Sasy el K 5 s s,
OB ol Gle el A e bt onl Ll e L
a0l 39y gl 0 dgzge I sty Lol cuale
hole 0,5 adlal gl ol Sy, 5l b ybg, ! s o jle
s b Bl 4y cwl e a4 aiS e eolatll syoe e
byl 53 92ge e bl Gl (S LSl o pSese
$lr g bbb gl 9t )T Sl lin nl o 005 ke
Cud,b aS 0uS 6,8 ol odls ool lad pl b oablae
S D ygods gd o o3l olis Arch-Size L oS g5l g
Sy wi o8l 2l 5l B b & sl iy 5l e
e Olgz S 31 050 o a8 T a5 (0 005 jaduice caiSTy,
PR V. 3 B P SRR P RN FP RIS K VIPRYS. S VIRV
230 F oo bl
FUOU U1 IUU-N GV 1 ERPRVIT S | A FES ST I { IR 1Y
)'3) L 9““’)1 9 ool d8lsl 4;,JLC u‘j} U"‘ QLSS )jlyu 05? )‘M.A
208 oo
aicin 5l il Cud b oo L Olgx eg38l 51y ST (Y
30 95z ge & Clg> (0 7S04 Cod lalold a5 08 F oo

Ol Cage gl oo aid)S I 50 pwlll Alold &jg0h 39290

!, K-Nearest Neighbor Method
2, Adaptive Pareto Archive



Oledld doxe s 9 (il 33908 s pudie (U595 Ly ((Slyg pamiy (M0 e tieo 0Ty (ot ot 395! (6 4y U L

s V155 GHZ "Ll o jgels 5 59, 2 linle] cl o]
Lol ool pldil Vista jans Jele giaaw L alil> 2GB
o ddgi Bolal Ojgo 4y dlus dged V) 4y by e Dledlbl
o]
soals I golasd (oolerin oyl @l alice oy
E3o3n Slossl 13 45 e @l aix sla s (At (8ol
O blae dgai aloads 48,8 |5 4 s 0,5 5 e
O 9 00 g (1S ma g8 5l eslal b Bolay O g0
[YA] el oo J>
oo oals Lid M-P-O-C-T & 50 4y (505 alewg 4 dlee e
oaias ioles P epile slaws [Sle M sae s 5 @ o5 el
slaws Sl C anbad jo Sllee slows Sk O colakad slows
s MOSS (gla zial )y il go o0 olawi T 5 e sla sl
melas (V) 5 (V) Joloz 3illas ( Jlgie slal =] 51 aey NSGA-II
80,5

NSGA-I1 gy o yiolyly ) Jgar

Comr Juiolw W Ey GMaEs el el

Voo v.. LT [0 .

0wy (semmar 9y W oyl Y Joua

Sloss 1,5 Slowi LIS #y  Fy ol
S I B
Jui e O Slome gbUE G gl
Yoo Yoo o/Y VD Y. Y AR A AN R S W

b pilo g wilahad 4y by o WleMb! .Y Jaus

Cal.daéc\.gb,g,oﬁ:l.:ﬁ.w

Uct. 50°) Sladad atws o3ludl
UF- 50¢) awd Ho Jlasl ag e
UE-e gVe-0) Sladad gl Lol loas
Uoos v (ai80) wlabad (oilo ()l

cyisle 45 bgy o leMb

U(\...j\'...)
Ua-- 4104)
UE )
U(a..ﬁﬁ..)

