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4 4 3  J i i a ~ n i m ' n i i ~ m n i m ~ u i n ~ l u a i u n i ~ d ~ r n a u r 0 a u 6  iad~au~noaauanuj ium 

naunuaatianiSutnimhir6aniiaM~ri n i t i l n m n i ~ i n u  (Work Study) daLfluiid14unu 
1 44 ~ a a ~ n i t i i a ~ ~ i n n i r i l n ~ i ? ' l n i ~ d i a i u  (Method study) unrnir~utwnaiu 

(Work Measurement) ~ma~~n'ini?ilnwiari iai jrz~iiuu~anirn'iaiuaaanuuaz~9i?Ildi 
4 

as6dmnauiiaq d~wn iadz~n3n i~un r~n ia raaan i~ ia i u  ~naCibJ~niSutnirnhruint 
i J siiaq~&adiarauira~~ ~ n a n ~ n m a ~ a k n ~ i a ~ a ~ i u i ~ n d ? r q n 6 ~ % i n ' u n q w ~ n i ~ m ~ u q n n i t  
i J dzneu (Boysen.2007) d a ~ n ~ a % a a ~ u n i ~ h a u ~ r w ' w u i u ' ~ ~ ~ i ~ a a i i a ~  unrnimi~nniinn 

~auimu~biuid%qnflflunips'mam~uinr k a n ~ i ~ i u ~ ~ ~ ~ n n a i u ~ n i i a ~ a a ~ a ~ i ~ ~ f l u  
4 w  A uei~zaoiuu~unqm 

k u ~ ~ a i a m ~ % n a u ~ f l u ~ ~ n r r u ~ ~ ~ u ~ % ~ a n ' u n i r ~ i ~ u m ~ u u u  niraiaiiuadonaa 

~njmaqnr unziutarnrrinaiu niuaoiiiaiu (Work Station) nirriiuuutaiu (Task Allocation) 

n i u ~ i i a i i n ' n i i a ~ d i l a ~  ~ d a ~ f i n i t i i ~ t u n i t w ? i n i j ~ t z ~ n ~ n i r r ~ a q n  
Y 

(Erel and Geacen,l998)(Nakade and Ohno,1999) 81?un~Wiiw~msiwnrii~'~m'id'I~n'u~~nr 

n n i f i ~ i u  ~ d a l i a a n i ~ m n n i ~ i a i u ~ 3 ~ ~ a ~ i ~ l ~ n & ~ 1 ; u a n ' u  riiuadaaaa~unaunifiiaiu 
C 

m i a l  ~zpn~iuuutuduauniuiim'u~u~iuaianitdrrn~u unmisninltrnauqzpnu~a 
4 ,  4 aan~lunniihriu (work Station) uniuaniuma~uatnit i a i i a l  ~ u i i d i w n i ~ a i a n i d t r n a ~ ~  

~~~llunitir~irruiriiuuutaiuun=:ani~~aut~aui~a~ rda~nitwiimijnirl#nhuinrI8;ariia 

LV3JI=:OIU 



1.1 I ~ U L ~ V V I K ~ ~ I I ~ ~ U I ~ A " ~ ~ ~ ~ B . ~ ~ ~ ~ H ~  
v Y r l  

d i a ~ u n i u n i t d t r n ~ u t n u u 6 ~ u ~ r u ~ ~ i n u n n i t d t r n ~ u a a n n ~ u n ~ ~ h i u  

(Baltholdi, 1993) ~a& id iuunr&~una i  kudnrin~iuddtrnauda~luu~n~&iuqziiiqnotu 
v i d t z n e u ~ u d a u d i ~ ~ ~ ~ i ~ ~ a 5 ~ t n u u ~ ~ n a u d 1 u u d n r n n 1 ~ ~ i u  luuiaiiqnnrmrinqiuda~ 

J 
nial i iuhuriaXiunai aiqqrliadtmauiudauna~u3~aww t~nniana~w'a5atnuudi  ti 

Y ~sirm'naorrui1~iluaiudn1u1mdznau~&~in&iu1ma"iu~d~~aa~~wn'~6 iaulti iqnnu 

a~uni~&iua"iuunr&iunai~rinaiukuw'ud~~~iimYYh~n'ld ~n f i ad iq~du  ~iudznaui;alau 
i C i 

a"iu~i~unr~iud0=:n~uii~~~u&iunai q r d z n e u ~ m a ~ ~ e h a n ' ~ n i d ~ n a u r ~ h ~ u u 6 a  aqh 
C v 

a k n i ~ ~ u ~ ~ n m d n i r n m d z n a u r ~ ; ~ i n n ' a ~ a ~ & i u n ~ a w ' a ~ ~ m ~ m 6  kriuaiurltmsuiiahu 

~udiaunr~iunai~r~naiukuw'udr~~ii~u&aun'u~udiu~iuddtrnau~&~in&iu'~s,&iu 
i Y uuonoahw~wn'w6 ~ ~ h n ~ n i ~ 4 1 ~ ~ n ~ ~ ~ i i f i n i ~ 0 1 ~ ~ 9 n ~ h  (Mate-station) 

C 

uunionitdtmauqri@tnuu6~~nad 2@&aufi ;a @ A,B kclqn'dufiuininii 
Y 

$udaunadi'aCqhumnrd?u i ~ u i d t r n a u ~ i a u u  qu~Bunif imau6 ( ~ o d ~ )  qlnriudc 
Y JJ 

rm%ura"7ldlunzuauni~iA (Paint) unrnzuaunisoYmlrlqra'3uiuianau~nwna0wunn~ulq 

Anan Qs~luwundznaumt ld  (Assembly) ~ a d n m a u n i d z n a u n  Muriaiudznau 
r Y v 

Y Y r l  ~ud~unialunu~ntaudauniuuan (Trim Line: TL) qinriwan~ndiu TL qrpnddddznau 
i h h d d a a f i u  zuud.trhRj unrtruu~u7 (Mechanical Line: ML) kuqriulaanii!d'&lh 

~aa~ lun t ruaun in t~n  r m h n i i n n ~ i a i u i a u  (Sub-assembly: Sa) q r ~ i n i d z n e u d a u  

aXn7nawnuulitdu naulanurii ~nhauun' t a u d ~ ~ i i ~ j  ~iluSjU & n w n ~ n l t r n e ~  TL. ML 
J 

unz Sa qruam'luplniwn 1.1 
Y i 4 ~uaiu?iueu'uunulqilnan~udauna~ TL ~qunid?rnau*q@ A unr B aduuniunit 

dnnau~zuaiiu ~~qzuunaan~ilwiudtrnau~udauniu~uf~u~d~~~udatdn~uuan d i a n i i  

nidtmau1udaui4iu.lu 11 nni~aiuan'n 31 n n i ~ ~ n ~ t u h u  (Mate-station) be i i uau  
rl na~ao i i a iuan 'nunran i i a iu iau~rpnr i i aumlmu~a~nuuun iun i td t rn~una~~u  

d m u n i m l u n ~ ~ m n t t a ~ u d i a ~ n a ~ ~ n i i a i u  d i a h n i u n i d t n u n u 6 @  A unr B $u 

~r1dinitl1~n%~4nw'w0uu~lunidznau r ~ a a q i n ~ i l u a i u ~ ~ k ~ d l i a ~ ' ~ ~ n a i u n i u ~ t n n a ~  
C 

nrlnciuriluan'n ludaun~nr~ i ium~~~ua~u4 iuau~ni i . j iua~nunr~n i~ i iqnt~hu3uqr  

unm;rhwimad 1 .  i 









i l q j ~ i r n u i i a i u n i t d ? z n ~ u  snuu6il9j~'u ipnaanuuubua i~d3zaun l?d  4 4  

i unntniunintnr.2 n u i i ~ t u i a n i i t i u i  3 i i~anirftumu~aninitwS~ damuLaninitwfin 

il=~qY'u~viifi 22 u i i  u n z r ~ u a i ~ ~ q ~ ~ i ' ~ $ ~ ~ m ~ a n a m ~ u n t z u a u n ~ ~  (Bottle Neck) 6tZunnii 

tiud 2 Z u q z u h a i u u n i  3 dkd iu imdat iu~dn 'uan i~d 3 Ui ~dat~ inc ln i i t iud  3 
Ir 

r i u k r i i t i u k ~ a k  r i i l $ r i a o i ~ i u ~ l ~ ~ a n i u i n d q m u i n d ~ m ~ z ~ f l u ~ a r i ~ ~ u m m ' ~ ~ a n ~ n ~ t ~ S m  

u n z " u n ? i n i ~ ' l ~ ~ a n i ~ u n i ? w ~ n ~ ~ i n ' u  100% unzdt wnfnumuiad~z3n%niwntlt~ni$tiu 
A 
su l  ~ ~ a t ~ i n d n i ~ l ~ ~ a n i ~ a u n i i ~ n i i t i u ; I  3 

~ ~ ~ ~ n i ~ ~ f i ~ ~ ~ d ~ t ~ ~ ~ i d ? n ~ ~ ~ ~ ~ n i ~ ~ f i ~ ? " l d ~ ~  18 f h  (TaM Time dit% 22 ul i /  
J I%J bun* A wsn 12 niunz* B wfin 6 ni) ~dad~ imc idz3n%niw,aan i~0znaubu  

* Y 
~ebunat f i ju  A unr B wuiirviitTu 58.5% ~ t i ~ t ~ ~ ~ l i i u a i r a q u i ~ i n ~ a a n u u u ~ i u n i t  

id: dzn~u2);ai~dzauni?m"1u9'ma~tiuttnimz~!uu~nimunu~auari1t~m~qu unzf i~f lu 

ni~~~4il$~ftmni~l1nhuin~luniollznau~~~u1r~u 



qinninafi 1.2 nr i ia r~ i idz~n2niwaiun idznau~uiq inr ] t : :~n~ni~an1 ida iubu~~~u 
J d J  * 

~-,dawnrianiniiam%uintsiia~ du rnwauanl+ilunitw'im 9% nin'nar36iknu M u  

n~~nauqnaiuninlt=:nauq=:~i]uGni~~=:?~~us'nattaiuluuein=:an~idaiul~initli~an~lu 

nin lmnaui ln~~~uan i r  ~acii~~nitlinhsintluni~3m~fiti1a~vu1=:~u 
4 Y  J J  t, 

aiua~un~nuan'unidn~uq~aiunidt=:nau~u~~uflcyv~'Lu~~an~dn k u d a ~ h i  
J d w - w  l i i6u~aiu8uiuS~aa~iun~vui=:au uunaquuinuiuldiiuui3"s~1a~ui~wal~un1tv1 

i i n e u  (Boysen and Scho11.2006) ~ i i n i m u f a u a i u i i U  ~ ~ 6 ~ 1 % ~ ~ ~ ~ n i ~ ~ ( l ~ ~ f l ~ i ~ n i f  
w  4 -4 d z n a u  b~uu~ ia~ i ]u  3  d?=:mnvnnno asn i?n ia~??~~n(~eu r i s t i c )  ? a n i m i a ~ u m = : ~ a ~ a ~ n  

(Meta-Heuristic) u a = : ~ ~ n ~ s n i a ~ ~ s r f i i ~ w $ ( ~ a t h e m a t i c  Model) unmu"i i~nimia~a%' in  
* Y ~ u ~ n ~ r q n c i i u i a ~ i a i i w a u l u ~ u a a ~ u  (Initial Solution) darfIu~ntiufliinin5lauqn 

aiunidtrnau ~ ~ u i l q j v i r ~ u i i u i n  (NP-~ard) i~na iu (audbu~iu~aer i~~aun6i~a  vuiuiia 
Y ~ l c y v i ~ l i ~ a n i l r m i t v ~ ~ i m a u u i a u i u  unrLafiilunit~iriinauqzL~uuinauL3uuuu 

~e'n~lhuudun~de$fl~tti~$uuiniu ~ t n d ~ a ~ ~ i ~ n i s n i a n ~ m f i i a w $  ~ v u i z a u i q = : m  
Jd z J i i i ~ ~ a i r m u a u w a u ~ i ~ i i u  10 mu ( d i t r u ~ ,  2546) 4aiuwaunidznautnaum"~uaauLawn 

9 

aulq $183 aiu (429 dmu~a) ~ i u n i ~ t = : ~ u i a ~ 1 ~ ~ u q = : i i n i ~ t = : n ~ u t n u u ~ a 2  A 

nit~ivun~aniu1nt~~uaaaaiudt::naumuu6 ufi=:cii~aniu~mtjiuu~4n~uq~aiun1 t 
Jll w  d f ~ n e u  n u f l n ~ ~ ~ a a ~ ~ i a n i ~ d ? , v n a u ~ i l u u u u a o a d j i u  (Two-Sided Assembly Line 

Balancing: TALB) ~9f lnid%qnfiniaa~?a~n & u l i a a n i m a n u u u n i u n i d z n ~ ~ ' I i i ~ ~  

niulhmu nninisut w i i i i ~ u n  



3) ~ in i?dna i f l yv in i?~m~uqn~iu~~maai luwund?zndu?nuu6 (Assembly) l u  
u 

ntzuauni~~id~znau~uda~11iu1unu~d~~3uda~11iuu~n (Trim Line) 11 nni; 

~iuvCnunz 31 an?;Zqnssuhu 

4) ~ n ~ i ~ ~ u n r u d i v h ~ f l u n i m ~ n ~ u u ~ n z < m a ~ q n a i u n ~ ~ ~ z n ~ u d ~ v h ~ ~ u d ~ z n a ~  

~ n u u 6  
i 

5) n i ~ ? ' m w n ~ z l ~ 3 q i ~ ~ i ~ i n d ~ z ~ n ~ n i ~ a ~ ~ a i u n 1 ~ d t z n ~ u ~ n r ~ a n 1 i 1 ~ ~ 1 u  m 

d~uanrm~in~d?un?udiv%nis(s'mauqnaiunidznau~uu~a~~~u 

J 
(Work Element) n i u ~ u a n i % i d i q n ~ ~ u i z a u  

2) ~iluaiunidtrnaudizuun~~w~~uuu~ilu~m (Batch) 
4 

3) nnu%ayn~%i (Input) adWuri tnlrranibni~w8m (Takt Time) unz%nidtmsu 
J ,Y 83 u 

4) ~~n in i r J i a i umn  luru5uciiKuniSmm unzluau5uanihirJi~iuGuq 
J 

5) nnidiu~dnuufunitw~m~ivs'utnuuw'ueinzfu qz Id~ua~6~e i ih~ iur i~uvr i i i  unr 

pnnuI3u&ariu~aniii~Su.~iu 

fia~'Iri~8uzuzmu~ani'Iuni~w~~ (Cycle Time: CT) 

I .5 Cn~wm~ilqjwn 

& u ~ i ~ i l ~ v i d z m m n i ~ m ~ u ~ n a i u n i t d ~ z n u  (Assembly Line Balancing) ~?uqr 
A ~ i l u n i n ' n n r m ~ u i n m n z ~ ~ o u ~ a d ~ f l u n i ~ w ~ m  ~ d u  wrinqiu rni'oaqin? .riuBaueiiaq n u l d  



1 n ~ ~ a n i d l ~ u n i ~ w 5 i n ~ u ~ i ~ n ~ i i ~ n ~ ~ u n i t d ~ u ~ ~ i u ~ ~ ~ n ~ ~ u n i i ~ a n i u i ~ ~ ~ i u 1 u n i t ~ i ~ i u  - U  1 4 4  

(Standard Time) r#ariimdm~n~ningaqm d t i q t ~ c i ~ d ~ ~ u i q i ~ ~ ~ d ~ = : $ i ~ ~ : q ~ t ~ ~ ~ d ~ % u ~  

n'u lunm=:di in i t4auqnalunidt=:nau diiwiuilyridtrrnnm'~nciia qruriqaan~flu 2 
J i 

dmrnn (Helgeson and Bimie.1961) ;a flywid%t.nnnl: n i P i m a u ~ ~ n i u n i ~ t = : n a ~  LnaH 

%iuauaniihriur~audqm kuriiwuntounninitwiin (Cycle Time) u i~ f iun t f l yu idmnn 

d 2: nin'nauqnniuninltmau rialfi~iinmuLaninitwZw Gaudqm kariiwumaniQiuu1 

lfi d~flywidaulqtu4mo~ludmrnnd I 
J 

aiunidmnau (Assembly Line) q= :dmnau~mjuan i i~ iu  (Work Station) nd?=:nau 
Ir J i  J J 

~ ~ a u ~ i u u i n n i i w d ~ q i u  ~ ~ ~ ~ i a i ~ n i ~ ~ = : n a u d a u t ~ 3 u ~ d t = : i d n ' i n i ~ n ~ i ~ u o ~ q i n ~ a n i n  
J 

umnmiqfiu umn=:anii~iutlCnnniuluanii~iu~~d~=:nau~d~au~ni~~iuii~nttu31u q=: 

d s w n b u n t ~ i e n i d ~ n a u  d a # a ~ a i r ~ u n i ~ ~ i ~ m i n 1 ~ ~ m w ' i u w d ~ n a ~ ~ ~ m a u n i 6 i ~ i u ~ i ~ ~  
" i .r 

niuiim'Y~u~~aulniiKunaiukuw'uB ~ d u  QiuHuiuLnn 1 q=:$ia.~iifi~u~iuwuiu~nn 2 hcu 
Jd 0 nimrr~iuauaniiwiuii~n??uhudru'~wui~aun'udou~~haiukuw'u~o~~iuai~q=:~r~ii~fi 

' J o  
rani~unitw~n~uurin=:ani~Qiutl~ntuaamndaqn'u 3qnni~yd~aanuuuaiuninlt=:nau 

ii~flud~=:#a~~~itmi~~~ani'~uuin=:~nii;~iuw~nha~=:~nd~~u~n'u~itl~~~iinnitiiil~iu 
J ' J o  Gaunqm l u r i i u a ~ W u a n ' u 9 0 u n n i n i ~ w Z m q = : ~ f l u A ~ n n i ~ i u  

i rua . r iudpn~natma~~~unn i i~ iu  i i~aninitrii~iunu~rii~umu ~an in i tw~m unrCqiiaiu 
i o u 7 d ~ q l r j l ~ q n ~ n a d a n i i . j i u  luniad jYriaiqq=:~~maniiaiulwrj w%nitLiuLanilrinu 

ctniiwiu idu ni?L$uiiuaunrinciu m u l d f i s n i n l h d ~ ~ n i 6 i ~ i u  (work improvement) ~ i a  

nmLaniriulJiciunq ~ n ~ i u i s r i i c ~ r u d ~ d ~ u n i i  unin'nauqnaioninlt=:naun ba f i i a iu  
Y 

ninlmauiinaiuauqnn'uoLii.~un"c~?~ nni~f luuin=:~ni i~iuq=: i i~ i~r i in 'u d~Liinnu'Muin 
Ir 

hnninua,?ndauni6iiliu~'s~ k ~ u ~ ~ n i 6 i ~ f i ~ a n i ~ u u d n = : ~ n i ~ ; 1 i u ~ n d ~ ~ u ~ n ' u  @anuuu 
0 *I( 

aiunitd~=:nauai~~=:u~lsnitdiudp~~iu (ECRS) r%iuidaunmnaiugy~dtlu~.~qin 

niXmauqnaiuninlmnaumald 

i .e rt741nuir~a1u~d'lunisl'9"a 
" 

lrmi~ilnmfi~ilywiniPimauqnaiuninlmnau~uu~3~n'mn'~au31dha~1na1u 

~%i~qfiuiiiruiudlifua%a~n'uni~m~u~naiunidmnoum'ilko 
Ir 

I )  aiu.tiuninlmnsu (Assembly Line) iianiu.riud~fluni~llt=:nau~u~auu~nn'mn'k~ 

u~%uqurl'jl3 (Becker and Scholl, 2004) 



A 
2) nuqnniunidrrnau (Assembly Line Balancing) v%riun~ntldiavuaiinuqa~iu 

J  
nidmnsu (Production Line Balancing) iianiniivwaiun'ia~~unidtrnflu~u)iln 

viitrinimaiu~unniiaiumia~'Ind~~~an'u (Boysen et,al. 2007) 
J J  A Y Y 

3) f in id~ lsn??~i?u (Mate-station) h Rnidaiun~nua~uaa~uuar~u~aluld'uihalu 

~ i /u?~aa~~aci i~ur - iauv~a ~ u ~ n r ) ; i u ~ a a ~ ? i n n ' I l d ~ ( ~ ~ h o l d i ,  1993) 

4) nrinaiu (Operator) vuiuZa nrinaiudidauLifua1aan'unisllrrn~ubumra u n r i  

~ ~ l d ! l ~ r t ~ ~ ~ T a ' B I ~ q ~  
Y 

5) aa?aiin (Heuristic) ~il~cii~u~uaaani~~ir~ldinirn'm~dan~uni?!i~umaiu'ISin"U 

noi ia iu daiuim~halfiun~inniss'mM~fluL~ua~idu~u (Initial Solution) budm'l 
J  J  h w  luu~nrraunaanirS~ir t ld iq~~uiuiun'm~d~n nf t~nrr~aiunrvui raunqn 

J  Y 

t m u a i r T u n i ~ ~ n ' i ~ n u i n n i i n ~ r r i l r m i r d ~ ~ r i n i a n r i i m ~ i a m ~  6ariu4abiaiqqr 

iudzniil~iiun6n8;i'a~nui ~ u ~ v u i r a u d ~ r n  ai ia l t r in iu~aanuuuaiun~d~nau 
Y J  

~irrirnliiundli;~innir~m~nul~a3~iinCuuidiud~a~inau~unii~~nu~in 
J  -I Y 

~vuiraunqnnqr;liulunni~uamd~u~u~ (Bartholdi, 1993) ,(Lee et.al, 2001) 

6) n i rd iudtani rv i ia iu  (ECRS) rBunirriivu~drrrnn~anidau~iiuunr~ani 

WtzanZninIi; 4aaiuirnr<mv~nm~ani~anoiia~bibiaunir r~nciudaud~rii ir i lu 
Y Y 4 4  tauritauunairnauqaaalu dilJi~unaunitdiaiu4ionu v r a u n i r l ~ ~ r ~ a 5 a u n t :  

A 
qdntdi ir~r%iuidau ~aqridm~~a~n'ani~mnu~naiunisl l0=:nt lu ruaa~in#nit 

Y 
r l ~ d t ~ n i r r i i a i u a i q ~ ~ ~ i l i i ~ ~ ~ o ' m s 7 n i r l ~ n ~ u i n ~ i r l ~ ~ n Z n i ~ ~ i n ~ u  (5~4'0, 

2548) (hh??tU, 2550) 



1.8 3Zh~Qunifi+1 
I) ~nmnniwflq~y'u un~ f l ~ r r i r o~~ iud~neumuu6  

- w  J J  1 d 
2) i l n m n ~ a j u n ~ a l r n ~ ~ n L n t l 9 ~ e ~ n ' u n i ? i m ~ ~ q n ~ i ~ n i d ? = : n a ~ ~ ~ ~ d n ~ 9 d n l ~ ~ 4  

B93Zn 

3) t ~ u t ~ u i e y n r a t r ~ n ~ n i t n ' i . j ~ u u n r i m n ' i ~ ~ u ~ i m t ~ ~ u t ~ ~ \ d n i t ~ i i ~ ~ i i ~ ~ u  

riatdtl&qaeqqiud~=:neu tnuu6 

4) n n n w n ' i n i n ' n n u r l n n i ~ ? = : n ~ u ~ u u n ~ ~ 6 ~ u k ~ ~ ~ n ~ m i ~ ~ ~ ~ ~ ~ n ~ d ~ ~ i \ d i m n " i  

Id tunsu 

5) ~ ~ ~ ~ ~ u n ~ ~ ~ d e ~ d u ~ ~ ~ e ~ ~ t ] ~ u n i s s ' m ~ ~ q a n i ~ ~ n i s l ~ t = : n e ~ ~ ~ ~ ~ ~ e . ~ ~ ~ u u f l ~ ~ ~ n i t  
* 4 4 ' '  nmnauwnbnnitl3K9ariic91u 10 unr 22 ciuqinCu%rii%ay nqtqn~nu9inm 

d~naurnsuiiuidt=:u~nt~nlufdtun4~~imii$~ 



luun6s::npiiqd.mqw j~1~~d~Au~io~n'unisw'~ui~"snis7'~au~a~iun1sds::nou lnu 
Y t z r  

~ul lnn is r i l aun l~a lu lm~~iu  (Standard Time) l l n~u~d i l n i f i na1un l~d~ : :nau  MdULWfl 

~~uuu~niaIun~svi~lu~~~a::n~s+na~~an~uni~sznauuuu~a~h"i~ tquId'lqqiui+tsiirld 

LA"?$ad 

n i s ? n w i n i ~ i i ~ i u  (Work Study) ds: :nau~~unisZn~i~"s (Method) ~~ozn i~Tmwa~ iu  

iilrrunnalulnTj1u (Standard Time) lunlsfi7diu L ~ ~ ~ % A W ~ U G ~ C M ~ ~ M ~ ~ ~ U I ~ Y ~ I M  4.1 

~ 1 ~ ~ R L ~ ~ l ~ l ~ ~ l ~  (Standard time) ~ ~ n l f ~ l d l ~ b L ~  L ? ~ l u l ~ Y j l ~ l ~ L ~ ~ L ~ ~ ~ d ~ ~  
tr 

l ~ ~ ~ l ~ ~ ~ ~ ? ~ l n l ~ ~ l d l ~ t l ~ d ~ ~ ~ ~ ~ ~ ~  ~ l ~ l ~ ~ ~ ~ l n l T ~ l d l ~ ~ ~ d ~ ~ d l ~ ~ l ~ ~ ~ ~ ~ ~ l ~ ~ ~ l  

u i n q i u  ~ d a i n ~ n L ~ a 1 ~ ~ ~ d s : : ~ M ~ n i w ~ u n i f i i d i u ~ u  ~::iiWdiuu'r~it~siuI6n'uM'~~M' 

d~uvdsiln?wini~nistJGmpa\1diu.jiuds::nauiqId~a niniinnemm (Bottle Neck) d d ~ o l i r  



d 
2.1 .I .I ~ I ~ A ° I U ~ ~ M I ~ I ~ ~ I L ~ ~ E ~ ~ ~ I Q ~ I U   simple Mathematical Computation) 

rqun i t i iu~m~muoi~u+~y~n lsr r? im ~ ~ ~ ~ l ~ ~ l ~ d d l ~ ~ ~ ~ ~ s l ~ i ~ d A i t  - - 
i ~ a i ~ i i l u n i ~ i i . r i u ~ ~ ~ ~ m i i ~ : ~ 6 r ~ a i ~ i m s ~ i u ' 1 1 o ~ n i s d ~ u m ~ i ~ ~ ~ ~  





4) TtauacGMgn~aai 
Y 

9 -  4 n i s ~ " ~ ~ ~ a i s i o n s z i i ~ m m ~ ~  

n. nink$nL?aiauu~iaL&d (Continuous Timing) i;on?riu~?a7~~uuGmFio6u 

a. n i ~ 1 k ~ n ~ ? a i ~ ~ u u " o u n 6 u  (Repetitive timing 14% Snapback timing) 

4 " A d  

1?ni9?das4rtdazdiuEi~o uonqinLtldu?P Accumulating Timing &R&IU 



5) fiiclum4iuau~~suns 
l, 

IumsAnai~~rni~ii~;Im"u~~~iqq::7'u L~OIILJ 5-1 o ig7'ntnisviiriu u&??i?t.sriiui 
l , l , a  
v c l d  -d 4 -9 1 

widi~iu?uilI<ns~~vIui::au~uniss'uL~ai nauLwsn?iunooe!6ni4anw?iL?nidLsi 
Y * 

. i u l h ~ u n i ~ m u a o ~ ~ ~ ~ i n i s i i ; I i u f i a u n ~ ' s ~ l u n s ~ G ~ u ~ ~ ' ~ ~ ~ ~ n ~ u k ~ o i ~ ~ ~ P ; ~ ~ o ~  
l, 

n i l  30 %~%mla" t-Distribution ~RO~IUIS~III Sample Standard Error IAintpr64G 

d.rkiao4 t ~udtciuwiu,uimae;IiBr?nrr~m Degree of freedom f i l L f l ~ ~ n l ' 3 ~ f i  

41 x RRI~~LR&Iu~I~~F~I u WL;U k 10 % J l l U ~ h ~ ~ l l i l l n ? l ~ ~ ~ ~ &  90% L?II~SIU~~I 

C Y  4 ~ ? i ~ ~ n i ~ L R ~ o u a o ~ ~ o ~ n I ~ 9 i n  c?moriiR?iuuriudi8u~n~mq~ 

6) nisds~~~u.il"mnnisM"i.~iu 
a ,. 

n i s L J ~ t . ~ i j u ~ m ~ i n ~ i u ~ f ~  (Rating) f l o r u ~ u n i t ~ ; ~ ~ n ~ n ~ s A n a ~ ~ ~ n ~ ' L /  



~ ? l u ~ % d s n R  (Normal Pace) Ao ~o ln lw i i a l uaoanua7uLa~u iq i 7q~u  

nlu'ln*nlsuu:~i~~nm"oa u~:~oln~?n~~s~nt:qiuqin~uslrim~ms~Rq~uLj~d 

niu1sonan~hu6'1Tu~~1 f m ~ ~ U ' T i o ~ ~ ~ ~ m n ~ i u ~ ~ " s u m n ~ a ~ i a n i f l w " s o ~ w ~ ~ ~ " s ~ m " o ~  

C 

6iiruiuii~~~ni1auinlun~iurruiuiaui~lGrisaSuins~ilurrrinlun1tflna1 

~ d u  nls~iiu'luQo~nq~uGq 3 ~utiriaihfua I n s n ' l q ~ 6 i i l ~ i ~  27 au. ~?isonisusn 

~ v i  52 lu aon~au 4 nea L i ~ u ~ d i i ~ w i ; s u < ~ ~ t ~  tilth I 4n1+inm 0.05 ui4 L~IGU 

L L ~ : ~ ~ U ~ ~ I Y ~ G G B ~ T I ~ ~ " ~ ~ W I U ~ ~  ~ i u  

n. Skill Effort Rating 

li. Westing House System of Rating 

BI. Synthetic Rating 

a. Objective Rating 

1. Physiological Evaluation of Performance Level 

a. Performance Rating 
-4-4- 

~ncnowl:% Performance Rating L i l u ? ~ ~ u f l u u l n i ~ ~ ~ o n i f ~ + ~ ~ l u L ' i ~ ~ u n i ~  

vi~~~uro~nw~u~ilu6~6mZuPmuo~~~m~flu % ~ i l u u h  / r u .  w?'.owj?uim:u7n'l& 

d.lulrr~~:sl~utIrnRnldk~l~msl~9lu~?'3 (Rating Scale) ~ . ~ c € J U H G Q ~ ~ ~ ; ? L < U  4 

LlUU 

n Scale 100 - 133 i h % ~ s ? d ~ n ~ o d i  100 uR: Average lncentive Pace od 

tiv4la 1 15-145 L L ~ : ~ I L O ~ U P ~ ~ N Q  130 ~tt6uiU(?aIPm~4$ 200 

a. Scale 60-80 dbsidmGo$60 ua:: Average lncentive Pace a4s:uila 

70-80 h i i ~ ~ q ~ f i f l f j d  120 
A a 

A .  Scale lncentive 125% 7:Ghwm: Scale BIa"1fl A ~ ~ ~ L J L ~ U U M ~ ~ ~  LLd.6 

i i l rrumri lraisaa~nls~+s::uu~u~q~q~~i  125% ~ ~ u m ~ 6 ( 6 e n c h r n a r k )  

LIR~T~WL~-R 2550 m m ~ ~ u d ~ i w n " d ~ m ~ ~ d d  

Scale 0-1 00 Average lncentive Pace sf$ 100% LfluLntu66Jk&hfl 



n. L ' I A I L ~ ~ ~ ~ I W ~ ~ ~ ~ R R  (Personal Allowance) &I L?aiLdol~nua1uvi~~9dc1ui~ 

~ i u  11~fioi0.l:i. E i l ~ i o ,  finXu61 L ~ U A U  ~ ' ~ ~ ~ ~ i j ' o ~ / ? u ~ n n ~ Z ~ ~ f i i ~ q : : ~ ~ r n n s i ~ . j  
C 

f iuiuPiirr?uqn~~ri~q uin'Guriu~n~wunnn"o~~~a::"~~Gnna~.~iun"qu 

a. ~ ? R l l ~ ~ ~ l ~ ? ~ ~ ? l ~ ~ ~ " s ~ ~  (Fatigue Allowance) i ;8n~ l l i je1 i l r r?u~? iu  

~ w d a o ~ ~ L i a q ~ i n n i o v i i 4 i u  usi~u~nirrno~nisvi~~iuil~~fiun~~u~cf~au~~ 

n. n ~ i ~ d o ~ ~ a ~ u n ~ ~ u r i ~ . a " ~  (Delay or Contingency) Ae n?iur i lholsL~n'Ln"k 

uuuw8n ~ d a a ~ ~  (Avoidable Delay) o a z u u u w 8 m d u d ~ 1  (Unavoidable 

Delay) 6i~fluh?1~rii.a"1Ci'~~n~du~~rn" ~ ~ m ~ ~ ~ ~ n ~ z ~ i % : : ~ l j ~ n ~ ~ u i ~ m l ~ n ~ ~  

P;IU'INL~RIUIR~JIU L L r i i i i L ~ ~ ~ ~ i u d ~ + ~ ~ ~ w ~ n L d u ~ ~ l j l n "  n'~::qnGiu~Rnlu 



2.1 -1.4 n ls ' lasruu~~~a~ani~361~,5l ' ld  (Standard Time Data Systems) 
w-4 w 

~ ~ ~ m i ~ i ~ ~ ' a ~ a ~ ~ ~ i ~ w s " i ~ ~ u ~ a w i : : d i u s " U . j i u d r : : ~ n n s i i ~ ~ ~ ~ m u ~ ~ u ~ ~ u l 5  
C 

r n i s i ~ a " a ~ a ~ u 6 1 ~  w ~ i ~ u i v i n n i ~ 1 ' Y ~ ~ n i l m u l . a " u i ~ n i 9 ' u ~ ~ a i u 3 a n i ~ ~ 3 m m i ~ i ~  

Predetermined Time LL&?i?O?UT?U~D~fi!6~inW~7~~iUiTn~s"idLflMFIiYid~~~i i d  

44" 

~su1u~finq::1~66udiuV;xIanwm::Lawi::LviiCu 

2.1 -1.5 n7si ; (nui~aaiuuuw~~~~~s' i ju  (Predetermined Time System: PTS) 

n l ~ $ i d i u l l n ~ l l ~ l d ~ ? ~ i ~ ~ 4  "Fundamental Motions" ~ ~ 1 U l f n l ( l ~ ? ~ 1 ~ l F I ~ l u a a d  

dlu'Lfilfil6 ~ ~ ~ ~ f i ~ l l ~ ~ ~ ~ d ~ l 6 ~ ~ l T < ~ L ? ~ 1 ~ ~ ~ ~ f d ~ ~ ~ ~ ~ d ~ f i ~ l f d ~ ~ ~ f i ~ ~ ? ~ 1  

d i u ~ u ' u s d n ~ n i ~ d ~ ~ l u n i ~ d ~ z n a u r i ~ u M " ~ : : 6 i u i l . a " ~ i ~ ~ 3 ~  dxlua6aaanisl.a" 

Predetermined Time System ~i'"l~~¶-idflrr 2 niu ;a 

n ~ u d  I n i r d s : ~ ~ u w a a a . m i o ~ ~ ~ a u ~ u ~  l n s ~ l d a  

1 ) d ~ u d ~ j i ~ n i s i i 3 i u i i a i 1 ~ ~ P u  

2 )  d s z ~ i i u w ~ a a ~ ~ Z n i ~ i i ; 1 i ~ ~ 6 i ~ ~ u ~ 1 5 ~ ~ ~ ~ r i i  

5)  ~i~wiuni~dszneu~~az7"mwu~nw1un1sdszn~u 

diuTuo:uuao4 PTS 6u~?il%hwxiid~u L L ~ ~ ~ ~ I ' ~ F L ~ ~ u ~ ~ ~ ~ ~ A ? T ~ ~ ~ u ~ I Y  
Ir 

~ n d u u i o d i d ~ n 6 a d ~ ~ o r i a u  idq:'l%6adid!rifim~nim ~ws i : :uu ' i i n is i~~u61~~ : : l~  



1) Method-Time Measurement (MTM) 
Y Y  

4zLll.l MTM ~ 6 Q f l w ' ~ ~ l ~ l d ~ ~ ~ ~ O ~ ~ ~ ~  1948 Pmu Maynard. Stegemerten ufl: 

Schwab lufi~?$lU?nl ~ ~ [ l ~ W U ? ~ 1 4 1 n ~ 1 ~ ~ ~ ~ 1 f l z t i Q ~ u  &QnfiUihLi?Unl~flU.i 

Lflunis~Lnslz~diuM"~nis~.a"ijo (Manual Work) ~urinaruzsii.r~eonuiLflu~U~iunif 
2 a 

LAdau 2uil 1957 ~ ~ n l P f i o i d  MTM Association for Standards and Research rum 

i f lu~~o~sodta8n&o3 MTM u~z~A'iinisunnfiialLilu MTM Association Iudx tnn  

bnj l iqbnlui l  1963 ~ 6 ~ n i m k u i  MTM-2 &Lflunisdiud?.r MTM fuumL&~fl.a" 

diu16~i[l<u u a z ~ n i s ~ w u i u i i o t q  sufi~lfiud;szuu MTM luolindial L & w K ~  

~iuusia:dszmnl6~~ri 

n. MTM-1 

%. MTM-GPD 

A. MTM-2 

9. MTM-3 

'3. MTM-V 

Q. MTM-M 

B. MTM-C 

Ti. 4MDATA 

raJ. MOST 

Inus-uu MTM ~d~~u~a~nw'wuil.a"uiLLsiLLsn ~ u ~ q q ~ r i n ~ n ~ ~ u " O ~ ~ u ~ i u % o ~  

MTM-1 P~VMLBQ 

2) Master Standard Data (MSD) 

u?& Serge A. Birn Company of Consultants l~[unU?~o~u?nl ~fluttdd~u 

i i u ? u ~ i u ~ < t z u u  MTM l u n i ~ u i n a i u i n s ~ i u  oazwu<~i io . r ;n~ iu~u~~of iu  
lr lr 

~zuuiiuin~.r~zniu1~nI~~gn6a;1~~nszliun'6a~~iisanis~~~1sizti.~1u~~si~z 

a m  r w s i z ~ n o a z ~ E ; o n ~ o ~ m ~ ~ i . j ~ i u A a u i i ~ u i n  ~ L ~ z $ L ~ s i z l r % n i U i ~ n 4 i i o ~ a ~ i  
)I lr - " 44 n $ u n ~ s ~ ~ f k  10 2 6 ~ m  R.M. Crossan ua: H.W. Nance W%~IU'IIB~U~WMM~~% 



fhuitzuu'lvri:u & ~ h z u u r s d  MTM ~du6u  LLldiiunii~maoifiurr6ndiidiudmr! 

u i a r i 7 n i u i ~ o o ? u ~ & a ~ ~ u n ~ u ~ ~ u ? f i ~ k a z ~ i  Element i j iL?aiLv~mu6u~aiqT?u 

~ i i u  Element ~ f l u ? f i ~ ~ i U ~ ~ z ~ d a n ~ l u ? u i ~ y ~ ~ ? a l a ~  ~ n u 0 7 u ~ ~ ~ n t j u f z u z V l l ~  

.Preferred Distances" ~u~a~zuzmiq~~qni~in-d~~udiiai~T?untjun"u~i 
lrs l  " r ? ~ r r w u i i ~ n i o ~ ~ ~ ~ " n a ~ ~ i u n z m ~ n ~ ~ m i ' i ~ l u n i ~ l . a "  i ioznnn'uyudiWiio 

Y 

~~r i i i? ;  MSD i iszlf i~ioaz~Zom@Z MTM Wl6Zmiu ~ ~ d @ ~ ~ ~ i z v 7 % i ~ a i 3 n 6 m u n i i  
w t -  aazlrrni?Lnsiz~~naimL~daul66aonii n$n i t~Gou~iuuozuu MTM uaz MSD 

@TIUU MTM ~XL~BI IN I~~~ I~LVU MSD u ~ m ~ m u ~ q u  Element fhqlbiul 

~ ? a i ~ u t i 1 i q i ~  MSD ~ ~ u i ~ i n n i T T ? ~ ~ a i  Element .[~611~14918d MTM r.a"i&?uh 

LLRzluvaiulnT[;~~T\l'l?uii$sl~~nsi?n ~j; irmaii lR'ui~~ln6L~ud~un?iu 
Y 

L~IUG~ ~ ~ a z n i ~ i m r i i ~ d ~ s i i ~ ~ ~ ~ ~ u ~ ~ m i u ~ ~ n ~ ~ n i t d ' u  

tili?i\l MSD i%EIunji MTM u i n ~ d ~ z m ? n . [ ~ h P d T ~ ~ n 9 u ~ a u f i 7 ~ ~ ~ ~  
dc; p194 n ' i ~ ? i u u d s d s 3 u r : ~ i i ~ ~ ~ n r i z n n ~ a 3 s  MSD s d o c l n i i ' i ~  MTM 



nis~nai~iu~zt~u~nn~~odi~u~.~ao~nis~~uuaw~m.ni~uliid1u7'mn1~~1u1sn 
-42 d ~ u d ~ ~ ~ ~ ~ l n a " o u n w i a ~ d i ~ ~ l ~ m a u i i l f i ~ n 6 . 1 d ~ u ~ d ~ ~ . ~ ~ u ~ u n 1 ~ w G ~ ~ ~ ~ ~ ~ ~ ~  

1 dsz8n~niwaodnlsu~m1fiqdau fmu$~ld~iunisdsznouL3u?qnTtudL~uqiodfiuniT 

r i iuun~duuunl~~ldsi luui;1%~\1 ~ n + o d i n t  ~ razdm~osnr ind iu  ~IUROIG~IU 

(Work Station) n i s r i i u u n ~ i u   ask Allocation) niu16GoiiCmsiirld~o~ i d o ~ ~ n i o  
C 

iifiuniswtmddsz3n7niw~~qm i i lunitr i i r tum~iuuardi6uai1fiCu~~si~~no1G~1~ 





anaq ~armniu ioads : :qnm~~n imi~~a i~~u~  PTS ~~auidt::uim~?aiuims,"iu~~~ 

UazliitUa~ni~?!driinis&iu?mLAoTmauqaaiunisdsznBuFiiaId 



1. ~ l 6 ~ ~ ~ n l ~ d ~ d d i u ~ ~ h u i  (History Method) 

~~ui8i1%a"o~adsu~kds::uinr 1-2 i h ~ 6 ~ l i i ~ i i i ~ ~ n r ~ i ~ ; i L a ~ u w i u k n d ~ u  

2. L~uuL~uufiuwaniTdguYdiuvoq~anaiu~ (Market Method) 

3. Rnai~ inn lod ju?diu (Engineer Method) 

L~ui~d1+u~nni . j inqnsTun7arn~ o i ~ ~ n i l u s t . u u d n a i m  (Work study) 

rluo~la"nio~nainis~~~ou~w~LLa::L~ailuni~d~uT (Time and Motion Study) 
94 4 ~dorinaiuimr;iu (Standard Time) a a i ~ u ~ n n i r ~ i d i u  (Time Logs) ~ ~ G I % A  

~fiu~iun"iuniowirnw"s~~iu~Gu8u~n" (Piece Work) 
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niuAoiunuqaodidufi~7il^oaL~nn~u16uinuin'lu!iml7d ua::anl~diui~~~?aiIr ind~ns::Li lu 

noi~diuiiiMunsauL?ainisEi~m (Cycle time: Ct) aad~iuc lud~inou 
C 

' l u n i s 4 n w i " n ~ ~ ~ i n ~ ~ 7 ' n ~ ~ q ~ ~ i u n i ~ d s : n a u ~ ~ ~  
" dd 

~uiii~u~udL$u?~ad<unis<n~u~aniunis11s::naun~~~a 

I )  n~ualunwds::nfiu (Assembly Line) ;111~~u~~u~l f in isds: :nau6u d?uaGm 
C 

filld66.l llEi 6 W 7  w la59 

2) nuqaaiunisdsmau (Assembly Line Balance) v;aoaisun~nail.rwddi1 
C 

~u~a~iunisdo:nou(~ssembly Line Balancing) i ; sn l f r i i~un~u~ iud id1 ' l~  

n i s d s ~ n ~ u ~ u ~ ~ ~ i 1 ~ n ~ ~ : : d i ~ 1 ~ ~ n i ~ 4 ~ ~ d ~ ~ ~ 1 n d ~ ~ u d n ' ~  

3) noiGKlnttuisu (Mate-station) ~ o ~ i i d ~ ~ i ~ d a d i ~ f ~ ~ ~ ~ ~ i u ~ ~ u ? ~ s d ~ ~ ~  

ii6uriauvGd 'lu~~lia:61u.an.~wGmn'm6 

d s ~ m n r a ~ n i ~ i m o u q ~ n i o n i t d s : : n a ~ ~ i u i s n ~ ~ a n ~ 1 ~ 6 ~ ~ ~  2.2 k< 

Simpk General Simpk Gmeal sjmpk Gcnard Sinpk General 
( N B )  (GALB) (SLB) (GAL@ ( W B )  ( W B )  (GALE) 

f ~ l  2.2 dmmnma.m?6~fiu?nnlunid?::n~u 

1) Single Model Deterministic (SMD) LilU~u~lU~sdilryMlnisinauqa~iunis 

ds-nau diiw?infiuniw'uaaiimLiu~ ~a::nalniovii.riuusia::iu~niittun~tia~jid 

u~iuau 

2) Single Model Stochastic (SMS) ~ ~ u ~ r y v i n i ~ ~ m ~ u q ~ ~ i u n i s d 9 : n ' i l u  

r i u ~ u ? < u  SMD uririidnirdnainiTvii~iw'~uLLtiia:iu~a.j SMS ~ r i m a i  &ilNmii;  



Y 
1) Single Model Deterministic (SMD) ~iluwu~iunaaflywini0(9'mau~n~itlni? 