Ortlo £95 0 2> alyje
Sl yos 9 5,055 s po
Celo ;o gl 4 olles 4y j0

Oeile 58 (gl (s p0 ylej

2, Laptop Computer

(Whey ol el oo Joe 3k Sl s Sl glie 5

@ baye Gz sle glpl ol el L ) was ol

A alaly Golol 2 1) CedeS b Slgz g 00,5l S35 o 595!

adgl Jo 5l 1) 093 s ohg) (nl WS (oo o gl

@ Gy sbie 4 oo al (Sileos )5 5 00,5 9,0 ol

A o delol ) 02 (oS S5 >

Sorex )3 S9290 Slae 5o adgl Jo o5 el S5 4 Y

aols oy eSS Sloyl dbi a4 Cod a5 Cel > daolg>

3 9979 ol 51 S e rizmes il [ ) (cwaldd]

solil sl U ol slyr S8 U Slsis 4 dblyz Corax

il els o] Slaise col il el abais 00,5 o

Cewd 4y 5l dge lajlble 5 langy Buaa milgs o> 5l a5 el

[YV51#] el ol

el 5 20 @ adsl Slsz ady a2l slepls

oJg N ool L1, PO olas comaz 5 120 o0y 13 ()

Celre g e L)) ulal g Wigd b3l Saa g (¥
gl (gaidd

858 Oleie a4 Olex golass oalds s slag s elel 5 (F
g e Sl (5 IRl citagi g Ll Jlina Lansgs

gdge 0318 Sl bl yolie y ablis 5 iz glo,Slos (F

g oo (2bj)l Baa i bl sz ;8 O

Ll ol g oS5 oo b (b Camez 5 sz 8 (7
gl (ganady oglre o e

Izl &S Shse s 9 e bl ulal p lacul ool jlse (Y
il plojl alols bl wril Sy as, gl
g o0

Sy ge J 7S g JLas g oS n |y e J- N (A

b > oyt n Gy 4l ezl 4 &5 Gl Sl ol

Ayl 3] s il 4Bl (g ymaS plros) alols aF (S e il

O bl 1) Jed Gloa slade (28l D90 s,

ale ly woie Jo N g S o ije g0920 ©j50 4 4,

LSS S5 0 s8I an b e oS oo odbel (g Jud

DANAT oo plosl o sine

i )95 ol il g Jaluwo digad uadgi .Y -
ahowg 4 sodys Jobo JuSes allie (o1 bt Joe o118
Ay & Jlaos plo3 20,05 o )13 g2 290 wiges Allaa 1)
0030 )5 2l 5 00l sungs oS VIF asws MATLAB 158 o

*, Tournament



4 Ol dozxo duww 9 (ds 3jgas (> o (59T Lo ((Flyg jmiy (e (i 0Ty (G ot 395! (6 U

di = mjin(| £1(%)— £ (%)]+

£1(X)- £ (%))
av

1

S{l-i(d—df}z j=12..0,i%] M
n-1i3

Sl e polis Sl N g wil (o bad (oSike Jaied
asls (6lys 355 oo dnls 55,y alaii 2 sld, ol a3k e
S sl 1o 5 oo solitil dylucad LlE (25505 31 el ool
b gunalol jaslh ples &5 3gdce Al

SaSTy easmolias wil S SGoy e 4 asli ol lade

(QM®) cuds asli V-Y-Y
el alh Wlgioe 2l 4 gk Lol slass a3ls
Sl d oS s atuiie &S 150l o )oS 93 (255l s
Yo el gl 0,880 SO lawgs oads wl)) 65)L lacle>
Slacly iilE 1E an LS s b cuiS asls ansl
S alne 5 B g A S 550l 50 5a oa s e
Sydos ambre 2l POl laclex Slasi )3 g, o e

Dfgry]
e lacle sl 4 baye Guibly U (@) Jsur
Lo oo lis aoy O mhw o ) diged hlew o e 6
) oS laie W laie 4y coms P-valUE jlade aSil 4y 4> g5
SlpSile o &5 S Gl lebl bocnlply o)l
gyl e ol 1y i hlae aiges cilize sla by,
5 03 5l (e LSl DoldS (il diged 5 bagto,
slaasls B 3 1) o680l 50 s Slabre @l (F) Jooxr
L ass oo ylas diges allice VY (6l 1l slagyle) 5 oy (lgie
AL s 55k sl Slez sl o gt Sl (Jsazr (nl & 4z
)98l 0o [l Jlae plas ) a5 28,5 4l Gl oo CoieS
O o |y i g cldS L sl Ol eolpiny