Jd 4 
Y 

dznau nuwnmn'mfi~~uaai i~t~u~ unz~an in i~ ia iuudnza 'uqn~ i~um~~adia  

uduau 

2) Single Model Stochastic (SMS) t f l u d y ~ i n l  t < m d u Q ~ ~ i t l n i d t z n a u  
Y 3 

d u ~ u a ~ u  SMD ~ d d l ~ ~ d ~ ~ ~ l n l ~ l ~ i ~ ~ ~ d ~ ~ ~ ~ ~ ~ ~  SMS ~rinad 4ailywiu 

Inb~~uan'unqiu~guq3a rdnaqinaiunitllznau&"~d~uudmluu3 u'nqziinni 
Y 

nifiiaiulrrudnziuaiu'lu'uduau n t ~ ~ n i n i i a ~ u h u ~ n z a ' u m a u d i ~ ~ ~ i n ~ d ~ a  
J 

i i t~udq~liea~i~irmii iad~dumi~ui6atl  rdu ruimn~wuiraunaaaiu~uZm 

(Buffer) a0iinifiiaiuiii~~nio1uLiiun.~imu~a~lnif~im ~flufiu 

3) MuItiIMixed Model Deterministic (MMD) ~~udrywinink~u~nnaaai f la iuni? 
Y 

dznaudirhu8mn'mfiuinniii adlaauld ~adi in i t r i iwum~~ni i ia iu '~~aaiu 
Y 

aiuudnza'urflun'iuduau k ~ ~ ~ ~ u b a w ~ m ~ m ~ ~ n w ~ m ~ u a i ~ a i u n i ~ n a u  
J Y 

uuutrarru'nqziikuaiuunziiKuriauwKannditln'uKald'uLmtau'naanuuuaioaiu 

nitllznau~Gutuuu~itl~~damahw8mn'mn'~aneiia ~ ~ l u n i f i a u ~ n r a a a i u  
3 11-141 aiunitdtznautduu ~ani tuf in i t imdl~ i im~unmnqm~mtl t~u (overall 

Optimum Solution) 

4) MuWMixed Model Stochastic (MMS) ~ f l ~ f l ~ ~ i n i t ~ ~ ~ ~ ~ ~ ' ~ ~ ~ ~ ~ i t l ~ i ~ n i t  
Y Y 

dtznaudiwh wZmn'mfiuinnii1~diaauldbtldiinitriiwum~~~iiiaiun~aa'u 
Y Y J aiuuinziuIiuriuau i ~ r u w i u u u u ~ d u i l r y w i i i j n ~ i ~ ~ ~ u i n ~ u ~ a u ~ i n n q m  
0 4 4  11 11 4 

~wmzlietniuanaaaA'dznaun~noqQaaau1 ~ d u  Learning ~ f f e c t  zKu5nnaznqiu 
f 4iuirynaanuaiunitn~nuuuaiuunzaitlnitdtznauuuuuKea<mau~nIw~~ 

4 J au~~ua~in"iiir~dnuua~mu8mn'mn'iau 

flrywi ALB ~ ~ ~ u ~ ~ i u a u l ~ a d i a n r i i a n ~ i a l u n ~ ~ ~ n ? < u u n z ? ~ ~ a n t   flu 
J f l q . J ~ i ~ u ~ L e ' ~ ~ f l i n  (NP-Hard) ~u~ninamzflywinimini~wuiznqm~iaaw~u~~~u 
" J 

(Combinatorial Optimization Problem) ni~mauqnaiunidtznauld'u~ntla#aan'un~t 

~iwumaiu'Ifin'uan~iaiu ~ a q z ~ # a i i h n i ~ ~ ~ n i i n d ~ ~ ~ n d ~ a n ' u  aiuudnzaiu I= (I, 2, 
J Y 3.. .n) n wZmauluudnzwZmn'mfi aiuirniiniSucan7 unz<nii~uT;auwKanaaaiu 

A J aiuimnciiqUiii ~ I ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ I ~ ' I ~ ~ O I ~ ~ I ~ W ~ ~ U ~ ~ ~ L ~ ~ I ~ ' I ~ ~  
J n i  Aiaiunan 



2.2.1 n1m"mauqcmwnisrlmn~~u~~~miwu~~1n"o1n' 

lunit<mauqnna~aiumnitdt=:nau~iunitdt=:n~uuuY'uuuvniuw5mn'm4 
Y 

~i lu i l rynnin 'n~uqnna4aiu4iunidznaudivh~~mn'm~uinni l  at i isnu~dbui 

i j n i t ~ i v ~ ~ n i ~ i c i u n a ~ k u ~ i u ~ d n ~ k u ~ i l u n ' i u d u a u b u $ a l d u ~ a w 5 m n ' m ~ ~ n ~ 5 n  
J 

lrmiu.nunidt=:nouuuu u u u v n i u ~ ~ n n ' ~ j ~ u ' n ~ = : i j ~ u ~ i u u n = : ~ i K u r i ~ u v ~ ~ ~ a ~ ~ i u n  
%. 

1 v n6iun'w ~~w'w~o7q~uneonuuuaiu~iunidzn~uL~u~uuu~~uaLw'am~hw5mn'm4K~ 

nn'ia tmuhld~=:ciiranir~~una~LLdn=:w5nniu.rlr~al#~aniluw5nn'tu4~uindqfi 
Jd J ui~flu~anilunin'slauqnaiunidznau d~diaanitunni~m~fiiiin~unmn~mbtlmu 

(Overall Optimum Solution) 
4 4 4  4 
asniSmauqnaiuninls=:nau uuu w ~ w ~ ' ~ u ~ ' w A u ~  3 aanaaanimi~ncirm~ianf 

(Mathematics Model: MA) ?i?inida?a?n (Heuristic) un=:?i?ini.~~um m=:h?ai!n 
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r r l  d 
2.3 ~~ai )nuarnq~~n~nua~~.sn"Un~m"nau~aa~un~Srl '~t :n~~ UYY~Q.~KIU 

Y 

n i u n i ~ d t z n ~ u u u u n a ~ ~ i i u ~ u ~ = : w u \ ~ d i v ~ u w ~ m n ' m ~ d ~ n u ~ n ~ v ~  dfiaa 

d~fiqiuqin&naqhiunsqwGmirmn' du niuninlrznaurnau6~ahui~nniir.tiu 
Y i 4 ~zb~ilnit4iaiunjna~hiuna~~iuni~d~=:nau\dw3auyn'u rc~ounniunidrznau 

Y 
dzmnuii  nlunid?=:nauuuuna.jfiiu (Two-sided Assembly Line: TAL) k t r u i ~ h u  

~ u n i ~ t z n a u a a n ~ ~ u n a ~ W i u ~ a  diu~iaufizfiiunqi udk~uia~iutaaiuimdt=:nau 
Y A' '  ~ k ~ n n j ~ i u ~ i u ~ z d i i u a ~ i X i u ~ m l i i u v d ~  (qiunludaua~liorqmmwnniqnas 

Y 

w8mn'mn') nu\d~~ui~aiudfiaan~twid'n~~un'~~a~~~udt=:nauw~~uyn'u (qzwulu- 

dqudsznaufa6q) ndi~~ii~itrni~d~znauuuuno~Xiuq=:~i.~~~uaan~~u 4 Snwm:: 

m~ud~e'iuiuuiluG~afiu 
Y J4- niflnid%nau~~ufi~q61~id''ld ~=:il~n1~~iununqnt3uhur"sunii Mate-station 

Y 

unz!n~iukuw'u6~l.j6iKuna~aiu3aun'u adi~\on"mi~nisaanuuutn~u6id'ufia~ 
Y 

n a i u i u 4 i ~ u d ~ u n a ~ l i i u Y i u u n z & i u n ~ 1 n t z ~ 1 u ~ 1 v ~ n l n & ~ ~ u ~ ~ u  4~41lYii~nnu 





I-] 

," S 
n i d i r u i % n i ~ n a ~ n i d z n a u ' I u a i u ~ u ~  Maifidby nq~aqinaiudznau 

t o u u i i b u ~ u ~ i n n i r ~ n w i u n : : r i i v u m ~ ~ a i u ~ n ~ ~ i u  (Standard Time) n i t r i i uumi i f i  

riauvkaataiu ~~a~didu~dmnnrc i i r r iuni~mau~naiuni~znauuuuaaa~iu  

-u rl rl 
2.4 ~onuqsuinadquasanmaaCm~ 

1) oirn % ~ ~ u i u u d  (2543) ilqqui~uaiunidt=:n€iutir Cycle Time & ~ f l ~ ~ i 6 I t ~ i U d  

~ i u i 1 ~ n a 1 ~ 1 i i i n i t L n " ~ 1 ~ a y n d ~ n ~ a a n i u v ~ 3 n n i i a a n i ~ n i  Qt i iwn i i~ f i~qn i  
J J u i n ~ ~ i u w U a d l u ' ~ v u i r a u  n ~ i u n n i n ~ n ~ a u k n n ' i ~ C i u i ~ ~ d ~ v i e s ' i a ~ u i n u l u  

A ~ ~ ~ ~ ~ r i a ~ f i ~ ' i m ~ ~ ~ ~ d ~ i n ~ u n ' ~ ~ ~ ~ ~ ~ u ~ d ~ ~ i n i ~ i ~ ~ ~ n i ~ ~ ~ ~ d n ~ i ~ n ~ i m ~ n ~ ~ u ~ ~  Y * *  

1 ~ t ~ i n i t ~ n w ~ i a v i  ~ d u u u d ~ c t u i = : a u b a l ~ % a ~ ~ l ~ ~ ~ ~ 1 ~ i u i d ~ = : u i ~ 1 4 ~ ~ ~ ~ ~ i ~ ~ ~ ~ n i ~  

J J ~ ~ n i ~ w ~ ~ v a l f i n i n i a u w u n i ~ ~ ~ ~ l n d ~ 3 ; ~ a n ' u n i ~ n a u i n d  u n r ~ ~ a % ~ r d p l u u u ~  
4 nci iq ia~dnin i i  ~iawuni~w~ndz~n$i l i rq 'saua~~ui idn~iunnim~~au~mna 



3) ~ i u u i  gnu& (2547) ~~ i i lvum~aniu lm?j luna~~iud?zn~u~nuu6unz<ia 'aq~  

K~nPiiau~<mminilni~uZmku udq;liu?<ueanIdu 2 dau ~ ~ d ~ ~ ~ 0 n ~ ~ n i s w ' W 1 ~ i % f i ~ ~ i  

~inauuuu?ia3aiin ~fluninflmu~Siuu?T$'aa'ia'in ~ ~ ~ u n z ? ; a a ? a i i n d ~ ~ i n i f i ~ . l u i  

b s l #  ~ ~ n n n i n i r d ; ~ ~ i r u a i u d ~ B u n ' ~ n ~ d q ~ n  OR-~ibrary unzludaudaaa~flunini11 
44 aai)a?aiin ~ ~ ~ u n z ? T $ ~ a ~ ~ ~ n d w ' ~ ~ i u ~ d ? ~ ~ n m ~ # n ' u a ~ ~ n ~ ? d ? ~ n ~ u n a ~ ~ ? ~ ~ ~ u  

I u1J n?drinwwuaiasnw'~(uiq~n%~a%iinna.~ palmer,% Sum Absolute Differences unz% 

Sum Absolute Residuals a i u i ~ n n ~ i i i m a u d ~ n i i ~ ~ ~ a ~ a i i n  NEH unz%2a%iind 

n iuu i rv r i i~~z~n '~n iw~unimi~ imaud~e i i~~u1zm"~na iuau  90% 

- w  Y d w  A J 
4) aiiaiii ZZmn1smqn(2540) aiua~uuuamqd~m~nn$ia~ni~nm~nzaimnaiugcy~~un 

J Y ~ i i n ~ u ~ u n t ~ u a u n i t w w Z m a ~ a a ~ ~ ~ ~ ~ i u ~ a a i  ~~ilcyvin~iimauhnnzuaniow~maail 
i 2 rrl ~ ~ ~ a i d i a d i ~ ~ a ~ a n i n i ~ ~ ~ i u ~ a ~ ~ s d ' n ~ i u u n z ~ n m ~ < n m i  aanimmnaiugcy~~a~ani? 

r r l w  ~ ~ ~ n n i r n n ~ A ~ n n z d n m a ~ n u n z u a u n i ~ w ~ m a ~ k t l n ~ ~ ~ n w ~ a n i ~ ~ ~ q ~ n ~ u ~ ~ ~ ~ ~ ~ #  
J -  2 ~nniin ECRS ~~anmunza<mnaiuq~L~un~nmau vkqindin in l iud~.mui i  1) nsd'nciu 

' Y ' Y r i i q i u ~ ~ u a u  4.45% 2) Ln%.r<nnii.nuriuQu 5.76% 3) ~ r w ~ o r n i n r f i m ~ ~ u a u  10.53% 



6) Simaria and Vilarinho (2004) ~ ~ l ~ ~ ~ ~ ? ~ n i ~ ~ ~ n l ~ ~ ~ i ~ n i d t ~ n ~ ~ ~ ~ ~ ~ ~  49  ij 

inqdtz~~"c j l zv i tauLanni t~~~daud~m~blud i i ivum~nid~ iuu i tJ i  hol4rquruiin 
4-" A' ~ i ~ u ~ u m a u  d t w n f l ~ q i n n i t ~ i u a ~ ~ a ~ 0 d t u n w n a u ~ a ~ 8 9 a m ~ a ~ o ~ ~ i n 1 d ~ ~ 1 u 1 n u u i  

-u 4 
7) Khan and Day (2001) ~uniadgu~voanninn16i.jiuq~o f l yv in i tw~w~nqzL~m~u 

A 
a ~ i ~ ~ n a i u d i q z ~ ~ u  lLjiiqzr~uniuni~dtznauuuuCwOu~ v"oaniunitdtznaunl4 

3 
u o s ~ ~ r m u  luunna~uuqziirauc a a 6 ~ a 1 u ~ u n i t d ~ u T ~ i u n ' i u n a i ~ ~ n i ~ u a m & ~ u  

J 
njndia (Knowledge Base Design Methodology) . 1 .~~~rmin i i~nuaa~6na iu~a1u1tn  

dttqndl~n'uniuninlznaudua unzaiuninlttnauuuuwau bunininauanit i im~ 

~~umuu~i i f l ryv i~z~~uf l ryv i~t~~iuv%~n'miu 

8) Becker and SC~OII (2004) d ~ i i u u i ~ u n i t u ~ ~ ~ i n i o i m n u q n n i u n i t z n a u  Cnqz 
4 -4 14 4 4 0  $qiflldinqafi The Simple Assembly Line Balancing Problem (SALBP) uwanasnuiui 

?iqitmin'Aa The Generalize Assembly Line Balancing Problem(GALBP) ai~uqrnnzi j  

n ~ i u n i u i t n h n i t u ~ n f l r y ~ i ~ u n ~ ~ ~ m ~ u q n ~ ~ u n ~ t d t m a u ~ ~ ~ n i ~ ~ d a a ~ ~ n  i i n i t  

~ ~ i t o r i 8 a n ~ n z ~ ~ u m ~ w ' u ~ ~ u l ~ ~ v i a u n n 1 ~ u a n l n ~ n  du ludau 

naaliuyu nit~~anl4rniaqi ia niuninltznauuuu jnu iu niuninlxnauuuuniy ~ $ 9  

ufiudnitw8nuuurmiu j u l un i d t t nau~zuan 'u  

A "  J 
9) Erel and Gokcen (1998) u n n a i u ~ ~ ~ i ~ n u a i i i n ~ m i t z a z n ~ ~ n ~ u n q m l u h t . ~ d ~ ~ n ~ t  

C J d i . ~ i u d i v ~ n i u n i d t z n a u u u u ~ ~ ~ u  buni?nhi7~~ i~ua 'uwauunz~ in i t~ ivum~~au~n 

d 1 ~ ~ ~ ~ ~ d ~ . j k ? . t d l ~ ~ ~ ~ ~ l ~ ~ d ~ = : ~ l ~ ~ ' 1 W ~ 1 n l s l ' m ~ ~ ~ ~ ~ & ~  d 4 @ ~ ~ ~ ~ ~ ~ ~ u l q l n 4 l l d ? ~ U  
C 

Idu ~ u i i ~ i u i t n n ~ t z u z n ~ ~ l u n ~ s S i ~ ~ ~ u b u n ~ t ~ u k t ~ ~ ~ u l u u ~ n z ~ ~ u t t i a u ? ~ n ~ m ~ ~  

3a%3nr8hdiqnqKa 



10) Hadi at al. (2006) ~~~nmniPimduqnbiunidtrnauuuu ~ n u i u  bulupluuunir 

n r i i n ~ i a n i ~ % i u i l r r l i ~ n s 7 r d u n r n i ~ m n u q n n i ~  COMSOAL rdariiunnartr 2 
4 u  Y d v  J r  J uuuuirflmu~4uuriu Eiir~riuaquuu~nqd~znr~cdaw"arni~nni~riunuaunqm nu41 

& aanar COMSOAL ~uniuimIiiriinauduau?u'M 

11) Bautista and Pereira (2006) l u u n n a i u ~ & r i i r n u a ? ~ n i ~ u ~ i l r y ~ i l u n i n ' q ~  
J 4 Y J  

niunitdrznau diinaiurnuaruarriu rani unz%aiiihnarnun (Time and Space 
A4 Jmu 

constrained Assembly Line Balancing Problem: TSALBP) kunamimya~a~nan' I#a 
. , . d o  u Y raun ihu r~nimununaunjnriia'1~i~nCiui~~~u~4u~1n'u~"Bni~1ilurii l~aiIuinwmr 

SALBP I unr SALBP II d a w n d ~ i i n ~ n i n a r r a u f i h ~  MnkaanriinauWnii 

4 -  Y d u  J J 
12) Nakade and Ohno (1999) aiuasuuu?nqd~rna6dqrimnttriiknunrauiz~un4m 

Eiiv~aiuninlmnau~ri iaq d i i n i ~ l ~ m u ~ a n i l ( d n i ~ ~ Z n d ~ a u d ~ m  brrriiaumlGranilu 
J ni?i ir iu rdu nim!!iuner nirt5udtrneu rquuuunrn (Deterministic) unzCi~nua6ifi 

.r 

~ u i r n a u ~ d a n i ~ ~ a s m ~ n r i u d ~ ~ u i r n u ~ ~ m  &uwndl&qinnifildtunturiu ~ ~ i r m d l i i  

nakiia niuirnlG'3b nna~nrhriud~ttuir~ud~mniulw"'~u raninituZ da6isriani.r 
J L, 

Gqitmi ueiwnnaanuiQusra~niuM~uui~iu~a nQnriuijnaiuaiuitnluni?ii.jiulW 

r r i i r i u  u n r ~ ~ a r ~ i n n n i n ~ u n ~ ~ i r i u k u d a u u i n ~ = : ~ ~ ~ a n i d ~ u ~ u a u  (Stochastic) drrilu 

i i rE i i<rydnaf iq i~n i~~rdau~nnar i igukumaueia~d 

4 rul 
13) Jina and Wu (2002) ~ ~ ~ ~ i ~ d ~ ~ f i Y ~ ~ ~ ~ ~ ~ ~ ~ n l t ~ i ~ l d ~ ~ d ~ d S ~ ~ i ~ n i ~ T ~ ~ ~ ~  

uuuwau k u l # ~ n n a ~ u n a t n ? i u u d d ~ u  (Variance Algorithm) diini~mmuunituiin 

uuunirraninabi drunnaiu~liiinitniuuIni~nmn~iuud~do1u ~ ~ a n m ~ u ~ u l u n i t ~ ~ u  
' J e  L n i n  datiludadiauirgqriil ?irnrnrauaiidtr?inZnin ludaunarilryriniSm~uqn 

aiuni~mn~uuuuunu~~'~ui~~uud~au~unitfiuaiilryaiduar~~u~uin~n~au 

14) Boysen et al. (2006) unnaiu~~riini?np~il~ainarnis(3'mnuqn~iunidmnau d 
Y n d  4 4 4  ruuannor The Generalize Assembly Line Balancing problem (GALBP) unzrnmruanlil 

4 r J r r  t rul luniwfiilryui kuuundmmnna~~nmruanl~unil~~iunr~u~iaan1m1r~a~in'1Wqn 

uild7uni~uKilryaiuindqm 



Y 
15) Gamberini and Grassi (2005) ~ ~ ~ ~ ~ ~ i ~ d & n ° i ~ i ? ~ n ~ f l ~ ~ i ~ ~ 4 ~ i ~ n i ? d t ~ ~ ~ ~  

4 r l  
d~i~l~"i inninuamku~unirua'~a'ud~~ ~uaunit~dlli/arcrrdn4flq<aCi~%i . r r i i l h t r nu  

Y O  4 &ant~n'unizne.r~iuluniuw5~ @(7'abuiaamnas~a%iinuuuan1~1?'~1qd~n4r;i~%1u1 

lf lunitufi f lryaiakn~ iia w"uPueiaari~adhad3m bad11jliasnitl1;r'inin5lniz4iu 
J - w  lad iiini~~a%iinnya~sMw'mui qqnCiW ~fl~u~~uun'u%nit~a3niinntl~ Kottas and 

r l w  a 
Lau unr~~ i i~aud i in i i l1~%~na~w"u~ue iaa1daa adi4uuaaiKzy 

16) Lapierre e al. (2004) ~ n w i l r y n n i n i i n u q n ~ i a n i d t r n a u  uuu SALB 1 ban i?  
0  -4 uiaanimi.r~a3niinunrIflQnitA"uaiuuu~i~~t~w'u~1i;1 (Tabu Search: TS) &riinaiu 

uddnuna~nizaiugn! iaum~#~~u~~f i~u?'~qdtr~~~na~nrruauni tA"uai  wniinnit 

w TS ~ ~ i u i ~ t r y n i n f i n i t u f i ~ r y ~ i  nuiiniuim<nauqnna~ciuii~iu 1624iuunr 

naiufinirha44iu 264 ciiKi~iu b a d ~ b ; a c ! n i d ~ ~ d l l i / a u ~ i u ~ d ~ n ~ ~ ~ n i ~ ~ i u ~ a r i  4 4  

4 a a ~ i i ~ n i ~ h ~ u a i n a i u ~ m a ~ u ~ ~  

17) Xiaoboa et al. (1997) ~ ~ i n i ~ ~ n w u u a i i m n i s w ~ w u u u h ~ a a i w a ~  dia%nidruim 
L, 

C 4  ni?~diiuc(au~uqnun~buafinir~iuamadii bani? a i  iiwuariaaw~nunziiuau 
i i C  

~uc(aun13nnoiib7 1uudnrd?4Laniqin~u~4~n°ini?nfi74iim'uiu~au hnid'miiKu 

hnitw5m d ~ ~ i ~ ~ i m n i ? ' ~ ~ ~ ~ i u i ~ q i t m i i ; ~ n a ~ u ~ ~ ~ i r n u ~ u n ~ s s ' m i ~ ~ u  unr~ianwn 
id dl#iiir;lnauhknw~nmn4mluni~i~ddzqnflQeia~d 

18) Helgeson and Bimie (1961) ~ & u a n f l r y a l n a 4 n l d ' m ~ u q n ~ i a n l ~ ~ r n a u ~ ~ n ~ ~ u  2 

dzmniia I .  l#iiuaunnii~iu6aad4mbad~~aum~u~an~n~rw5wu~lJi unr 2. I#mu 

n n i n i t c r 5 n r i a ~ d n l m ~ ~ d ! i ~ u m i ~ u a u ~ n ~ i ~ ~ u u ~ l #  u a n q i n ~ ~ ~ ~ C i r a u a n i d ' m n u ~ a  
% 

nianirdtrnau ~ m a n i t < m i i s i l l i i u ~ d i l ~ t ~ ~ a ~ u i a ~ n  (Ranked Positional Weight 

Technique: RPWT) 

- " 31 
19) q4nn rdauii (2543) ~ i u a ~ a u ~ . ~ I ~ ~ ~ u a u u a n ~ i l t u n ~ t C ~ ~ ~ ~ ~ q u ~ u i i n ~ n n a ~ ~ u  

(Genetic Algorithms: GAS) u i d r r c ( n d l d l u n i ~ i ~ i ~ a u n ~ ~ f l r y a ~ n ~ d ' m n u ~ n ~ ~ a n ~ r  

dznauuuuw5nn'm4wnu b a ! l ~ l q d z n ~ ~ ~ ~ t l l ~ i i i u ~ u n n ~ i ~ ~ u d a a d ~ m u n r ~ i i m ~ a n ~  



Jrl u 
20) Lee et al. (2001) ~&~ini t~nmnitT.f iuqnaiunidt: :nau nunnawrfluniunit 

-"  2 0 

dmauuuuaaa&iu lu~iuaquu ui~auaiiiniSnauqnaluniorlznaubudzqnm%nit 

6auqnaiunitdt::nauuuuw~m~tld~~dua&au~a3ainuuu<nn~u uarrlrtuurBuu 
J J- d~~~n'aninn'u~~3fiines'aau~nuuul4n'u~iu<mauqnaiunidznauuuu&1u~Zuaun:: 

J Y J 
~ i u i i u ~ ~ ~ i ~ a u a t l m w ~ & a t l ~ a ~ n a i u k u w ' u ~ n a . ~ i u  un::naiu~wnarmin'una.j~iun~& 

w J J 
<niim'Y;riuuA'? bu~inisnmna;ln'Yflry~in'~dzu1nn 1 un::dzmnn 2 

21) Kim et al. (2007) au~qilnmaiunidznauuuuaa~&iu (Two Side Assembly) bud1 

n i n t i t a u n n i n i r u ~ ~ 9 d ~ a u d ~ n d 1 ~ i i n i ~ ~ 1 ~ u n ~ 1 u a u n a ~ a n 1 ~ ~ 1 u  un::I+irqu~uin 
Ir 

m ' n n a ~ u n a u j n ' u i ~ n i t n i ~ n ~ m H i a m ~  q in~u~~ah~i imauna~n~udt : :a in t lumau 
Y J , u  4 

~ u a u b i u ~ n a r ~ i ~ n ~ : : ~ ? u n i t K n ~ i a n n i ~ ~ ~ ~ a i ' I  nau~nuasnimisnGm~i~m4 unrI& 
J 

nnnatn'u i lnimiaaa?ainri?ou~~m First-fit rule (FFR) un:: Integer Programming  bur^ 
u n n i m n n a ~ ~ i n d a u ~ i f u ~ ~ u u u i ~ 9 ~ ~ i u n a ~ ~ i m a u d 1 f l u n ~ d ~ n  

22) Ozan and Toklu (2008) ~ i~ f i ua~dsunsu~ i l i vu iu  (Goal Programming) u@::R??~u~ 
Ir 

naiunqurnie (Funy Logic) d i ~ k m i t e s ' n 3 u l q u u u ~ n i u i i 6 u Q u l u n 1 ~ n 1 ~  
A 4 u  dr::nauuuuaa~&iuunrCi~~ui~~wu~Buu rtuamqdtrac~uniriiiiuauaniG~iu 

(Mate Station) riaudqn~nuiinitrii~un0tluraninituam n ~ W i i s n i ~ ~ u i ~ u u u n ~ ~  

~ t i r m f i i a m i  ~ d a u i d t : : ~ n d l ~ u n i t i n a u q n a i u n ~ ~ z n n u u u u a ~ ~ & i u  wanaa.riu?b 

f i iu imlSni~~iantuni~mauqna~un~dznau luaniln?lllbl((iiflq~'u~ninwniu 

23) Hu et al. (2007) ~ & C i $ ~ r ~ d b n a A u  (Enumerative Algorithm) r~iuilhni?+I 

auqmiunidznauuuuf in~&iu ~u~u~qitmiq1nn1Sni16unaiukuw'u~n~\r~iu 
w J. J (Precedence Diagram) un: :~ iu i ind i~u iu~ iu~~ i~nu ' I#ng  r a n i n i ? t " u c i u n ~ ~ n ~  

J Ir 

(Eeriest Start Time) unmnid&.riulb4inq (Latest Stan Time) m i ~ i i n ' u  qinih&i i  



24) Ozan and Toklu (2008) ~ l n i ? ~ ~ ~ n i ~ ~ ~ ~ q ~ ~ i ~ n i d ~ n ~ ~ ~ ~ ~ ~ ~ ~ & i ~ & ~ ~ o ' ~  

n 8 & u n i i i  (Simulate Annealing Algorithm) n ' Y f i i ~ n l d % n a u ~ ~ ~ ~ a ~ s  

w8wn'n~n' o ~ u ~ d i i a ~ & ~ i r a u a t d u u u n i a n ~ w ~ i a m ~ d 6 q d t r a a n ~ u n i t i m a n ~ ~ a ~ u  

(Mate station) l f i ~ ~ u d ~ m  0mudriivudau1nnaataur~ninitw8w (Cycle Time 

Constraint) ~&iinitafdwnfzviiauuuii~aanisdauw'~n'u MIP / i~%flyvinuim~Ein 

unruuuiinaaniAauw'~n'uflyvinuimlv~ nuiilfiwniiinauun=:uu~niad~iluldlflu 

nin'nauqnaiuninlznauMariiamn~'r? 

25) Lapierre and Ruiz (2004) ZJiiinit~nmni~mauqnaiuni?d?~nauuuu~aa&iu b u  
Ir 

aiuninlornau~zdnisrlt=:nau~inn'~~iuQiu m i  iiuuu unr&iuBiianaaei'aw~mn'nA~ 
* 

murilu 4 qmn'nanrr unrlGlnimiaZ~iaZniia LTF STF unr RND qinld'uMiinit 
J J ~~~u~4uuwnnMiinimmnaaIu~manaa iiu~uaniiaiuuaznitzaiunaaudnran~in'u 

Id tunwdl&w'wui$u 

26) Simaria and Vilarinho (2007) 1 & ~ i L ~ ~ f i $ ~ n ~ ~ ~ ~ ~ i ~ i ( 7 ' m ~ ~ ~ ~ 1 ~ l ~ n l n ( . ~  
l id " -A ", aaa&iu nu~nqdtzaa6~~aw"aani~~u~uan~ia~uddaud4m ImulJiraurlannamuuu 

ah.rciiKunaadiuunrKiudiinitw~w nuld'lan~zaiuluudn-aniiaiu ~ i n 5 u l K i i n i t  
li ~ ~ ~ u r 4 u u  wnnimmnaazviiaaiunidznau~mtl~n'u~iunidt=:nauuuu w rruiiwn 

- A  * dM~in~aufi~~namu~uaiuitnwauaua~d~?'wqdzaan~di 

27) Bartholdi (1993) ~flu@iud%~n'nwuzna9 TALB u n z M a 5 u i u ? r i i u d i v %  

flycyrnnaa TALB ~au~? ln i4an l14a~n rdu u u r c i i r i i ~ ~ n i d a / ~ v % n i ~ i a i u l r i  20% 

naann in i~ i a i u  ~ i t U ~ i ~ f i L ~ ~ ~ ~ i ~ ~ d ~ ~ ~ ~ ~ ~ ~ ~ . J l ~ b U ~ # n ' ~ ~ ~ ~ l ~ ~ L ~ ~ A ~ L ~ ~ l  

~unitahadauln ~iluhu ~ a ~ n i i b u ~ a a h a l d r u n w d ~ v h n ~ ~ ~ i l ~ v ~ n ~ ~ m a ~ ~ n a ~ u  

n i ~ t m a u u u u a a a ~ ~ u ~ ~ u n ~ t t ~ n ~ m ~ ~ ~ ~ i a ~ n d ~ n i ~  'First Fit Rule" uaraiuito 

a'r~iu$uir.aunitunmaiuMariiaLvui=:au d a a i u i o n ~ f i i i n a u ~ u ~ a ~ ~ ~ ~ u  daiimau 

~ d n h ? q z Q n ~ i u i d ~ ~ a ~ ~ w a u b u ~ q ~ t n A ~ q ~ n a ~ u d a ~ u ~ ~ n a ~ u a n ~ ~ a ~ u ~ f i a ~ ~ m  



2.5 141j 
4 . 4  J J aiua~onrnaaaban'unis4'mn~qn~iunid~::naubu~a~dnui ~ n i t ~ . T u d a u l w q j  

0 4 11 J C 

r~clnldiin~zuiamimia2a%3n~~iuiwiii~iaulu~uaa#uuinn~m(~0~en, 2006) qinCu4a 

riii;inaudE~in2a%3nuiiinid~dSaiinau siiriunin'nauqnniunidg=:n~uuuun~a 

~iutunui iaiui&naa (Bartholdi.1993) 'Mdmqnn%nir First Fit Rule:FFR ~JLIU 2a3ind 

dilfir?mdith ((Constructive Heuristic) d~m~d~aui~inniss'mnuqa~i~ni~r lznauu~udi iu 
i J J  ~ l u a  un::?lbriiia n~~anaaa~udznaufnu~~~a"iuidzqnw"l~'daunaaaiunaaau~ nmuaha 

n'uni~4mnuqnaiunitd~::nauuuunaadiiurruii I i ; l l i l n i t r u n r 2 a ' i n 3 n ~ d u  
4 Lquru~nhnaAu uauvKnnaAu unz Gniriinaanitdawil iIui%u ;uraaanit$anci~auui:: 

dqzriiluid~dtaiinaud~qin2a%3n nn'ia~li i iaiuiiud~ulw~~~~ua4aafiunis4'mnuqn 

niunid~znauuuuBiiu~~ua unzuuunaaXiumian"~u::~ilflir~aniui~t~iu~4iuilflunit 
i J J 4nttaiunadnniiaiu ~~a~~un~ inaunnamn6aan 'unn inn i~ ia iu~ 'sa~ inn~m 



4 rieudqzrh~n?zuluni?w~m?nuuw' q::nrii~ii~d~udszneu'~~a.j~ouuw' ~ v a \ i ~ % i h f l c  

~ ~ i i d w ~ d q u d t z n a u t u ~  i f . r n i u i . r n u ~ s s e n ~ ~ u d ~ u ~ 1 ~ n ~ a a ~ ~ ~ 1 u u ~ m ' ~ 6  
1, 

1) &<a (Body) q z ~ i n i d s z n e u w ' ? o ' c ~ i ~ a o ' a ~ . j u m ~ ~ u ~ i a  U ~ ~ A I  ~ji7uidftznauiimnYldu 
4 SWiionbionisrdau ~.tu'uCin'lunisria~uunzi]ni]n'u~~udnndna q~nniauannq:: 

J 
~ i i u i s u n a u  n i n . r ~ a i u ~ i o u i u  If iuriy~~nun~nR4una~niolurt11~ued ~ d u  uirh 

11.rrq c l i n ~ l d ? ~ ~  ks.trrkni ntruz difiiu nirru ~3uiiu 6Ghavtaluqtld 3.1 



3) u~fi~6umriaadia(~hassis and Suspension) ~ r r ~ i i ( r r C n h n i t r e a % d ~ u d z n ~ ~  
c v w  J 
%~.~mraatouui i  u n r d a u n ~ ~ a i u k u a r ~ ~ a u d ~ ~ ~ r l n t : : n ~ i a ~ ~ ~ r  q%uait nu'la 

c l r r n ? ~ r i ? ~ 7 r i u  u.ralil uvuv ad34 Wn& qnun K u i ~ K u  'uu~is rum 

~adwnalup.Jd 3.3 

Y C 

4) L I I ~ P ( I ~ U ~ ~ I E U Y ~ ~ ~ I  (Power Train) ~ r r f i l d ~ u n l ~ d ~ ~ ( l d ~ ~ l u ~ ~ B L ~ ~ ~  dl4 41% 
IQ~ilungaaiuna u m d i c m s ~ ~ d i u u ~ a u m t l d  ~ i u  u % a a d  wvminaw r c t m i i u  dea 

Jiiu b fiaduana1ugdd3.4 

5) gdntm[rl41 (Electronic Module) k~rrut~ 
V Y  J ~aatoauii  d ~ r i ~ u ~ ~ m i u m a  qaayqur unru~n i iuwka~u l r (#~  ~ i u  rruu 

n u I d 3 l r a ~ i a w i i a ~  bmiim brik uunLma4 Ir(v131 M~tk I d ~ u m  'lri~ua 

urmalupli 3.5 



Y 

6) qdnr&iuIu (Trim) srLflud9udAnuri.rqdnr&io~u;i-Qvufl ih~dII3a.I d q  riuld 
Y J o  ~~ugdntoinnui.rniulumi~ 7 I r iGuuku unrvi iuuinniviur i iu~u~~~uf i=:m~nf i~~~u 



2) u ~ ~ a ~ i u ~ ~ u ~ u ~ m r n i ~ . I R  

maufiurinzn'u~zd~ntluId~am~udauaii~~ i~uauuin bm~udaura~tnauli~z 
Ir Ir Y J 

~ f i ~ ~ d ~ ~ ~ ~ ~ ~ U U ~ L ~ U ~ n ' M b ~ t n U ~ w ' ~ ~ l ~ ~  + unz~udaunl4umnrii0n'u~d'I~eiaz+ 
J Y &$u un'n~nnr~nitw~m~udaunlflunitdtrna~nu~flutn~u6uw'nr~u~~r"tmnii 

i qmtnilt~8~ nifu8mtn ~ Y H ~ ~ Q Q ~ ~ ~ ' I I ~ u L ~ ~ ~ ~ : : L ~ ~ ~ u ~ u  ~ r l i a s i n i ? ~ ~ u i u n s  
J, Y d ~ d f . ' ~ ~ d ~ ~ i ~ ~ n ~ 9 1 ~ ~ d i ~ d ~ ~ d ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ i n ' ~ ~ ~ t ~ ~ ~ 6 ~ ~ n ~ ~ ~ i ~  Q a r i i I ~ ;  

Ir Y 

ininlliuurrll~~%udaui'l# ~ n r l ~ u i ~ ~ k ~ i ~ f l ~ ~ ~ ~ d n l f ~ d ~ s u u d ~ ~ ~ n ~ ~ w f i i m i  

(Face Lift) hau~lijwnniqnifmnim ~~mnimmuuf luur in rd~r~nn~r~ tn~u~ i~~  \fiL&n 

luuw'nzdh uinfiijl.r6aufiiquniu~~fu .j;iu ~ u n i t w ~ m n ' a i ~ ~ r w 8 m r ~ u ~ a m  (Batch 
Y 

Processing) ~amnr 6 Kudiq Bamnr 30 hfi1.r mua~firuimnaiuka~niwa.~mt~im 
J &unaiuuuiuaasiiii mBamm n'iic i iuaua~ia~iracm~*uan'un~zw8m1uueinzn~~ 

i ndi~marua~Curo~niun7sll~rnau 
Ir 

dad141 m@uu~ona~ui~  ~ k a u n z ~ u d a u q n a d ~ u i n " L u t n f u ~ ( 1 a C u ~ 2 :  
Ir J ruiiaunirnjaun lriinaiuumnrii.rninntl un~5u~srr ir inr iu~ri i~u~aiqi j l&uni~~ 3 

unrh~vnrriicqdnt~LiuLZu (Options) ?I@#~:L~~u@II u%tkl f iZ~~& nwvi6hnCf 

m r r u ~ q n w l m ~ a n ~ i n ~ i ~ n i ~ t r n ~ ~ ~ K a  udIuuiadtr~nfl gdnroir~ududa~uim 
Ir ' Y t t ~ ~ n i ~ ~ m ~ ~ ~ u n i u n i ~ t ~ n ~ u m i u n i f k ~ " d a d a ~ ~ t d ' i  

i ilqq"ir d t r~ f lh~Lf l~~ iuw~Wtn~tde(Tddi~~ ' I IBQ~~nd0~L)1f lHtdQ unriiuuq~~ui 
i 2 i l, i 

qzuiimcrrani?daaeniiuauuinru~tau~ &riu ' l u n i t w 8 n . r n e u ~ a d ~ a ~ n q r ~ ~ ~ w 8 m  



l~%imau6uuuriiq~ miu~miuna iuh~n i~~mn~i~n 'u luu inzdt= :~nf i  i i lf ifi~~ld. 
t ~ u u ~ a u Q a m a i u ~ d ~ u ~ i u a t l d ~ m o n i ~ ~ Z m n a ~ o ~ ~ e i ~ z A ' u ~ i  qzliacl&udausz~dia 
1 b i ~~~icflu4i~~~dnuu~zuunitwZmuuu~flui~mui~flunitwZmuuu~fl~"uunu ~wmzdii 

u i n o ' ~ ~ ~ ~ = : u u n ~ f ~ u u u ~ ~ u ~ ~ w ~ t t ~ a u ~ ~  qr~a.t!imm~utndwtm~7r?q~dudqi?td?u 
i rrin a q ~ ~ u n i t d e t u n z d i a q n ~ ~ u ~ ~  

n ~ t f i u Y a y  ~ ~ ~ a ~ m s n i ~ w ~ m ~ : : u ~ ~ m ~ ~ n ~ ~ a a a d ~ w ~ t l ~ t n ~ ~ s l T  

(Bill of Material: BOM) ~?iu rutntl61 ~uonv6q ~ u i z  h a %  ~flu$iM u6adeouanrflu 

daudrznauu'aal rdu ~ u i z a i i  dtzncuKau firtuau fiiruiz ~ u d h t z u z  ntiinrui:: 

rIu&u huiud?uurinziun'qz~HuiuLngiudaudumneiiqn'u~d K~I&.J rdadnirrdduu 
Y 

uuuwinznh arnuLnn?udauE9zLdduumiuld&au 



C 4 
5. iindm$u'lm9udau ~wmilnwnaiu n i u i m u n z r i i k n i r Z m ~ a ~  

C 

~u'wsm3udau 
¶# C L. 