S o adgs NSGA-II 24,551
O IS8 g szl 4 cons a3ls e 4 azg L
Flao el )3 (a3ls nl lie 093 (o0 08t &5 j5blen
NSGA-I 15,65 b awslae ;0 MOSS (o0,651 o digel
S5 Sl Szl 51 sae m 2P e 4 S

NG A RSP

5. Quality Metric

3 ol @l awslio Glp g5 ojlail sl sl V-Y
NSGA-I1 tLMOSS

slaarls 5l ol (saleiiny o8l @S anlie ol
g o ookl y i 4y (6 el

(HARMY) glawsbl 13 comnd (oL ¥-Y-)
% 5k d ol (NPS) 5 slocdyr slass 22l
PLy LS»{[?Qi 3lams e plas 1y 0,6 o lawgs odwl s
Q] p il (Canes adine QLo.i\)g y)b ag sl Olg> slass

¥ - “ e .. . .

P e sbolsr 5wl SAled gy Gk 5l &5 Cul
o ag sl ol Jasie 5l am el Cewsds | Wl
o @ piyefl e e lacls Lol amlie 5 Al
a oS bel gl Loy (o pipesl o e ooliere slacle
led gy b 5l dlaeys LIl ag Bl 0,0 cows
W il pobe; 5yl SosS slal b Jiles (sl i ol
i Coms ails gyl claclsr olaw awglie sbidl, o

HARM = He 0
H

LgL:aJa AL oo Ja.wy aS ol 6‘4?’[5 ‘Hesd}e ‘d‘fl) BN
bog o5 col Glasb Hg wish oo Jil o)l 500 os
s o Sl ) isogn Jdl 5 e o sl
) o W s Ay ISl ae ok 4 S0 5585 slad> (04
J> Olgie 4 ol 9o e bawg oad wlgi L sla o dlli
3 S lasblp cand als Jlade ST 0g aalys S ,e0
hos 53,k e mhaw bl oS casline oy cpl b Y vae
S50 3 D sl 09,5 (S i 555,4 w mha 9, 2
ool sl ) osse gl e Glasllg cas ety Jlade oS
o a5l es oo5l dore e bla a5 caslias cpay

abl Soop Y vae a4 gl Al B cons sl

(SM?) o abold jasls V-Y-¥
SIS e ais o Wlg (o0 g alolh aSla
Shge 4 parlh il SeS b4 o3l g (o ool

. Hyper Area Ratio Metric

. Number of Pareto Solutions
. Comprehensive Enumeration
. Spacing Metric

AW NP



Oledld domxe duww 9 (el 33908 (s oo (ST Lo ((Slyg jmiy (Mo (o 0T (g ot 395U (6 Sy U \C

ol oloy 9 0, dos b Ll o o Jluo digos Jo 50 pin 5951 90 & Slos F Jgu

Ly s Sll (a) 121 o 4l Comd ol (gudy abold Lo oS Ll
” M-P-O-C NSGA-I| MOSS NSGA-I| MOSS NSGA-II MOSS NSGA-II MOSS
) B-0-Y-Y 0 Vo VA -0 Voo Vv VWY Y
Y B-FYY 2 AA -IA Vo v Y0 VA Yy
v [ R 2 Vv VYO -0 YIVY YIY Y0 YoIf
¥ V-Fyoy Vo Vs “IA < IAA YIVO Y0 Y- s
) AR AY Ny Y W Yo Iy e YV
5 Yovoyoy AD Yy VA \ N YI00 Y- Yo
v VoA-YoY a- VYA -IAD V0 YIFo YIVO YA Ty
A A-A-0-0 V-0 VY VY VIY /A Y VRO V4
a A-a-f-0 e VEA -IAD \ YIAD YIA VIO o
Ve LAY Vo VAA VY -0 vio¥ vis V4 vs
X Ve AD§ Vs Yoy VIY VYO A v Y- )
AL bolax wdgi 5o Jiluo diged 9 iz a5l 93 5 ,Shas s by po il )lg Judxi B Jgux
Source of Variation SS df MS F P-value F
Test Proplems 558.61 10.00 55.86 43.40 0.00 1.94
Algorithms 610.30 1.00 610.30 474.19 0.00 3.95
Interaction 67.04 10.00 6.70 521 0.00 1.94
Within 113.26 88.00 1.29
Tota 1349.21 109.00
STy 5500 Joaz )0 ganalold als (g ) oottt L 18
amis BB (solgiiog 0 )8l awgs o 0y slaclsr 5118 . : A
b dged V) )3 guinalold asls (7)) JS& allis 605 § 12 /. \\
Gl 0yge ,0 &5 psbplen amsoe lis 1) oh)sSl 93 L § 0; | e NSGAI
355 4 S e pald ol ar b b grhe pasl Bl —a-0ss
SaSy 5l e sy a5 col gadge nl 5l S w0 ; 04 ——ldeal
Oidgy Lo o (glad 5l i bE g 00 jlo)93 5 (g iy U'z
5 50 35 15,6500 95 szl sl Y ploj aims s 1,8 095 1 2‘3I4I5I5‘718I9 10'11]