6. d~7udauniadiq uuu unrnunz~iiumaq3ud?u li~7uQw'usmiidau 



4J4 , a  Y 
i s y n ~ i n d i u n i m n i m a ~ u ~ ~ u i a i ~ ~ u u  ~~a~n~uuniru5nlunrn11um@lwu1nm.11u 
d on~~zdiar~&%nimr4u~uuuni~rznau farzl(rnuan'uo'nndau$udauw5wluJrz~n~ J 

4 
unz;daukq~ii%i 1innrzn914qwd11lnrru ~ * l m ~ z ~ i i ~ i u i m ~ ~ u ~ 1 i ~ ~ i ~ a " i ' I u ~ n ~ ~ z  

Y 4 J 
99;13ud?ui7~ii?(~orn~lete Knock Down: CKD) unz~ua~nin7r~d~uuuda4~11mf 

Jrznau risaLdduuudnqsiuniS;a"udaun'qzw"oqulqvlnn!q lnuaiu7!viiu'nqz~ilunir 

d~a7~47Ufiud7flfl~~1~7~Ud~~1Ud%L~flLfl~sd3~1~~ 

u5a b o i i i ~ b ~ n a i u ~ i ~ i r n I u n i r w 5 ~ 1  v in  naiuw"aqniriuinnii 
Y 

w - 4  AikniwZw n'~z~a~d~qun'Yni~di~w5wunzyunwawhu h a i u i t n  
J ' Y 3 4  d~zw5w)[~wiuLi1ivuiun~~uauuvm~ k a o i ~ ~ z i n i ~ i ~ i u g i a ~ ~ a n i  

& n i ~ i ~ i u ~ u i u v q m  u ~ ~ i a i n n a i u d i ~ ~ n i ~ a ~ ~ n i i ~ i A ' ~ n i ? ~ ~ w  n' 
qzm'o;lJ%l6n~rw~mIw'~z?'u~viin'u uwzqzm"o~ai\~uwuniruijmlfl4 

* 
iiuauunzjune~rnuuw'wr~n'unaiuw"a~nir njCqbiaawiiwlfiflun'y 

~7~Ubln7'td.~UblIh?fl U W M ~ ~ ' ~ W ~ B I U ~ ~ L ~ ~ M ~ E U = : ~ B  UWUL#~U rutUa7U 
J L8flI-J U C I Z U W M ~  ~ B I O U W ~ L ~ ~ M ~ ~ L ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ I # ~ ~ ~ U ~ ~ ~ ~ ~ I  .[M 

L~au&q ~zu~arnuudluudnzjuiiuau~ni~r unctuiulm d?uuwu 
Ir I 

a i u ~ ~ i i s u ~ ~ ~ d t z b s 6 ~ i ~ ~ u ~ ~ ~ m ~ u d ~ u ~ u n i i u u i  q z h k  

inqi iu iiuau~riilr l n ~ ~ o n i z a d i c ~ ~ i w ~ i i ~ d b i a ; 1 i i ~ 4 ~ u i ~ i n  

viiadrn~m~ urruiltaan~auuq~~unaiu$ia.~nm~ufiu'ifli-u~ ~ d a  

aiauuuriiknuunzLn'wqinrii qzi iminirrdui ihmsd~rq~r n i r  
' 3 a i t u u w z ~ a ~ i i % b ~ ~ a ~ p i l u u d ~ z i i a ~ n i ~  kudn i r kaadq i iu  

r i i ~ w n i r  dwau rzuz~ani lunzu~uniru~w kwiaiunindau aiu 

nitriud niunirdrznau nirnmnaudia~ qunrzk~si i~;qau~rn~ 

d t t . n e u ~ i l u r n u u ~ & ~ ~ u ~ d o n i d ~ u a u I ~  



nz01s luflq'qcu fzuu nitdauauuuuCu~aniwa~ (Just In Time: JlT) 

gnir.iluildluniniirumLaninitd~u~uiudau kuiiuu~iihmnvirnnit 
i, nai  rlm~mmitw8mqz6a~~~mnda~n'u~~I;iu qzliijninn'ualan 

qnuqnlflu~nau~nuuaQlluinIr~ unz~udaumiah  r k ~ i n w i u  
C 

ntzuaunitniaqnnintuA;r 3udauqzpnnuaanuiqin(nau~nu~ua4 
i r o  b s l ~ t n ~ n u i ~ r i u I f l u l n 6 ~ ~ ~ a t a n i t ~ 8 m d a  ruananiaumn~tw8n 

~udauS/sia~l~~zpniia~nui~inln~~~d~?'~a~d4m~udau q i n h  
C 

3udaurirzqnQUmmhwni~3n u h  4 a i ~ u u r n  rh%iqqz<naiq'lu 
C C C 3 onnln~~flariia~~udau$u~b~~~wiz k s 3 u d ~ u ~ t t d i u  qzpnRusn 

C 

~ i a ~ d a ~  n~u~md~zn~u'~unisw~uniw~wsi~~d Oudmru.~n~Gn 
-4 i 

(Small Part) ~ d u  Cnlun'vl n8J qzgnuunislunzdqbac~lanuwnmi~ 

oanld ~da~~in~iiuauu~nunz~~uiudaudijnitli~a 'Id n i t u ~ a  

M ? d z m n i !  iqWCauuriaXasniniu u d q z l ~ n i k a  bs i inan i t  



3.2 a ~ a n ~ d c n a u s o a u i  
Y * 

~ n ~ c u z n ~ a n i u n i d ~ z n a u t n u u e T W ' 1 u u i ~ n n i Z ~ i u ~ : : ~ a ~ i j n i ~ i ~ i u ~ ~ a a ~ W i u  
Y 

ns .miun in l tmauWnhu~n 'u  ~.r&nniun~nltznaud~v1nuii a~an id tmrmuuuu 

~aq8; iu  (Two-sided Assembly Line: TAL) ~uudaeSilu~unidznau~an~ilufis4~1u~B 

biiu~idiclunzJiiu~ai u ~ ~ ~ u i s . r i u i s f i i u i m ~ ~ : : n a u I b i ~ i n h ~ & i u ~ i a u n v ' ~ ~ u ~ a ~ A i u  
J' ~n&iuuda (qiunqudaue~Y'Sunr~9t~nni.fna.jwzmn'nr~) t a u ~ & u i ~ . r i u S / h ~ n i t  

wCnaiu~~nae61udtznauw~au~n'u (qzrruludaudtznauKan'~) n c i ~ a ~ i ~ a ~ a n i t  
J v ,  dmauuuuaa~&~u~::uri~.rliuaan~~u 4 ~ n ~ m i u n b m ~ u i u u i l u ~ i ~ w " u  
44- n iun idznauuuunaq& iu tu  ~zflnnii~iununqntouhuLl'ounii Mate-station 

unriinaiukuriuh3sii6unaaqiuiaunir adia~sn'miuni~aanuuutnau6&dias 
Y 

we~criudi~udaunat6~u4~0un::6~una~n~::~10~1u~nln&~~~1iln'u ~ t d i l m q n t r u  
Y C 

nid.a~,nou3udautnuuw'Riua"iu q z ~ n d ; ~ 8 u ; ~ ~ ' i ~ n m n i d z n a u ~ u d a u ~ i u n  unz 

~~u~~ae.r~iu~rinaiukuw'u~n'udiu~iui~iuitn~trne~'1~~in~i~ld1~~i7u~d~'11~~ 
J 4  0 wzms~cuvT d a n c i i a l ~ ~ u u d ~ i i ~ z Z i ~ ~ ~ i u & ~ u ~ i u n ~ f i i ~ u t i ~ u . a ~ ~ ~ m u m t ~ ~ u ~ i u  

J J Aiunqi  ~ ~ z ~ M Y n ; l i ~ n a ; l n u n a t ~ z ~ i ~ i u n Y t d ~ u ~ : : & i u ~ u n ~ u ~ u n u l m n u ~ l d . ~ ~ ~ ~ l . j  

u a n ~ d i w i u a d i q d u  

3.3 q~~n~nuwmw.slurnd%t:n~~Onfi~a'Id 
i f i i u a i u n i ~ d s z n o u  (Assembly Line) ~ d u n i o 4 m ~ d u u u n ~ ~ w ' ~ n i t d  tznau a4 

d z n a u ~ ~ a ~ u r i a u n ~ t ~ ~ ~ e i i ~ ~ ~ ~ n i i f i n i ~ ~ i u  (won ~ ta t ion) luzuu f i iaa iun i t  



IlznaulruurieLdaa $u~muGmn'w~qriini~llo=:nauq=:LndauditluimiuaniG~~u 
A * d i a ~ ~ u a i i u d ~ u u 8 m n ' m n ' K a n ~ i a ~ ~ n z v d ~ u ~ ~ i ~ i ~ a n i ~ a ~ u ~ m ~ u d a  qrr~m~uaiuni t  

Y 4 d~zneu (Assembly Operation) aulu~niii$umiuiiKu Luavumkmauni~mnau~u 

an~Gb~aiudaubun'q::LpIdBuldu'a~ni~~ld lunM=:~;aanirdaniG~un'9=:u'iudau 

w8m~fldj;vd~un'm~d~ii7uiunu~iua1unid~naua1uimuunaenreimiuiiuauairm'11aa 

tfidrilmtatin ii 3 uuu iia 

1) ~ i ~ ; l i u n i d m n ~ u d i v ~ u ~ ~ n ' ~ l d ~ ~ ~ ~ ~  (Single Model Assembly Line) ~fluAiuaiu 

n ~ t ~ t m a u ~ ~ ~ ~ i v ~ u n i t u ~ m u ~ m ~ m ~ a i r m ~ m a i r m v d a ~ ~ u . ~ a i r m ~ ~ u a ~ t l ~ ~ r r i = :  

L W ~ U  u~~n'mniii@uuuLiiul n@d 3.7 

2) 8 i t l . r i u n i d ~ n a u ~ i v ~ v n i ~ w ~ m n ' ~ n '  (Batch-Model Assembly Line) ~gu8 iu  

a iunidrznaud~divs 'u  u8mw~mn'mn' 2 airm$uld ~au~mniudutinzairmqzii 

ntzuauninltznaudln~~~u~n'u~iui~nwG~uuaiuninl~=:n~u~~~an'u'~~ b u h  
4 4 n i t d z n a u q r i i ~ n z q n  (Batch) u i i m n i u ~ ~ u d a a n ~ ~ ~ d ~ u u n i d t z n ~ u a ~ n n ~ . ~  

w3rnfin.44 i i a t i i n i ~ ~ a i u n i ~ t z n o u ~ v i  (set up) f i p ~ d  3.8 

3) aitr~iun~?d?znnuuu~w~mn'mn'wau (Mixed Model Assembly Line) ~ f l u ~ i t l a i u  

nidmnsudl~divhw8mw~mn'm42 aiimv%uinniirdu~~a~n'u~i~ninlmnau 

~uuu~iauiinn'mn' wid ian iu r~ ; l~u~nn 'mn 'd i .~~~z~~ i~~ iaa iun is l l~n~udun 'u  

Iriiinimia .jilia~diuZinn'm6qh~~'ldriau &ulustlt i ianitwPmq=:~iniOllh~iu 

n i n l ~ n a u  lunttiira~aiuninlmn~u~uuvniuuGmn'[~djY fi i i lu~niruirns~q~uh 

n'm4 (Batch Size) iinuim'lvrjuin niuninlt=:naun'qzndian'u aiunido=:nau 



1) Paced Line: n iua iunid~nauuuu Paced Line ~ a a i u ~ i u ~ r ~ i a u n ~ w ' ~ a t l i  

riiaiuluaoiGriiaiufi~a~viin'umu  ani in it n daurnunaiuiirln7munni 

nirw2ln~uwicnn'm4~z~a.j~ndaw'a'Ifln'uaniG~iaiu~in2dru'ii~z~i;Iiu'1u 
* 

no~iiri~~iuriu~a'na3eISjn'niu 8ivinrii~iuluaoi~~uLahn'~umuLami 
* 

nitwiin~uc(auwZmn'mn'n"~~an~ua~IuaniG~iaiu~Zu~u niirzntymumu 

~ a n i n i r ~ n ~ z ~ ~ i u ~ $ i i i n i a a i u ~ ~ : : n a u u ~ ~  Paced Line a l q r i i ~ ~ * u d a u  
14 4 uZwn'm&ljauy m ~ a ~ = : w " ~ ~ Q n ~ i I d d a u u ~ u u n ~ i l a u ~ n n a u a  

2) Unpaced asynchronous line: ' I ua i ua i un i d t znaw  Unpaced Line ud 

n z c r o i d r ~ d ~ a i u m i u ~ u a i u d p n i i i u u m ~ ~ ~ ~ n ~ i ~ ; i ~ 1 ~ u n i i ~  u k i a  

~ ~ a d i c i ~ ~ l ~ ~ ' 1 ~ n i ~ ~ 7 . j i ~ ~ h i n n i i H % ~ " 8 W n ~ i ~ ~ L ~ S I i n 7 W b  w ii 
* 

'1Bi~a~u~anin ' ia iu~uu~~zani~0i '1uinni iu%~euni imu~anini0~~n 

1) nim8aufliuaiuhuiie (Manual Transfer) n~s~n8aufliuaiudi?u~a~iluni~~n8a~u 

riiu~~winani&iu~d~Idu'adnfin~Ga~uo'~Id~zSii~a~iia 1 4 ~ z i i 1 a n i f i ~ ~ ~ d ~ a i  
" 34 dl41 blame 

n7rlu1u'~7uJou (starvid i i a n i ~ d n u ~ i u ~ ; r i i n u ~ u ~ ~ i ~ u i a u d  



C 

i l t y r n ~ n a ~ u u u ~ u ' w a n ' i t t ; i n i t ~ v ~ ' I I a ~ ~ i u ~ u ' ~ ~ i L ~ u a m u ~ a a ~ n ~ ~ w ~ ~ ~ u ' n . r l d  da 
11 

~ ~ N ~ ~ $ L ~ ~ ~ I ~ ~ Q ~ M U I ~ ~ ~ . ~ ~ B . J ~ I ~ Q ~ I ? W ~ ~  ni&mnur)nniani?dt=:n~u~=:d~tl~~m 

~yv iWnaa i~ i i~n i~$= :nau~n i ' tw~B i l ; I e ia idaqdq+u  
J  d 

2) n i ~ n a u u 6 i u ~ i u ~ m a n i u ~ i l d  (Moving Conveyor) n i ~ ~ ~ ~ a u 6 i t l ~ i u ~ m u ~ 0 i u n i u  

~~uninndouu' iuciu~innni~. j iuvif i~ldu' .~nni~~iu5mld f i l f f i u a i k n i u n i u  
i 4: J  J 

LiluKaiiL8gqiuqiu a . ~ u n ~ ~ u u i a ~ u a q  (Continuous) ~ n = : u ~ u ~ d ~ m ~ u a a  
d J  C 

(Intermittent) nlnnaau ~ i u a i u u u u ~ ~ ~ a ~ d a a ~ a n i t n ~ n i ~ ~ i u ~ m ~ w i u d ~ ~ . j ~ u i u  

bLfihfi(s=:~i~?9~d.j~~ldo'.j6ni~.~i~db\ldl19"n'~$ k o ' l r i 6 a . ~ m d . ~ ~ ~ a u n ' ~ n n i ~ ~ i u  
A i- 2 J  4 ou~f l~vm~nnauf iqr~vi jaun'~  fltyairasninn~autiu.j1u6atlil~ daunitr~taau 

i r J 
h u ~ ~ ~ u u d a ~ u a s n a n i t ~ ~ ~ ~ ~ n ' m r i ~ n ~ n ~ a u u " i t l ~ a ~ m ~ ~ i  Pi iu~d&an~%iu 

J J C  d i ~ 7 v k u ~ u ~ l u a n r ~ d ~ i ~ ~ ~ n ~ a u n a ~ ~ u ~ ~ n ~ i u n i u ~ n i ~ ~ ~ u  fis=:din~dt=:nau 

$U~;((?~L~IW ninni(eudiaaiulmauin~=:'1~nia~iu~13uw'~~i~~a0f ~ ~ i ~ c i i m f l ~ v i  
Y 

~qi i i ia niilriirqiuoau (Starving) n iu imr~nru l l i  ~duLiaafininn8aufi iaqid~u 
i J 

i;eni&lukiia (Congestion) i ian im. r iu ld~~kn@ Lda~~inni tnnu. t iu~d 
C Y  J C  

R I U I ~ ~ ~ ~ I ~ I U S U G ~ I ~ L A ~ ~ ~ ~ ~ M P ~ . ~ I ~ ~ = : ~ ~ W ' I ~ ~ ; ~ Q ~ ~  ~ i v ~ u n i f ~ i r d g i a q i u  

(Blocking) iuq=:~riL~nn'uni&iuqiuu~ui: 



4.1 ilnwi,limiw& ju'u 1raz~ulasaa iudan~11~nau6 
CI 

luunn 1 1 6 u n n c n n i n i ~ i ~ i u ~ u u i n z a n i ~ ~ i u u a z w u i i w u i ~ ~ ~ u e i n n i ~ ~ i ~ d  3 

rwi i r~usaur~~1nir~15m d~mu~~nini4u8mi[q~~'urvi~n'~ 22 ui? rrarcilua~arli(ri~16~i?m 
tr CI 

narlmlrmrzuluni? (Bottle Neck) k ~ u a n i i i 9 i u d  2 I . % A ~ z M ' ~ ~ ~ I u ~ I I u ~ ~ I G ~ ' ~  u d l i  

n iu~rnd~c?u ls i f i~an~ id  3 Id. ~daa~inan i iq iud  3 ~u iukd l c l u l i uh  dlt~inoi%i.r7udl~ 

~ a ~ i u ~ n d ~ m u ~ n i ~ ~ ~ : ~ i ] u ~ a r i i ~ ~ n r a ~ ~ ~ n i n i  u n : d ~ u n ~ ~ u t l u e i a n o i ~ ~ ~ u d u ~  

~~'t ju'unitwiinluiaa~anidtn~duamni~~~m~unz 18 Ku (Takt Time r n l h  22 l~11lKu ksd 

@ A  a8m 12 h n z @  B wan 6 Ku) ~ . r ~ i ~ l ~ r r d i d ~ i ~ ~ B ! ~ i ~ i n ~ ~ ~ n ~ ~ ~ ~ ~ t l n i f - r l ~ = : n ~ ~ ~ ~  
.d Jmd E a i k d z a u n i ~ m i l u ~ m ~ ~ ~ i u a ~ ~ i m r z ~ i l f l u ~ n i ~ l i n u ~ a u a c i i ~ ~ m ~ ~ u  unzojL~uaiLv~di i  





2) u'uf~na'e yadri taatd 

1uniodoznauonuu6fuiadCtg3iunjuqiu ~ d u  njuqiud*znauunnl%y~~din%fdt~ 

v&szinidtznau Cross Member, ~ i u d ~ ~ ~ d i n t z d t  m y  f ~ w b n n d ~ i i j n i t ~ n n  ju 
Ir 

na.r~iudmauuh ~ m ~ i ~ ~ u d ~ z ~ a a ~ u i u ~ i u l d ' u ~ k u n i ~ ~ ' t = : ~ ~ ' u u % n i d ~ ~ ~ i \ ~ ~ d u  



J qinminan 4. i aiultn~uiunaiuuuiu'1uuin::una1~~a2 
J r w  4 

1) aiu wuluiia ~iumy~nauqnaiuninl t=:naui~n~tt=:q'~~aa~u ~ d u  aiudo~neudt::g 
- w  Y du~iw~uuqzuniaadia~fluia~nn4aunu &mudmnau 

2) h u  cruiuiiq ni~qiiii~nttua~utu~i~n~tdt::nau~~i~u'Iblna.j~aw~msl'~ld~ ( Left: 

L, Right: R, Either E) ~ a ~ a Y ~ k n ~ ~ a ~ ~ ~ i l u d a ~ ~ ~ ~ ' l d n ~ ~ b l ~ w a l u i l ~ R n ~ ~ d l u  
J r o  3) vaniuimtjiu rruiuiia  ani in y n i n i f i ~ ~ u q ~ m n i n l m n ~ u ~ ~ u i I f l u n ~ f i ~ ~ ~ a ~ u  

nadnniiaiu ~ .n f lu~an iu in t3 iud~6~ inn~ t~n 'u%ar jn~3an~aud i t i~n t tun~~~a~u  
J i i ~ a c i i . r l u m i o l ~ ~ ~ ~ f l u ~ a ~ i u i m t j ~ u ~ a ~ ~  A unz B ~ ~ a i ~ q ~ i i n ~ ~ ~ a u n i o n ~ d ~ u ~ ~ a  

l, 

n' lduw"' lz jL l I~~~n' lAn'4~~~ L h 4 h  

J J 
4) ~iurimutnii wuitli% a i u ~ ~ ~ d i ~ ~ u a i ~ ~ $ ~ a ~ i ~ r i a u  unii ladialwintn 4.1 qiun 3 

J A I ~ c i ~ ~ i s i a ~ d a a i u n  2 aacflwiuriaurrrii~a%a'uu&aLvi~~u 
C 

5) a i u d i ~ r i a l ~ n i r ~  r r u ~ u i i a a ~ u d a ~ u ~ t o i ~ e i a ~ ~ ~ d a a ~ u d i ~ ~ y a a u ~ q ~ a ' i q ~ u u ~ a  
J J . r w  4 anK~edi . rw~uwir~an 4.1 a ~ u  3 uaz 4 d a ~ u  5 unz 6 n~iuitn~ime181nun 

4 r r u i u ~ a i u d ~ ~ i u  5 un:: 6 qzfiaaij~iu 3 unz 4 ~flu~~~dnna;~.fiuriau~d~ diwhnis 

d o z q n ~ f l u ~ i u g ~ a i c r n r r u ~ ~ ~ a u s l n n ~ r r n ~ t d t z n a u ~ z i ~ n ~ o ~ ~ ~ t ~ i ~ ~ u d i j  



4.2 o?us7uaYs~mum:<nvt~~~uu~~~~~un~~~~ud~t:n~usnaue;i 
i 

nioimwnaiu i i an isr i i r tuncr i~~ni i ia iu~~~uui~9o~iu lun i~ i i~ iuraanu~iudi i~zn 'u  
i i i i i A  n i s 6 i i a i u n ~ r t u i z a u d i ? ~ ~ s a u ~ r a n i w n i s i i . r i u n w a u i w a l n i u u  aanis 

i A J  
inuraiur~unio8a~nnnidunz~i4m~aridli;lloz~n7ni nirimrm~iur~ur~~aai;~e'sd~u.rn 

i 
d a u l ~ d i u u ? u i o n m s z u z ~ a n i l u n i ~ ~ i a i u r a a a i u ~ i n z d a u ~ d o z n a u ~ u ~ % i ~ i l u w ~ ~ 5 ~ ~  

11 u n z n i u i t n n n u i i ~ ~ a n i ~ l r i ~ i i m d ~ ~ u " ~ ~ d ~ ~ l u ~ ~ a l v u ~ " i . ~  &unnirislrmaiu~.rIIau'I.Siaiuion 
i- Y ril~umranlulno~ilu (Standard time) %4u9~nl?t%dahb 

- 1 .  

1) ~mum:~unn~am7 

n ~ t ~ u ~ ~ n i I u n i t ~ n a ~ ~ ~ ~ i ~ o u ' I # ' ~ d i ~ n i ~ n i  b ~ I # ~ ~ ~ a ~ n i d u ~ r l n s i ~ a ~ ~ ~ n r ~ ~ ~  
1 4  dsninniiaiia uinTLanidlflunisilnmL~ni Uuri ulnoLani 1/100 u i i  rtmumiunrr3um 

Y 
rri16u 0.01 uitiiuraa ludd~zdini~umnidi?unnisls"ULaniuuu4u~i (Repetitive Timing) 

i v 

~ i l u n 1 ~ i u ~ a n i d r i a a ' ~ ~ ~ 1 ~ a n i ~ ~ a d i ~ p i i ~ ~ = : w ' a n ~ 3 ~ 1 d d ~ i ~ ~ ~ 1 ~ r i ~ ~ a i ~ ~ a n i ~ i ~ r i a ~ ~ m l d  
i 1 a 1  8aI;iu uanin~niuM qz~flunniraaaiuciauI;iurnu vsonmrani T h t l a  Ca~iuraa3nmruu 

Y 1 ,," 4 
v J 

u nsguunniunnin'aai;naiuiiuirylunis4 CuiuBnrii unzkriiqub ~at l~~n iv r iau4 i . r  

mm~huin 



3) nisrlsr:rGu~nmniAiaiu 

n?nlrr~Zijrrd'mnnifiiqiw (Rating) i i a n ~ a r m i d a ~ ~ i n ~ ' ~ f t n ~ ~ a n i ~ ~ ~ ~ ~ r ~ u u n ~ ~  

riiaimaanwiu 'da~i~aqnilnwa~n'ut::~uni&iaiudtna~unaiu~nnaa~ri init i lnm~~ni 

a a f i ~ t : n a u ~ u r i i d u ~ u a ~ ~ v ~ n n w ~ ~ n ' 1 ~ 4 r r u 1  n a i u q n ~ a a q i n n i t 1 ~ ~ a f i ~ t ; t : n t l u ~ 4 1 1 ~  
i 

dkwis ~ ~ l ~ i i u ~ ~ n n i r j i i a i ~ ~ a a ~ u a i ~ ~ a ~ n & ~ ~ u ~ n ' u n i r j i i ~ i u ~ ~ a ~ ~ ~ i ~ n ~ u u i : : ~ ~  
ill u ill u 

~ i u ~ l m f i  lunisl'y~anina~nw~unuammni&iaiuQi lriiiuiry~%nunuammni~i4iu~~a 
i Y  

~iluuimqiu lunurr~iluldmiunuu~jiuIuaiu'i4u 

4) n-twiiuumranrda 
f, 

h~iudt::naumauli'rdvu~::I~w~n~iud~u~aiu ~~' lunniwuan~almis~i ia~u~13a~u 
i wv i i  wcinaiu~r~iinnaiu~uau&i ~aai~qrka~~anidigt::odaub;ia unrdawnia~anilunit .. C4 dgumaiu &?uLanidfnft~~kinni?~iuam ;a ~an i~ tnua iu !~ iu i~~ ia iu&aana iu~8a  

dsnii wini&ia~u~nsQia~Zi~::iib~~u'nimqmW'ndau ~h~ f tmrvqd iQ i~as  k~?u?alia.r 

u 'n f i ida~?r f i~ ia iun t~e i ia~  ~ i na i u i bnca  (Bartholdi: 1993) wuii ~unis.r iunidnnmu 

~andJ(l4m~nciudzna~I; iu .~ r i~an ida l t i  20 % 

5 )  m m b a m m n ~ ~ i u  

din?u%ay nlufraaiudt::nau t ~ c l u 6 d ~ a n i n i s i  1 iurriin'u 8 i a h a  (480 
L, 

ll :2 uii) uda~flu~anin'nArtum 50 u in  n~ulinninn'u%ay nnm~~aniluuin::iiqntsum~a~wuii 
i 4 ~ ~ n i ~ w t l s i n n n i r r u ~ m b e u I u n i ~ r i i a i ~ i h ~ d ~ : : ~ ~ m  20 % na~~af i in i t r i ia iudtn% aa 

namnEiarriu%ayalu4iu'i19'u (Bartholdi: 1993) 

& 

i i , . *I mioth ~ i ~ w a r . j ~ i ~ ~ ~ f l u  20% naaca~idmii 
tr 

~a~irlon~naaaiud~w'adin0::'5dta = 3.79 
i ", ?iiwu~Ifi~ani~wana~um - - 20 





I 

Maximum Follower, MAXFOL I ~~anaiusie~daquinqn 

Ranked Positional Weighted Technique: RPWT 

Maximum Duration Time, MAXDUR 

Minimum Duration Time, MINDUR 

d ~ a n i ~ ~ = : ~ i n i n ~ a n ~ i u ~ $ ~ a f i i u i n n q m u i ~ i ~ a u  J P ~ ~ I v ~ ~ I ~ w ~ ~ N Y ' ~ ~ ~ ' I I B ~ Q I u ~ ~ ~ ~ : :  J 

i J gmzanrviaufi %qriini?du~$en ~axlr,,, 1 rum t,,, riluraninaaaiun~rpn~zan 

~ ~ a n b u ~ n i i ~ u ~ i u v d ~ ~ Q ~ d a . j ~ i v ~ n  
I I 

~ $ a n ~ i d ~ $ ~ a a i u i n $ q ~ u i i i r i ~ u  

~ a n a i u d l ~ ~ a ~ i r ~ a ~ ~ ~ n u i i i f i a u  

a a n i s u q r i i n i t ~ a n a i u n l ~ ~ a n i d ~ ~ d ~ m u ~ i ~ r i a u  Y J ui6iauiignmuu'iiina~~iulmnq=: J 

i J q n ~ ~ e n ~ v ~ a u n ' u  faq=:*iin~?du~zan   in It,,, 1 Lua t,,, ~i]unninaqeiunqaqnr$an 









4.3.3 n ~ m ~ m a u q n a ~ a n ~ d ~ n e i l u ~ ~ a e a  A'iu 10 aiu 
Y Jd " 'ludauuqz~lnw'aarii~iliu 10 QIM nufin~~niorlznsu~ilueliiu#iu (34116) teiiunai 

(3 mu) u~raudaiuim~~ju'i;iMq~n~iiutmbiiuad~ (4.1111) ~IUIIITIQ~' 4.3 

n. n i m U m ~ u ~ a a i a r n ~ ~ n e i l  sl"aa3d RPWT 
J iinisl"su;rni RPW qinuinldaiiiau unzuun~iuaanu~~ilu 3 Knwumiumifn.~n 4.4 

1 nc 4.6 miuciin'~ ~4a&ni~man~iuL+ idan i i4 iu  

NO 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

diiu 

L 

R 

L 

R 

E 

E 

L 

R 

E 

E 

I 

~ i l i  

0.5 

0.75 

0.25 

0.15 

0.35 

0.45 

1.15 

1.25 

0.5 

1.5 

~ i u r i a u v ~ i b o m . ~  

- 

- 

1 

2 

3,4 

3,4 

- 
- 

7,8 

7,8 

iiwwiudviidaldi~u! 