b 5l 09 i oloy 5l Sk a5 Gl |, () Jsue
pssdl &S 285w (g ik oo MOSS 2,55
Slade a5 ol Gloye5 Go)...’l.ia 5 asl Judoay LgaLer..w.;
) e ol b WS gz |, o slad i
G ol e o oy NSGAI o8l o o

S &0 A
J> sl oasSTn o sl o 05,0 4 e 5o
Slibos oy 38,5 5 8 b sy Jobo oS5 s
all @asnz ©jp0 4 bapadls 5l 6550y Sl g Alluix
adg o oleins winsSl bl bl gl el o

Spacing Metric

Test problem

)51 95 (6l (slanali1)8 Cannd (Lo Hlado B S0

4.5

35

25

15

0.5

Test problem

== NSGA-Il
- MOSS

w39 90 (ol oss abold s Ll Hlude £ SO



\A|

Ol dozxo duww 9 (ds 3jgas (> o (59T Lo ((Flyg jmiy (e (i 0Ty (G ot 395! (6 U

(8]

(9]

(10]

(11]

(12]

(13]

(14]

[19]

(16]

(17]

(18]

(19]

[20]

Burbidge, J.L., “Comments on Clustering Methods for
Finding GT Group and Families”, J. of Manufacturing
Systems, 12(5), 1993, pp. 428-429.

Schaller, E., “A Methodology for Integrating Cell
Formation and Production Planning in Cellular
Manufacturing”, Annals of Operations Research, 77,
1998, pp 1-21.

Glover, F., “Scatter Search and Path Relinking”, In: D.
Corne, M. Dorigo and F. Glover (Eds.), New methods
in optimization, McGraw Hill Co., 1999.

Arkat, J., Saidi Mehrabad, M., Abbasi, B., “Applying
Smulated Annealing to Cellular Manufacturing System
Design”, Internationa  Journa of  Advanced
Manufacturing Technology, 32(5), 2007, pp.

Yasuda, K., Hu, L., Yin, Y., “A Grouping Genetic
Algorithm for the Multi-Objective Cell Formation
Problem”, Int. J. of Production Research, 43(4), 2005,
pp. 829-853.

Zitzler, E., Deb, K., Thiele, L., “Comparison of Multi-
Objective Evolutionary Algorithms: Emprical Results”,
J. of Evolutionary Computation, 8(2), 2000, pp. 173-
195.

Zitzler, E., Thiele, L., “Multi Objective Evolutionary
Algorithms: A Comparative Case Sudy and Strength-
Pareto Approach”, IEEE Transaction on Evolutionary
Computers, 1999, pp. 1-14.

Beausoleil, R.P., “MOSS Multiobjective Scatter Search
Applied to Non-Linear Multiple Criteria Optimization”,
Eur. J. of Operational Res., 169, 2006, pp. 426-449.

Glover, F., “A Template for Scatter Search and Path
Relinking, in Artificial Evolution”, In: J-K. Hao, E.
Lutton, E. Ronad, M. Schoenauer and D. Snyers
(Eds.), Lecture Notes in Computer Science, Springer,
1998, pp. 13-54.

Tavakkoli-Moghaddam, R., Javadian, N., Javadi, B.,
Safael, N., “Design of a Facility Layout Problem in
Cellular Manufacturing Systems with Stochastic
Demands”, Applied Mathematics and Computation,
184(2), 2007, pp. 721-728.

Venugopal, V., Narendran, T., “A Genetic Algorithm
Approach to the Machine Component Grouping
Problem with Multiple Objectives”, Computer &
Industrial Engineering, 22(4), 1992, pp. 469-480.

Zhao, C., Wu, Z., “A Genetic Algorithm for
Manufacturing Cell Formation with Multiple Routes
and Multiple Objectives’, Int. J. of production
Research, 38(2), 2000, pp. 385-395.

Agrawal, D., Sahu, S, Ray, P.K., “Cell Formation in
Cellular Manufacturing: A Multi-Objective Genetic
Algorithm Approach”, The 3rd Int. Conf. on Group
Technology and Cellular Manufacturing, Groningen:
the Netherlands, 2006, pp. 401-410.

ssbie 4 iy S95UsS olml sl ol 5 5y slacly
o el ojline Wiz ) Sl e slad i e
auie Jols S anie 0,5 Jlas o)l Sloal ol as
5 Slles anie dagnile 05 anje oJe n U~
2 oedle 5l (6550 0 gl (3ged S Tao el e 5 (5,005
Sl SrSore goba Ol Szl o5 Pl g oy pitan
A5 5 Joe o (adshe o )L oged VL () L5l

Sl 00l 4285
L ooasSTy semins pinysl las ol odoes conle Jds &
i Ahb g sl L (lp wes el sle (S
Gz wl sl soleiin sl L ool plas sl
dan sz S slapt o8l on e 5 (Ko b s wiz eassTy
ool p s iz diged blee 55, » NSGA-IL
(Sl @l ab anlie Wil ol sla asls

A )0 Se5 eyl A o | eoleiiy ol e 218
bhog bl Jo ol ax )8 canl ool lis oads ol els

wﬂ.\s Lg/u): Lol el )A.AAA.I-J ‘5.05 o..x».s‘}: 692&...} M)sin
ol ool s NSGA-I &) corns MOSS i 5! (slacly

B cooliiing pinysSl CoheS 4 G S oloy Lial3dl oS
el et

&l
[1] Mitrofanov, SP., Scientific Principles of Group
Technology, Technical Report, National Lending
Library, London, 1996.

[2] Mansouri, SAA., Mottar-Husseini, SH., Zegordi, S.H.,
“A Genetic Algorithm for Multiple Objective Dealing
with Exceptional Element in Cellular Manufacturing”,
Production Planning & Control, 14, 2003, pp. 437-446.

[3] Burbidge, J., Dale, B., “Planning the Introduction and
Predicting the Benefits of Group Technology”,
Engineering Costs and Production Economics, 8, 1984,
pp. 117-128.

[4] Adeil, G, Rgamani, D., Strong, D., “Cell Formation
Considering  Alternative  Routings”, International
Journal of Production Research, 34(5),1996, pp. 1961-
1980.

[5] Selim, H., Askin R.G., Vakharia, A.J., “Cell Formation
in Group Technology: Review Evaluation and
Directions for Future Research”, Computers and
Industrial Engineering, 22(2), 1997, pp. 215-225.

[6] Tavakkoli-Moghaddam, R., Ranjbar-Bourani, M.,
Mirzahosseinian, H., Aryanezhad M.B., “A New Multi-
Objective Model for a Cell Formation Problem
Considering Machine Utilization and Alternative
Process Routes”, Int. J. of Engineering, Transaction A:
Basic, 22(1), 2009, pp. 21-32.

[7] Deb, K., Multi-Objective Optimization Using
Evalutionary Algorithms, John Wiley & Sons, 2003.