3 

4 

5,6 

5 5  

- 

- 

9,10 

9.10 

- 
- 



J 
i iu~da~;i iaciaaci '~~Qnrac~ein~a~u aniiaaciiaa'irr?u~iunia&iura~ RPW raaciun 2 

i nii~uwnrauraa~animn 4 unr 8 tau~u~aniaiuraani~aa&au dai i~ irr i i~u 

1.25+0.15+0.75=2.15 ~flu$ild 



h a  

a n i i  

~ I U  

1 

n a i  

a n d  

4114 

1 

aiud 

4nft00 

1 

3 

7 

5 

9 

a i d  

6 a n  

2 

4 

8 

6 

10 

wni 

4116 

0.5 

0.25 

1.15 

0.35 

0.5 

bani 

~ 9 2 ~ 3 . 1  

0.5 

0.75 

1.9 

2.25 

2.75 

~ a a i  

4116 

0.75 

0.15 

1.25 

0.45 

1.5 

~ a n i  

aa r r  

0.75 

0.9 

2.15 

2.6 

4.1 



n i m d  4.10 ni09'm\1iwmiu MAXDUR a w h u a ? i  





R I % ~  4.1 l(ria) unsinni6blh9B;j~ MAXDUR 10 4 i w  





&a nal  

aniC 

.SIW 

1 

~381 

azau 

0.75 

0.9 

2.15 

2.6 - 
4.1 

an1 

41ld 

0.5 

0.25 

1.15 

0.35 

0.5 

aid 

1 

3 

7 

5 

9 

~ a a i  

41u 

0.75 

0.15 

1.25 

0.45 

1.5 

anid 

5116 

1 

Lqni 

~ Z A U  

0.5 

0.75 

1.9 

2.25 

2.75 

aid 
qmaw 

2 

4 

8 

6 

10 



J 
L3claaiu~qnununzucln.~iuaan~flu 3 Knnanrrffa aiu)iiubiu/n~i unwiunniuita 

d ~ r j i i ~ q i n d i i u b ~ i u v d ~  ~ u ~ d ~ a Q q i m r i ~ i ~ u m i u n ~ ~ u d ~ h ' c y n ~ a ~ ~ u  kakf ihqqiu 

n'iiciuiidar~n'un'uind~n 

iud 2: 
A ~qitnri~iudii~~iuriih'cyd~z6~~i1u1n"1riau1,u~101il r a f i i v i n ~ l l u a i u n i t h  

b i c l / n~ i  i f i im~hhu h u / n ~ i  u n z a i u d n i u i t n ~ j u ~ ~ r i n n ~ i u ~ ~ ~ u a d a n a a  

w i i n n ' n r n ' l f i ~ i i a n ~ a n a i u n . ~ ~ d i u d ~ ~ ~ ~ t n i & l ~ ~ u r X ~ % n i ~  
iud 3 

J J n u a i u d i n a t m a n ~ i n n ~ n i t ~ ~ u k c l i ~ ~ n t a ~ v u ~  m-aunr~iunWiiaiuriauv6~qz 



4.3.4 n i m " ~ a u q ~ a i m n i d ~ n ~ ~ u ~ ~ a ~ ~ A ' i u  22 p i u  

lid " ~udau;qwnnialiiaaiu 22 aiu nrrnnawnidrznau~~u~iu~ifl(8aiu) diiwai 

(9aiu) u n ~ i u ~ ~ ~ u i ? ~ d ~ j u ~ ~ ~ ~ n d i ~ u ~ m ~ ~ u v d a  (5aiu) niuninai! 4.20 

#7(1 

noiii  

4716 

1 

811 

aniii  

4116 

1 

aiui 

G A T 3  

1 

3 

7 

5 

9 

~ i u i  

<flA?T 

2 

4 

8 

6 

10 

L ~ I  

4116 

0.5 

0.25 

1.15 

0.35 

0.5 

an1 

AZAU 

0.5 

0.75 

1.9 

2.25 

2.75 

~an1 

4116 

0.75 

0.15 

1.25 

0.45 

1.5 

L'MI 

AZAU 

0.75 

0.9 

2.15 

2.6 

4.1 





No 

1 
- 

3 

5 

7 

10 

12 

16 

21 

aiu~iiesdiriaucrfli 

RPW 

10.2 

9.71 

8.39 
- 

6.85 

5.66 

4.47 

4.09 

3.13 

Time 

0.49 

1.32 

1.54 

1.19 

1.19 

0.38 
- 

0.96 

3.13 

No RPW Time 
1 2 

t 

aiui fl'bia~riirieucrfli 

3 

t 

14 

16,17 

14 

18 

15 

18 

19 

20 

1 

" 

l 

1 

3 

5 

' 

12 

20 

4 

t 

14 

16.17 

14 

18 

8.66 

7.65 

5.31 

2.25 

2 

" 

t 

t 

5 

l 

12 

20 

5 

" 
------- 

t 

l 

l 

18 

1.01 

2.34 

3.06 

2.25 

3 

- 

" 

t 

t 

t 

12 

20 

6 

t 

l 

' 

14 

16,17 

14 

18 

4 

t 

l 

" 

' 

20 

14 

16,17 

14 

18 

7 

* . t -  

l 

5 

- 

- 

t 

t 

t 

20 

8 

t t t  

* 

6 

- 

t 

t 

- 

- 
20 

9 

- 

t * " _  

- 

7 

- 

- 

l 

- 

10 

t 

8 

t t t  

t 

- 

l 

11 

----- 

l 

9 

- 

- 

t 

- 

' 

12 

- 

" 

10 

- 

n 

t 

t 

13 

11 

- 

.. 

t 

- 

14 

12 

t 

15 

13 

.t 

14 

- 

15 

- 







ni?d 4.2qrin) unqinnits'm6au;j;lfi RPWT 22 41w 

qinwnqinninknuslnXatl%niSniim'uiiuvdqLtqriaqPiv~n~=:ij~6vun 10 naiihriu 
Ir J Ir 

iiqnmrhuddznauld~iatlnniiqiun'il2 Xiu ~ ~ u ; i r n i c i u n 6 ~ n i ~ ~ v u n ~ v i i n ' ~ 1 6 0  u i ~ d c  

n i n d  4.25 %nitsYm4idau MAXDUR i i u ~ i t d n i ~ 6 i d i u  

a"7u nal 

anid 

6116 

3 

4 

5 

Lani 

AZAU 

5.26 

6.0 

1.09 

4.36 

L~AI 

4114 

1.19 

0.27 

3.06 

2.94 

3.13 

J 
41uw 

4'nnss 

10 

IDLE 

19 

IDLE 

2 1 

No 

21 

5 

16 

3 

7 

10 

1 

~ a m i  

61u 

5.26 

0.74 

1.09 

3.27 

nnid 

4156 

4 

5 

~aa i  

nznu 

5.73 

6.0 

3.06 

6.0 

3.13 

Time 

3.13 

1.54 

1.36 

1.32 

1.19 

1.19 

0.49 

~iudbiaariirieucr61 

J 
61uw 

<mass 

9 

IDLE 

11 

22 

1 

20 

1 

12 

3 

5 

" 

2 

20 

t 

12 

n 

t 

5 

3 

20 

n 

12 

t 

t 

4 

20 

t 

t 

5 

20 

t 

6 

20 

* 

t 

7 

' 

- 

11 

- 

t 

n 

- 

8 

' 

t t t  

t t t  

12 

n 

9 

- 

13 10 

- 

- 

- 

t 

t 

14 

- 

- 

15 



nclnsi 4.25(is) %hiG~iWdi?fl MAXDUR ~ 1 ~ ~ 4 1 ~ ~ 1 4 h d l f l  

II 
nclnsd 4.26 ~ m ~ % 4 i d ~ u  MAXDUR diuiu.riunniuim~ ~ u ~ . r i l d r ~ ~ i n ~ ~ n ~ ~ i w  

- - 

No 

12 

Time 

0.38 

> 

~ i u i f f i e ~ d i r i a u v i  

No 

20 

19 

14 

18 

15 

1 2 1 3 1 4 1 5  

Time 

4.36 

3.06 

2.37 

2.34 

1.01 

aiudsiaariiriaurrai 

10 

- ' 

11 

- 

5  

- 

10 

" 

t 

8 

* 

t t t  

t . .  

- 

4 

n 

6 

- 

1 2  

t 

12 

- 

t 

11 

- 

- 

4  

18 

14 

16,17 

14 

9 

- 

3  

18 

14 

t 

16.17 

14 

- 
1  

18 

14 

l 

16.17 

14 

7 8 9  3  

t 

2  

18 

14 

t 

16.17 

14 

5  

18 

l 

n 

l 

' 

15 

- 

13 

n 

14 

- 

6 

l 

. 

7 

l 



J 
8uaaiu;arrunun=:uanoiuaanL!u 3 n'nanrriia aiuXiu4ia/~1ai unraiunaiuitn 

dfiu~iMqinXiubXiurrda nu~~aii~imi~iKumiunaiudin'ryaaaaiu ka l f ihac iu  

dl~Lafllulnld6aa 

tud 2; 

i ~ i i u d i u i a i u i i i a u l u m i m  dafiainL!uaiunia&iu41a/ 

.~aiIdi~nrYii;iu~ia/aai unraiudaiuirnd j ~ ~ ~ i ~ i n n ~ i u ~ m ~ i u r r d a ' ~ ~ a a w ~ w ~ w ~ i ' ~ u  

~8aninarr.iunalu&iud~iuim&aiuM~hnii 

tud 3; 
J J 

nuaiud~n?man~innani ta iukai i~n?aarru ia u-munraiunlu'!aiuriau~~i~r 

~ 7 3 ~ 4  4.28 wn~inni~m&9i?u% MAXDUR 22 4116 



mnri  4.28 (ria) unsinniSnh?u% MAXDUR 22 q i w  

&€I 

a n i i  

4114 

2 

3 

4 

5 

MAI 

azau 

3.73 

6 

2.37 

3.73 

6 

2.34 

5.47 

6 

3.06 

4.25 

5.44 

6 

1 .O1 

sniG 

4116 

2 

3 

- - 

4 

5 

'1111 

J 
4iun 

%ass 

13 

IDLE 

17 

IDLE 

IDLE 

20 

IDLE 

9 

IDLE 

22 

8 

11 

J 
~IUW 

 mass 
12 

IDLE 

14 

16 

IDLE 

18 

21 

IDLE 

19 

10 

7 

IDLE, 

15 

L ~ A I  

411.4 

0.38 

0.47 

1.24 

4.76 

2.34 

2.25 

1.41 

5.26 

0.74 

3.27 

1.38 

1.09 

~1451 

4116 

0.38 

2.27 

2.37 

1.36 

2.27 

2.34 

3.13 

0.53 

3.06 

1 .I9 

1.19 

0.56 

1.01 

Lam 

azau 

5.53 

6 

1.24 

6 

2.34 

4.59 

6 

5.26 

6 

3.27 

4.65 

5.74 



- 

No 

12 

1 

10 

7 

3 

16 

5 

21 

Time 

0.38 

0.49 

1.19 

1.19 

1.32 

1.36 

1.54 

3.13 

a~u~he~i~rieucrh 

No 

15 

18 

14 

10 

20 

a~uffbieai~riaucrfli 
No Time 

* 

5 

3 

12 

1 

20 

Time 

1.01 

2.34 

2.37 

3.06 

4.36 

a~ud6esriirieucrfl~ 

1 

14 

16,17 

14 

18 

1  2  3 

1 2  

5 

tt 

12 

20 

4  

* * t t -  

2 

11 

2  

14 

16,17 

14 

18 

3  

* 

12 

** 

20 

5  

----- 
0.55 

1.09 

3  

14 

16,17 

14 

18 

6 

" 

6 

4  

tt 

20 

4  

14 

16,17 

• 

14 

18 

5  

* 

tt 

18 

- 

7  

- 

- 

* * * * * -  

- 

6 

5  

- 

H 

20 

6 

6 

- 

* 

- 

20 

7 8 9  

* * *  

* * *  

8  

- 

- 

7  

* 

* -  

9  

- 

- 

8 

- 

* 

10 

tt 

- 

* 

10 

9  

* * t t -  

11 

-- 

11 

- 

tt 

- 

* 

- 

- 

10 

12 

- 

11 

- 

* 

12 

- 

tt 

1 2 1 3 1 4 1 5  

- 

- 

13 

13 

14 

14 

15 

15 



8 

6 

4 

22 

9 

1.38 

1.44 

3.16 

3.27 

5.26 

4 

2 

l 

20 

6 

l 

l 

* 

20 

6 

l 

* 

- 

20 

l 

l 

- 

20 

t  

20 

t  

- 

20 

t t t *  

- 

l 

- 

- - -  

*  

t t t t t  

- 

l 

t  

- 

- 

l 

t  

t  

t  

" 

t  

- 

* 

t  

- 

* 

- 

- 

- 



a n i i  

41U 

1 

2 

3 

4 

L Q ~ I  

6116 

0.49 

1.32 

1.54 

0.38 

2.27 

2.37 

1.36 

2.27 

2.34 

2.25 

1.19 

0.22 

1.19 

3.13 

a n 4  

41U 

1 

2 

3 

4 

5 

6 

J 
.JIUM 

&fit3 

1 

3 

5 

12 

IDLE 
- - 

14 

16 

IDLE 

18 

20 

7 

IDLE 

10 

2 1 

L Q ~ I  

41U 

0.55 

0.55 

3.16 

1.44 

0.38 

0.47 

1.24 

4.76 

2.34 

1.01 

1.09 

1.38 

0.18 

3.06 

2.94 

3.27 

2.73 

5.26 

LQM 

a%fiU 

0.49 

1.81 

3.35 

3.73 

6 

2.37 

3.73 

6 

2.34 

4.59 

5.78 

6 

1.19 

4.32 

'1111 

J 
41un 

Is'mfi33 

2 

2 

4 

6 

13 

IDLE 

17 

IDLE 

IDLE 

15 

1 1  

8 

IDLE 

19 

IDLE 

22 

IDLE 

9 

M ~ I  

fiZfiU 

0.55 

0.55 

3.71 

5.15 

5.53 

6 

1.24 

6 

2.34 

3.35 

4.44 

5.82 

6 

3.06 

6 

3.27 

6 

5.26 



No 

1 

3 

5 

7 

12 

10 
- - 

16 

21 

No 

14 

18 

15 

19 

20 

Ctn 

1 

1 

1 

1 

1 

0 

0 

0 

Ctn 

1 

1 

0 

0 

0 

Time 

0.49 

1.32 

1.54 

1.19 

0.38 

1.19 

1.36 

3.13 

Time 

2.37 

2.34 

1.01 

3.06 

4.36 

aiud6~af ~riauvriii 

aiud~eaiiriauufi? 

1 

16,17 

14 

14 

18 

13 

. 
1 

n 

1 

3 

' 

5 

12 

20 

7 

- 

- 

20 

2 

t 

16,17 

14 

14 

18 

14 2 

- 

n 

t 

t 

t 

5 

12 

20 

15 

3 

t 

16,17 

14 

14 

18 

3 

n 

t 

t 

t 

- 

12 

20 

8 

t t t  

10 

t 

n 

9 

4 

t 

16,17 

14 

14 

18 

4 

- 

n 

t 

20 

11 12 

- 

n 

- 

5 

t 

t 

t 

20 

5 

n 

16 

18 

6 

t 

n 

20 

6 

- 

t 

t 

18 

7 

rr 

18 

8 

- 

t t t  

t t t  

9 

- 

10 

t 

t 

11 

t 

n 

- 

12 13 

- 

- 

n 

14 

- 

15 

- 

- 





an1G 

4116 

1 

2 

3 

4 

5 

A ~ I G  

4114 

1 

2 

3 

4 

5 

~"I€I 

J 
41m 

<msooo 

1 

3 

5 

12 

IDLE 

14 

16 

IDLE 

18 

7 

IDLE 

IDLE 

2 1 

IDLE 

19 

10 

15 

nai 

41ud 

4msoos 

2 

4 

6 

13 

IDLE 

17 

IDLE 

IDLE 

20 

8 

IDLE 

9 

IDLE 

22 

1 1  

~fafii 

41% 

0.49 

1.32 

1.54 

0.38 

2.27 

2.37 

1.36 

2.27 

2.34 

1.19 

1.06 

1.41 

3.13 

2.87 

3.06 

1.19 

1.01 

~ a a i  

azf0a.1 

0.49 

1.81 

3.35 

3.73 

6 

2.37 

3.73 

6 

2.34 

3.53 

4.59 

6 

3.13 

6 

3.06 

4.25 

5.26 

~981 

4116 

0.55 

3.16 

1.44 

0.38 

0.47 

1.24 

4.76 

2.34 

2.25 

1.38 

0.03 

5.26 

0.74 

3.27 

1.09 

~qaq 

IZALI 

0.55 

3.71 

5.15 

5.53 

6 

1.24 

6 

2.34 

4.59 

5.97 

6 

5.26 

6 

3.27 

4.36 



4.4 m m u ~ ~ O r l m n s u d ~ u ~ n i ~ U ~ ~ u q a ~ ~ a n ~ ~ ~ n ~ ~ u ~ ~ ~ ~ ~ d i i u  

~ ~ n 7 s r p ' 8 9 1 ~ i ~ d ? ~ n ? u ~ 8 i ~ ~ ~ n  ~%JIIWI Java ~ n Z l f l f i ~  TI? JFreeChart unz JCommon 
Ir 4-3 

L;fa~i~aua~a~auuvnndui.j i i v k  Java Cd%ammaca 

1) & f ~ a h q n i a n i ~ ~ d $ m b l ~ ~  unmliunyuni?~~a~fdfun?u~~a?'mq (Object- 
J 

Oriented Programming) ~ ~ 7 t l d b n i ~ " ~ ~ i  
-" 3 

2) d k ~ a k ~ n n ~ % n ~ n d ~ ~ u i z a u C u a ~ u ~ t n m ~ ~ ~ u v v ' ~ ~ n ~ ~ n ~ a ' ~ u ~ ~ u ~ q u u  

unzmartml+~iu'18;n'ui 

3) nia? Java $ u ~ ~ u n i ~ d ) [ r i b ~ t l d ~ ~ ~ ( i i ~ t l ' ~ u n ~ ? ~ ~ w ' ~ u ~  ndiaiia ~nmt l l d l d .  
J W'MUI (Integrated Development Editor), n i w n l ~ u n ~ s ~ ~ u u l d ~ u n o u  

(Programming Language), n i ~ u d a ~ r ~ u ~ d ~ u n m r r r h u l & i ~  (Compiler) uaz 

dauariunyuniti,tln'I1.j1u (Runtime Environment) ~ v ~ i ~ ~ ~ ~ ~ t l ~ i ~ ~ ( i i i t l ~ u t ~  

4 ~ I i i ~ q J H l A ~ ~ 3 3 W ~  

4) a ? u ~ ? n ~ d j i u b ~ u ~ a ~ u ? = : ~ ~ ~ d ~ v ' i i i n ~ t  Microsoft Windows uaz. Unix-based 

bu~w 'oac i  Source Code u i  Compile Ivd 

d ? v ~ n ~ ~ k r u ~ ~ ~ l l t u n w n ~ s l s ' m ~ u ~ n ~ ~ 0 n 1 ~ ~ n a u u u u ~ ~ ~ b i ~ u d ~ 4 ~ 9 ~ d 0 = : ~ a ( i ~ ~ ~  

mauauaq r )  i i u ~ u a o i ~ ~ i u d r v u i ~ ~ u ~ m t l d i i ~ v u m ~ ~ ~ ~ a n ~ n ~ ' t ~ ~ m u ~ ' ~ ~  2) n i u i m k n n  
C 

.1 iu~n'~6iuhu/Xiunai u n r a i u ~ ~ i u i m r i i ~ k i n k ~ n a ~ m ' 1 u ~ a ~ ~ ~ m ~ ~ ~ 3 )  aiui tannv 
4 n ~ ~ ~ n i i ~ ~ ~ ~ u n a ; l u e i a : : a n i G ~ ~ u M  





Operating tima 



RPWT I MAXDUR 



RPWT I MAXDUR 





- w  A 
a & ~ i n ~ ~ ~ u n n t ? ~ n i t a i ~ i m a u ~ ~ p i ?  ~ e d i n i i i ~ ~ n : : r i w a ~ i u ? ~ u a e r : : ~ i ~ a y n e i u u i  

i i 
q i n u n 6 4  (10 LLA:: 22 c i u )  u i n ~ ~ ~ a ~ ~ ~ a i v ~ ~ t a i i i ; j " s n i t ' I m ~ ~ u i : : ~ u n r z ~ i u i d r : : q n f i ~  

~ ~ a : : b l ~ ~ ~ n I P I W ~ z ~ ~ u n i ~ ~ n ~ a u a i ~ ~ i u ~ ~ m n s i i t r a ~ 8 i o n f t n u s i a = : ? Z  ~nuviiniriLnoi::G~do 
i 4 

ivqirmii i~diLsiuaciiefiau 1 ~ ~ ~ s l n s i ~ e n i r ~ ? a ~ ~ f i i ~ w u i i d i ~ ~ a u u ~ ~ ~ i u u m n e i i c n ' u ~ c ~ i  

n i m n n a u ~ ~ c ~ ~ m u ~ ~ e u  d~nimnnac~~aundz~~'uL~i:uum~L~ainirwZm~~iiw~u 30 n k  
A '  

LLa::nnnauioz~udin?iuL"dau'u 95 % ~in~u~niinirr::L~uUi"sniss'm~ofciu1dd?::u~aw8 
d 

~ ~ y a ~ > c ~ i n ~ i u ~ t : : n a u t n ~ u ~  (183 ciu 429 dauIa)  nunnsIuninwu?n a ~ u ~ q u c j n ~ i i u  
4 , -  i i 

qza ' i u iun~ lu l?  (Sensitivity Analysis) ~ e ~ u a R i u ~ i c ~ ~ ~ a u m ~ u d f ~ ~ d a u u u d ~ c ~ d  ~ d u  M U  

4 rl 
~?aini twZm d ~ l ( ~ w a d a ~ i n ' u ~ i u 6 t d ~ u u ~ ~ d n ~  ara~~~li !~iu$in~u~%fif)unc ~flu&u 



T k 

Correction Term: CT = - ,N= E n i  
N 

SSW = SST-SSA 

SSA 
MSA = - 

SSW 
, MSW= - 

f* d f w 

MSA F =- "' MSW 

T ~ C ~ ? ~ I Q ~ ~ X I  
MSA 

df, SSA MSA - 
MSW 

niu'lwntju df, ssw MSW 

mu df, SST 

6) L$WVL$~U F cat 6 ~ ~ i q i ~ ~ i n . 1  f ~ T ~ K L I C ~ ~ I ~ ~ C ~ ,  (df., df, ) 14% f a.tdf,.df, 

q inn i f i ~n t i zG~? iu~~dodo~u  Rid j ~ n a  H, u ~ n t l i ~ t i i r a d u a a ~ d o z ' ~ ~ ~ n ~ ' o o d ~ ~ ~ a a  
i ,i i i i au~gnumnsii~nir ~ ~ n ~ t n q r d i n i o i ~ ~ ~ ~ : : G i a ~ d a a ~ i ~ ~ t i ~ ~ a ~ u ~ . [ m d ~ ~ n u m n i ~ ~ ~ u  n i t  

- w  rl n ~ n a u a P i J q i n n i i i ~ n o ~ : : G n ~ ~ u ~ ~ d o d o ~ u ~ u n ~  nio~LEuuduu~il.rdbu dqluciuaquhr 

n d i l ? l ~ n l m ~ ~ ~ U ~ n ~ n 1 6 ~ ~  (Pair t-Test) 





No. 

1 

Cycle 

Time 

1.62 

RPWT 

19 

20 

21 

22 

Eff 

32.610 

2.33 

2.14 

2.22 

1.86 

Idle 

4.490 

MAXDUR MAXFOL 

No' 
St 

7.000 

Eff 

58.095 

MINDUR 

Eff 

53.985 

58.445 

45.180 

65.130 

31.950 

Eff 

32.610 

ldle 

2.870 

ldle 

2.870 

2.470 

3.850 

2.030 

4.310 

St 
No' 

6.000 

Idle 

4.490 

No. 
St 

6.000 

St 
No' 

6.000 

4.000 

5.000 

2.000 

6.000 

63.935 

73.065 

70.355 

37.070 

2.470 

1.710 

2.030 

4.310 

4.000 

4.000 

4.000 

6.000 

58.445 

45.180 

65.130 

31.950 

2.470 

3.850 

2.030 

4.310 

4.000 

5.000 

4.000 

6.000 

61.815 

45.180 

65.130 

32.355 

2.470 

3.850 

2.030 

4.310 

4.000 

5.000 

4.000 

6.000 



h - 7 h 7 i 7  fa . (dfA,dfw,  i t z ~ u ~ u c i l n ' r y  0.05 L d o r i ~ n ~ t i i r n ~ ~ q ~ n n ~ t i t w u i ~ ~ i i ~ ~ i ~ u  
Y 

2.69 Minitab V15 A7UItnLL~~QI97014 ANOVA IhmlU 

nincd 5.2 

MAXFOL 

No. 

23 

MINDUR 

- 
X 

S d 

No. 
st 

6.000 

Eff 

43.430 

MAXDUR 
Cycle 

Time 

1.76 

No' 
St 

6.000 

ldle 

3.710 

Eff 

39.610 

Eff 

45.835 

47.804 

11.852 

ldle 

3.710 

ldle 

3.710 

R M  

3.391 

0.872 

No' 
St 

6.000 

Eff 

39.610 

5.300 

1.418 

ldle 

3.710 

St 

6.000 

59.375 

8.991 

2.717 

0.582 

4.967 

1.159 

47.804 

11.852 

3.394 

0.875 

5.333 

1.269 

52.766 

9.141 

3.119 

0.678 

5.200 

1.126 



! ~ ~ I ~ F I J ~ ~  fa.(dfA.dfW, i o : ~ u ~ u ! i l i ~  0.05 i d o ~ i n i o ~ ~ i l n r i i ~ i n m i o i t w u . j i i i ~ l i ~ v i i ~ u  
2.69 q i n ~ u ~ ~ $ i n i t d t : u ~ a w n 6 ~ u ~ d ~ ~ ~ n t ~ ]  Minitab V15 n i~ i tnunntmint  ANOVA l6niu 

J 
B115'7QM 5.3 

~l?Id 5.3 I111574 ANOVA ll~411~1d7447~ 10 41U 

ilvFuhl a,(dfA,dfW ~t:6u1%dih~ 0.05 ~ d o v i i n i o ~ ~ i l n r i i r i n m i ' ~ ~ t w u i ~ i i ~ ; ~ ~ ~ ~ f i ~ ~  
2.69 ~ I ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ : U ~ ~ ~ ~ W ~ ~ C ~ T L L ~ T U  Minitab V15 ~ I U l O l l ~ ~ ~ t A l ~ t  ANOVA ldimlu 

mintd 5.4 



No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Cycle 

Time 

1.62 

2.32 

1.98 

1.95 

1.66 

1.58 

2.19 

2.02 

2.40 

2.18 

1.95 

1.59 

1.64 

2.44 

1.65 

2.45 

1.56 

1.61 

2.33 

2.14 

2.22 

1.86 

1.76 

R M ,  

MAXDUR 

-25.485 

-5.470 

7.185 

7.075 

-27.110 

-24.855 

-5.160 

6.330 

-5.655 

-5.135 

6.975 

-25.010 

-25.795 

-5.745 

-25.955 

-5.770 

-24.540 

-25.325 

-5.490 

-27.885 

-5.225 

-5.1 20 

-6.225 

d, 
Rp'M. 

MINDUR 

0.000 

-0.010 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

R M .  

MAXFOL 

-21.375 

-2.855 

0.000 

0.000 

-22.000 

-2.1 75 

-3.165 

0.000 

-1.600 

-3.155 

0.000 

-2.1 90 

-23.560 

-1.620 

-21.775 

-1.630 

-2.150 

-21.245 

-3.370 

0.000 

0.000 

-0.405 

-3.820 

(rls=An%niwflion?stlzn~u) 

MAXDUR, 

MlNDUR 

25.485 

5.460 

-7.185 

-7.075 

27.110 

24.855 

5.160 

-6.330 

5.655 

5.1 35 

-6.975 

25.010 

25.795 

5.745 

25.955 

5.770 

24.540 

25.325 

5.490 

27.885 

5.225 

5.120 

6.225 

MAXDUR . 
MAXFOL 

-21.375 

-2.845 

0.000 

0.000 

-22.000 

-2.1 75 

-3.165 

0.000 

-1.600 

-3.155 

0.000 

-2.190 

-23.560 

-1.620 

-21.775 

-1.630 

-2.1 50 

-21.245 

-3.370 

0.000 

0.000 

-0.405 

-3.820 

MINDUR, 

MAXFOL 

-21.375 

-2.845 

0.000 

0.000 

-22.000 

-2.175 

-3.165 

0.000 

-1.600 

-3.1 55 

0.000 

-2.190 

-23.560 

-1.620 

-21.775 

-1.630 

-2.1 50 

-21.245 

-3.370 

0.000 

0.000 

-0.405 

-3.820 



NO. 

28 

29 

30 

No. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Cycle 

Time 

2.32 

1.52 

1.52 

d ,  (ds=3~3n~wfiirrn~91Jq:nnu) 

- 
d 

S d  

R W ,  

MAXDUR 

-5.470 

-23.910 

-23.91 0 

-1 1.572 

12.429 

Cycle 

Time 

1.62 

2.32 

1.98 

1.95 

1.66 

1.58 

2.19 

2.02 

2.40 

2.18 

1.95 

1.59 

1.64 

2.44 

1.65 

2.45 

1.56 

R W ,  

MINDUR 

0.000 

0.000 

0.000 

0.000 

0.002 

R W ,  

MAXDUR 

1.620 

0.000 

0.000 

0.000 

1.660 

1.580 

0.000 

0.000 

0.000 

0.000 

0.000 

1.590 

1.660 

0.000 

1.650 

0.000 

1.560 

RPWT. 

MAXFOL 

-3.355 

-2.095 

-2.095 

-4.962 

7.844 

R W ,  

MINDUR 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.020 

0.000 

0.000 

0.000 

0.000 

MAXDUR, 

MINDUR 

5.470 

23.910 

23.91 0 

11.571 

12.430 

d ,  

R W .  

MAXFOL 

1.620 

0.000 

0.000 

0.000 

1.660 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

1.660 

-0.030 

1.650 

0.000 

0.000 

MAXDUR , 

MAXFOL 

-3.355 

-2.095 

-2.095 

-4.962 

7.844 

( ~ 7 8 l d l 3 3 1 ~ )  

MAXDUR, 

MlNDUR 

-1.620 

0.000 

0.000 

0.000 

-1.660 

-1.580 

0.000 

0.000 

0.000 

0.000 

0.000 

-1.590 

-1.640 

0.000 

-1.650 

0.000 

-1.560 

MINDUR. 

MAXFOL 

-3.355 

-2.095 

-2.095 

-4.962 

7.844 

MAXDUR . 
MAXFOL 

0.000 

0.000 

0.000 

0.000 

0.000 

-1.580 

0.000 

0.000 

0.000 

0.000 

0.000 

-1.590 

0.000 

-0.030 

0.000 

0.000 

-1.560 

MINDUR. 

MAXFOL 

1.620 

0.000 

0.000 

0.000 

1.660 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

1.640 

-0.030 

1.650 

0.000 

0.000 



d r z ~ u n a ~ u ~ ~ a ~ u  95 % a = 0.05 L d a ~ i l n m ~ t i r r i n n i n u u ~ n  q  qzd  j ~ n a  H,, 
1 

fil l o  < -to.o*5,29 = -2.045 MTQ to >t0,025,29 = 2.045 k ~ u f i q d ~ ~ 4 i d r z l ~ ~ n i w f i ~ ~ n ~ r  

NO. 

18 

19 

20 

2 1 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Cycle 

Time 

1.61 

2.33 

2.14 

2.22 

1.86 

1.76 

2.41 

2.06 

2.44 

2.11 

2.32 

1.52 

1.52 
- 
d 

Sd 

R W .  

MAXDUR 

1.610 

0.000 

2.140 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

2.1 10 

0.000 

1.520 

1.520 

0.67 

0.85 

RR'JT. 

MINDUR 

-0.090 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.00 

0.02 

d ,  

R W ,  

MAXFOL 

1.610 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.27 

0.62 

(L?~I~?~Q?M) 

MAXDUR. 

MlNDUR 

-1.700 

0.000 

-2.140 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-2.1 10 

0.000 

-1 520 

-1.520 

-0.68 

0.85 

MAXDUR . 
MAXFOL 

0.000 

0.000 

-2.140 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-2.1 10 

0.000 

-1 520 

-1.520 

MINDUR, 

MAXFOL 

1.700 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-0.40 

0.75 

0.27 

0.63 
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No. 

1 

Cycle 

Time 

5.92 

R M  

Eff 

34.925 

MAXDUR 

Eff 

49.710 

Idle 

25.720 

St 

11.000 

MINDUR 

ldle 

19.800 

Eff 

51.255 

MAXFOL 

St 
No' 

10.000 

Eff 

48.290 

Idle 

19.800 

No. st 

9.000 

Idle 

19.800 

No. St 

9.000 



1) nis~r~macii~airrudsdsauuuu7"iuunniar~traaaan"a~u1a 22 aiu 

No. 

29 

30 

61v'u'1 a,idfA,df,,,) ~'T-KUQ~~~~IK~ 0.05 ~ i e i i n i t ~ ~ i l n t i ~ ~ i n m i ~ i ~ w u i i i r i i r v i i r i u  

2.69 qin$iu"isdinitdtcuaaunIriquCdTtLnTu Minitab V15 filUiTn~~fiiln4mi414 ANOVA l h i u  
i 

P l l t l 4 M  5.8 

J 1 
nplua: ~ue.rqinrii F ,  > f, ,,,,,,,, qtd jtns H, ~ u i i o d o ~ l ~ ? r n i n n i ~ n i t d t : : n ~ u i ~ ; i ~ ~ ~ u  

Cycle 

Time 

5.68 

5.56 
- 

6ivrYYrii f 
a.idf,.df, 1 n ' o : ~ u ~ f i i i ~ ~ ~  0.05 t d a i i n i ~ ~ ~ i l n ~ i ~ i n m ~ t i ~ n u i i i r i i ~ v i i r i u  

w 

2.69 ~ i n ~ u f 4 i i n i r d t ~ u ~ n u a I r i ~ 0 ~ d t ~ ~ n t ~  Minitab V15 f i i u i t r 1~ t~ i l n4m i t i 4  ANOVA Z B i m i r ~  

m l f l s i  5.9 

X 

d 

RPWT 

Eff 

38.460 

29.020 

48.19 

9.39 

MAXDUR 

Idle 

23.080 

27.320 

20.27 

3.71 

Eff 

25.310 

29.020 

41.51 

12.87 

No' St 

11.000 

12.000 

10.57 

0.94 

MINDUR 

Idle 

28.760 

27.320 

22.99 

4.87 

MAXFOL 

No' St 

12.000 

12.000 

10.97 

1.27 

No' St 

11.000 

11.000 

10.33 

1.12 

Eff 

40.400 

43.770 

52.28 

10.82 

Eff 

55.525 

29.020 

46.98 

10.26 

Idle 

23.080 

21.760 

19.09 

4.39 

Idle 

17.400 

27.320 

20.62 

3.92 

No. St 

10.000 

12.000 

10.57 

1.01 
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A. 41uauan12Iqiu 

fi1C153Ji1 fa , [dfA,dfw I d s z ~ u ~ u d i ~ ~  0.05 L ia i in i tL~ i l l o i i r inmi f iqwu i i i j i i Lv i in "~  
I, 

2.69 r i n ~ ? ; l i i n i s d ~ Z U ? a ~ a I j i ~ u ~ d ~ L L n ~ U  Minitab V15 ~ iU iTn~~~m~mi9 i ;1  ANOVA h b ~ i u  

misi;r$ 5.10 
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No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Cycle Time 

5.92 

5.33 

5.30 

5.49 

6.03 

6.1 3 

5.29 

5.60 

5.73 

5.34 

6.23 

5.57 

6.15 

5.46 

5.37 

5.37 

5.63 

5.39 

5.69 

5.47 

5.78 

5.73 

5.62 

5.65 

5.32 

6.24 

5.80 

RM, 

MAXDUR 

-14.785 

14.170 

13.700 

15.740 

0.000 

0.035 

14.345 

12.945 

12.940 

14.475 

-1.190 

15.675 

0.475 

15.655 

-1.115 

14.270 

0.000 

13.935 

16.315 

15.390 

-1.380 

0.000 

0.000 

16.200 

13.755 

0.000 

-14.485 

R M ,  

MlNDUR 

-16.330 

-0.285 

13.700 

0.000 

0.000 

-15.310 

0.000 

-1.915 

-2.870 

0.000 

-3.190 

-0.300 

-17.365 

0.000 

-0.290 

0.1 85 

0.000 

13.935 

-15.700 

0.880 

-1.380 

-13.31 0 

0.000 

-15.590 

0.185 

-1.195 

-14.485 

d ,  

R M ,  

MAXFOL 

-13.365 

12.405 

13.700 

-0.060 

16.610 

0.000 

2.285 

-3.220 

-0.930 

2.965 

-3.190 

-0.300 

1.685 

0.000 

15.110 

15.110 

3.130 

15.165 

0.000 

-12.645 

-1.380 

-0.060 

-13.755 

0.960 

0.000 

16.130 

-13.100 

(~J rcAn~n iw f l i on id~zn~~)  

MAXDUR, 

MINDUR 

-1.545 

-14.455 

0.000 

-15.740 

0.000 

-15.345 

-14.345 

-14.860 

-15.810 

-14.475 

-2.000 

-15.975 

-17.840 

-1 5.655 

0.825 

-14.085 

0.000 

0.000 

-32.015 

-14.510 

0.000 

-13.310 

0.000 

-31.790 

-13.570 

-1.195 

0.000 

MAXDUR . 
MAXFOL 

1.420 

-1.765 

0.000 

-15.800 

16.610 

-0.035 

-12.060 

-16.165 

-13.870 

-11.510 

-2.000 

-15.975 

1.210 

-15.655 

16.225 

0.840 

3.130 

1.230 

-16.315 

-28.035 

0.000 

-0.060 

-13.755 

-1 5.240 

-1 3.755 

16.130 

1.385 

MINDUR, 

MAXFOL 

2.965 

12.690 

0.000 

-0.060 

16.61 0 

15.310 

2.285 

-1.305 

1.940 

2.965 

0.000 

0.000 

19.050 

0.000 

15.400 

14.925 

3.130 

1.230 

15.700 

-13.525 

0.000 

13.250 

-13.755 

1 

17.325 

1.385 



NO. 

28 

29 

30 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Cycle 

Time 

5.59 

5.68 

5.56 
- 

d i  ( r l ~ ~ 8 n ' f n i w ~ i r r n i s t l ~ n ~ ~ )  

d 

Sd 

R M ,  

MAXDUR 

0.000 

13.150 

0.000 

6.67 

9.28 

Cycle 

Time 

5.92 

5.33 

5.30 

5.49 

6.03 

6.13 

5.29 

5.60 

5.73 

5.34 

6.23 

5.57 

6.15 

5.46 

5.37 

5.37 

5.63 

R M .  

MINDUR 

-15.425 

-1.940 

-14.750 

-4.09 

8.40 

R M .  

MAXDUR 

5.920 

-5.330 

-5.300 

-5.490 

0.000 

0.000 

-5.290 

-5.600 

-5.730 

-5.340 

0.000 

-5.570 

0.000 

-5.460 

-5.480 

-5.370 

0.000 

R M ,  

MAXFOL 

0.000 

-17.065 

0.000 

1.21 

9.40 

R M ,  

MINDUR 

5.920 

0.000 

-5.300 

0.000 

0.000 

6.130 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

6.150 

0.000 

0.000 

0.000 

0.000 

MAXDUR, 

MlNDUR 

-15.425 

-15.090 

-14.750 

-10.77 

9.1 3 

d ,  

R M ,  

MAXFOL 

5.920 

-5.330 

-5.300 

0.000 

-6.030 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-5.370 

-5.370 

0.000 

MAXDUR . 
MAXFOL 

0.000 

-30.21 5 

0.000 

-5.47 

11.72 

(L?RI~I\~\~IU) 

MAXDUR, 

MINDUR 

0.000 

5.330 

0.000 

5.490 

0.000 

6.130 

5.290 

5.600 

5.730 

5.340 

0.000 

5.570 

6.150 

5.460 

5.480 

5.370 

0.000 

MINDUR. 

MAXFOL 

15.425 

-15.125 

14.750 

5.30 

9.73 

MAXDUR , 

MAXFOL 

0.000 

0.000 

0.000 

5.490 

-6.030 

0.000 

5.290 

5.600 

5.730 

5.340 

0.000 

5.570 

0.000 

5.460 

0.1 10 

0.000 

0.000 

MINDUR, 

MAXFOL 

0.000 

-5.330 

0.000 

0.000 

-6.030 

-6.130 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-6.150 

0.000 

-5.370 

-5.370 

0.000 



H i :  Uo * A,-, 

No. 

18 

19 

20 

2 1 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Cycle 

Time 

5.39 

5.69 

5.47 

5.78 

5.73 

5.62 

5.65 

5.32 

6.24 

5.80 

5.59 

5.68 

5.56 
- 
d 

Sd 

R M ,  

MAXDUR 

-5.390 

-5.690 

-5.470 

0.000 

0.000 

0.000 

-5.650 

-5.320 

0.000 

5.800 

0.000 

-5.680 

0.000 

-2.71 

3.52 

R W ,  

MINDUR 

-5.390 

5.690 

0.000 

0.000 

5.730 

-6.000 

5.650 

0.000 

0.000 

5.800 

5.590 

0.000 

5.560 

1.18 

3.50 

d ,  

R w ,  

MAXFOL 

-5.390 

0.000 

5.470 

0.000 

0.000 

5.620 

0.000 

0.000 

-6.240 

5.800 

0.000 

5.680 

0.000 

-0.35 

3.61 

(L?~I~INIM) 

MAXDUR, 

MlNDUR 

0.000 

11.380 

5.470 

0.000 

5.730 

-6.000 

11.300 

5.320 

0.000 

0.000 

5.590 

5.680 

5.560 

3.90 

3.70 

MAXDUR . 
MAXFOL 

0.000 

5.690 

10.940 

0.000 

0.000 

5.620 

5.650 

5.320 

-6.240 

0.000 

0.000 

11.360 

0.000 

2.36 

MINDUR, 

MAXFOL 

0.000 

-5.690 

5.470 

0.000 

-5.730 

11.620 

-5.650 

0.000 

-6.240 

0.000 

-5.590 

5.680 

-5.560 

-1.54 

4.12 4.24 
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.JIM 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

Y I  
w 4 Y  

~ l l d 3 ~ ~ ~ 4 ~ 7 1 1 ~ 3 n 7  

cx 
5.010 

12.973 

2.830 

2.830 

7.830 

7.830 

4.830 

11.895 

13.843 

13.473 

35.243 

XI 

0.45 

1.28 

0.25 

0.25 

0.75 

0.75 

0.45 

1.15 

1.33 

1.33 

3.33 

0.501 

1.297 

0.283 

0.283 

0.783 

0.783 

0.483 

1.190 

1.384 

1.347 

3.524 

X2 

0.46 

1.32 

0.26 

0.26 

0.76 

0.76 

0.46 

1.20 

1.34 

1.37 

3.39 

X3 

0.51 

1.30 

0.31 

0.31 

0.81 

0.81 

0.51 

1.10 

1.39 

1.35 

3.83 

cX2 
201.102 

202.854 

200.623 

200.623 

201.723 

201.723 

201.063 

202.617-0.083 

203.046 

202.964 

207.754 

X4 

0.65 

1.68 

0.27 

0.27 

0.77 

0.77 

0.47 

1.08 

1.53 

1.73 

4.23 

Stdev 

0.072 

0.168 

0.050 

0.050 

0.050 

0.050 

0.050 

0.072 

0.168 

0.314 

X5 

0.55 

1.26 

0.35 

0.35 

0.85 

0.85 

0.55 

1.19 

1.43 

1.31 

3.13 

Real 

ACC 

8 

8 

10 

10 

4 

4 

6 

4 

3 

7 

5 

X6 

0.43 

1.26 

0.23 

0.23 

0.73 

0.73 

0.43 

1.35 

1.31 

1.31 

3.63 

13al 

d o  

0.10 

0.26 

0.06 

0.06 

0.16 

0.16 

0.10 

0.24 

0.28 

0.27 

0.70 

X7 

0.40 

0.98 

0.20 

0.20 

0.70 

0.70 

0.40 

1.25 

1.28 

1.03 

3.43 

L3aI 

UIGI~~IU 

0.60 

1.56 

0.34 

0.34 

0.94 

0.94 

0.58 

1.43 

1.66 

1.62 

4.23 

X8 

0.51 

1.24 

0.31 

0.31 

0.81 

0.81 

0.51 

1.20 

1.39 

1.29 

3.29 

X9 

0.50 

1.29 

0.30 

0.30 

0.80 

0.80 

0.50 

1.26 

1.38 

1.34 

3.53 

XI0 

0.55 

1.33 

0.35 

0.35 

0.85 

0.85 

0.55 

1.12 

1.43 

1.38 

3.42 
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cx 
49.320 

5.330 

60.200 

39.728 

8.843 

12.640 

12.640 

12.830 

12.640 

12.640 

X1 

5.00 

0.50 

5.50 

1.12 

3.93 

0.83 

1.25 

1.25 

1.25 

1.25 

1.25 

y 

4.932 

0.533 

6.020 

15.1371.514203.330 

3.973 

0.884 

1.264 

1.264 

1.283 

1.264 

1.264 

X2 

5.06 

0.51 

6.00 

1.42 

3.98 

0.84 

1.29 

1.29 

1.26 

1.29 

1.29 

cX2 
210.850 

201.173 

213.244 

208.740 

201.946 

202.781 

202.781 

202.823 

202.781 

202.781 

X3 

5.46 

0.56 

6.50 

1.82 

3.88 

0.89 

1.27 

1.27 

1.31 

1.27 

1.27 

Stdev 

0.328 

0.050 

0.605 

0.186 

0.083 

0.072 

0.168 

0.168 

0.050 

0.168 

0.168 

X4 

4.50 

0.52 

6.40 

1.62 

3.86 

1.03 

1.65 

1.65 

1.27 

1.65 

1.65 

Real 

ACC 

4 

5 
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7 

1 

5 

8 

8 

2 

8 

8 

X5 

4.60 

0.60 

5.90 

1.64 

3.97 

0.93 

1.23 

1.23 

1.35 

1.23 

1.23 

I 

d o  

0.99 

0.11 

1.20 

0.30 

0.79 

0.18 

0.25 

0.25 

0.26 

0.25 

0.25 

X6 

5.30 

0.48 

6.40 

1.40 

4.13 

0.81 

1.23 

1.23 

1.23 

1.23 

1.23 

LqBI 

u is l rg iu  

5.92 

0.64 

7.22 

1.82 

4.77 

1.06 

1.52 

1.52 

1 

1.52 

1.52 

X7 

4.90 

0.45 

4.60 

1.48 

4.03 

0.78 

0.95 

0.95 

1.20 

0.95 

0.95 

X8 

4.60 

0.56 

5.90 

1.52 

3.98 

0.89 

1.21 

1.21 

1.31 

1.21 

1.21 

X9 

4.70 

0.55 

6.50 

1.53 

4.04 

0.88 

1.26 

1.26 

1.30 

1.26 

1.26 

XI0 

5.20 

0.60 

6.50 

1.62 

3.90 

0.93 

1.30 

1.30 

1.35 

1.30 

1.30 
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E x  

97.470 

3.663 

14.677 

70.140 

8.663 

5.330 

4.497 

46.867 

25.637 

17.895 

15.510 

' 

X1 

9.35 

0.33 

1.42 

7.00 

0.83 

0.50 

0.42 

4.17 

2.17 

1.75 

1.50 

9.747 

0.366 

1.468 

7.014 

0.866 

0.533 

0.450 

4.687 

2.564 

1.790 

1.551 

X2 

9.65 

0.34 

1.43 

7.04 

0.84 

0.51 

0.43 

4.67 

2.47 

1.80 

1.51 

cX2 
221.443 

200.806 

203.229 

215.431 

201.906 

201.173 

200.989 

210.311 

205.640 

203.937 

203.412 

X3 

10.05 

0.39 

1.48 

7.02 

0.89 

0.56 

0.48 

5.17 

2.87 

1.70 

1.56 

Stdev 

0.186 

0.050 

0.072 

0.168 

0.050 

0.050 

0.050 

0.605 

0.186 

0.083 

0.072 

X4 

9.85 

0.35 

1.62 

7.40 

0.85 

0.52 

0.44 

5.07 

2.67 

1.68 

1.70 

Real 

ACC 

1 

8 

3 

1 

3 

5 

6 

7 

4 

3 

3 

X5 

9.87 

0.43 

1.52 

6.98 

0.93 

0.60 

0.52 

4.57 

2.69 

1.79 

1.60 

I 

d Lwa 

1.95 

0.07 

0.29 

1.40 

0.17 

0.11 

0.09 

0.94 

0.51 

0.36 

0.31 

X6 

9.63 

0.31 

1.40 

6.98 

0.81 

0.48 

0.40 

5.07 

2.45 

1.95 

1.48 

~ a a i  

U I~~~T~IM 

11.70 

0.44 

1.76 

8.42 

1.04 

0.64 

0.54 

5.62 

3.08 

2.15 

1.86 

X7 

9.71 

0.28 

1.37 

6.70 

0.78 

0.45 

0.37 

3.27 

2.53 

1.85 

1.45 

X8 

9.75 

0.39 

1.48 

6.96 

0.89 

0.56 

0.48 

4.57 

2.57 

1.80 

1.56 

X9 

9.76 

0.38 

1.47 

7.01 

0.88 

0.55 

0.47 

5.17 

2.58 

1.86 

1.55 

XI0 

9.85 

0.43 

1.52 

7.05 

0.93 

0.60 

0.52 

5.17 

2.67 

1.72 

1.60 



2 

QIM 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

% 

Stdev 

0.050 

0.050 

0.050 

0.234 

0.605 

0.186 

0.083 

0.072 

0.050 

0.314 

0.328 

Y t  
V d W  

I°IM?MANYII'U~?~~I 

E x  

8.163 

8.163 

8.830 

16.767 

55.200 

48.137 

44.562 

7.177 

8.663 

25.243 

40.153 

Real 

ACC 

4 

4 

3 

8 

6 

2 

1 

6 

3 

7 

5 

XI 

0.78 

0.78 

0.85 

1.67 

5.00 

4.42 

4.42 

0.67 

0.83 

2.33 

4.08 

- 
X 

0.816 

0.816 

0.883 

1.677 

5.520 

4.814 

4.456 

0.718 

0.866 

2.524 

4.015 

X2 

0.79 

0.79 

0.86 

1.47 

5.50 

4.72 

4.47 

0.68 

0.84 

2.39 

4.14 

L?@1 

$0 

0.16 

0.16 

0.18 

0.34 

1.10 

0.96 

0.89 

0.14 

0.17 

0.50 

0.80 

xX2 
201.796 

201.796 

201.943 

203.689 

212.144 

210.590 

209.804 

201.579 

201.906 

205.554 

208.834 

X3 

0.84 

0.84 

0.91 

1.37 

6.00 

5.12 

4.37 

0.73 

0.89 

2.83 

4.54 

LWI 

UlolOglU 

0.98 

0.98 

1.06 

2.01 

6.62 

5.78 

5.35 

0.86 

1.04 

3.03 

4.82 

X5 

0.88 

0.88 

0.95 

1.87 

5.40 

4.94 

4.46 

0.77 

0.93 

2.13 

3.68 

X4 

0.80 

0.80 

0.87 

1.27 

5.90 

4.92 

4.34 

0.87 

0.85 

3.23 

3.58 

X6 

0.76 

0.76 

0.83 

1.77 

5.90 

4.70 

4.62 

0.65 

0.81 

2.63 

4.38 

X7 

0.73 

0.73 

0.80 

1.82 

4.10 

4.78 

4.52 

0.62 

0.78 

2.43 

3.98 

X8 

0.84 

0.84 

0.91 

1.72 

5.40 

4.82 

4.47 

0.73 

0.89 

2.29 

3.68 

X9 

0.83 

0.83 

0.90 

1.97 

6.00 

4.83 

4.53 

0.72 

0.88 

2.53 

3.78 

X10 

0.88 

0.88 

0.95 

1.87 

6.00 

4.92 

4.39 

0.77 

0.93 

2.42 

4.28 



4126 

111 

112 

113 

114 

115 

116 

117 

118 

119 
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121 
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C x  

30.100 

6.497 

6.497 

3.663 

3.663 

4.830 

4.830 

6.163 

23.433 

23.433 

33.970 

XI 

3.00 

0.62 

0.62 

0.33 

0.33 

0.45 

0.45 

0.58 

2.33 

2.33 

3.00 

- 
x 

3.010 

0.650 

0.650 

0.366 

0.366 

0.483 

0.483 

0.616 

2.343 

2.343 

3.397 

X2 

2.80 

0.63 

0.63 

0.34 

0.34 

0.46 

0.46 

0.59 

2.13 

2.13 

3.30 

zx2 
206.622 

201.429 

201.429 

200.806 

200.806 

201.063 

201.063 

201.356 

205.155 

205.155 

207.473 

X3 

2.70 

0.68 

0.68 

0.39 

0.39 

0.51 

0.51 

0.64 

2.03 

2.03 

3.70 

Stdev 

0.234 

0.050 

0.050 

0.050 

0.050 

0.050 

0.050 

0.050 

0.234 

0.234 

0.186 

X4 

2.60 

0.64 

0.64 

0.35 

0.35 

0.47 

0.47 

0.60 

1.93 

1.93 

3.50 

Real 

Acc 

5 

4 

4 

8 

8 

6 

6 

5 

6 

6 

3 

X5 

3.20 

0.72 

0.72 

0.43 

0.43 

0.55 

0.55 

0.68 

2.53 

2.53 

3.52 

1Qal 

i 
L w f l  

0.60 

0.13 

0.1 3 

0.07 

0.07 

0.10 

0.10 

0.12 

0.47 

0.47 

0.68 

X6 

3.10 

0.60 

0.60 

0.31 

0.31 

0.43 

0.43 

0.56 

2.43 

2.43 

3.28 

~ a a l  

~ l D 1 S ~ l 2 6  

3.61 

0.78 

0.78 

0.44 

0.44 

0.58 

0.58 

0.74 

2.81 

2.81 

4.08 

X7 

3.15 

0.57 

0.57 

0.28 

0.28 

0.40 

0.40 

0.53 

2.48 

2.48 

3.36 

X8 

3.05 

0.68 

0.68 

0.39 

0.39 

0.51 

0.51 

0.64 

2.38 

2.38 

3.40 

X9 

3.30 

0.67 

0.67 

0.38 

0.38 

0.50 

0.50 

0.63 

2.63 

2.63 

3.41 

XI0 

3.20 

0.72 

0.72 

0.43 

0.43 

0.55 

0.55 

0.68 

2.53 

2.53 

3.50 



Stdev 

0.083 

0.072 

0.168 

0.314 

0.050 

0.050 

0.050 

0.050 

0.050 

0.072 

0.050 

Cx2 

212.737 

203.596 

204.064 

204.270 

203.923 

201.356 

201.906 

200.989 

200.806 

201.212 

201.063 

47U 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

Real 

ACC 

1 

3 

5 

9 

2 

5 

3 

6 

8 

8 

6 

v 

'~.IUIUA%#TUL~~I I 

d 
LWQ 

1.16 

0.33 

0.37 

0.39 

0.36 

0.12 

0.17 

0.09 

0.07 

0.11 

0.10 

Cx 

57.895 

16.343 

18.473 

19.410 

17.830 

6.163 

8.663 

4.497 

3.663 

5.510 

4.830 

L3aI 

~ 1 1 i l 3 ~ 1 ~  

6.95 

1.96 

2.22 

2.33 

2.14 

0.74 

1.04 

0.54 

0.44 

0.66 

0.58 

- X 

5.790 

1.634 

1.847 

1.941 

1.783 

0.616 

0.866 

0.450 

0.366 

0.551 

0.483 

XI 

5.75 

1.58 

1.83 

1.75 

1.75 

0.58 

0.83 

0.42 

0.33 

0.50 

0.45 

X7 

5.85 

1.53 

1.53 

1.85 

1.70 

0.53 

0.78 

0.37 

0.28 

0.45 

0.40 

X2 

5.80 

1.59 

1.87 

1.81 

1.76 

0.59 

0.84 

0.43 

0.34 

0.51 

0.46 

X8 

5.80 

1.64 

1.79 

1.71 

1.81 

0.64 

0.89 

0.48 

0.39 

0.56 

0.51 

X3 

5.70 

1.64 

1.85 

2.25 

1.81 

0.64 

0.89 

0.48 

0.39 

0.56 

0.51 

X9 

5.86 

1.63 

1.84 

1.95 

1.80 

0.63 

0.88 

0.47 

0.38 

0.55 

0.50 

X4 

5.68 

1.78 

2.23 

2.65 

1.77 

0.60 

0.85 

0.44 

0.35 

0.70 

0.47 

X10 

5.72 

1.68 

1.88 

1.84 

1.85 

0.68 

0.93 

0.52 

0.43 

0.60 

0.55 

X5 

5.79 

1.68 

1.81 

1.55 

1.85 

0.68 

0.93 

0.52 

0.43 

0.60 

0.55 

X6 
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2.77 

0.72 
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