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The production line design aims to determine the production line that meets
the owner’s objectives and limitations which make production lines vary among
factories. The production lines are typically determined by experts because the
common method for design is trial and error method which based on designed line’s
assessment result and designer decision on how to adjust the line if the old one cannot
meet the objectives and limitation. However, this method causes high expense, long
designing time, and require expert designer which has a small amount. In each
production line evaluation, it necessary to use complete and accurate assessment.
From previous literatures, many research have proposed the performance assessment
method into 4 aspects. Therefore, this research aims to present new production line
design and improvement method for both newly designed and existing line which is
fast, easy to implement and not require an expert designer. This method will help in
reducing the design cost for the owner. The presented method will divide into two
parts 1.) aims to find the initial solution by using optimization principle and best fitting
allocation algorithm, and 2.) to improve the initial solution by using neighborhood
search method which its solution can be found through the presented modules. In
addition, this paper also aims to collect performance indicators for all four aspects
along with the methodology for measurement or calculation for each of indicator that
represent the value of each indicator and make them comparable which makes

assessor or designer assess the production line performance accurately and precisely.
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AATIZRINNTIUTHULTBU (Empirical analysis) 7Nau8s823afniuazAaInLAdouaIN
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(non-polynomial hard problem : NP-hard problem) (Garey and Johnson, 1979) e
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a1unsaraulaegmainviats wulusuvesnudanguianuidy (Jain et al,, 2013)
nsszyitluszuunmssdaiuasashnstssdudiuanudenguludalathady A

=l 1

EANEUYDINITVLILTLUY ANEANEUTINISUNARSuavdali nTeauEangures
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(Bentaha et al., 2015) 13uAuaNNNITRALUUNEIAAINUABINSALULDY (Deterministic
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programming) @eilinidelusfnuinuielavitnisiauIsn1suiAneuau (Aiello et al.,
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4.1.1. N15LABNNINEINS
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4.1.2. N1SANATINSNYINS
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4.1.3. MIIANGUNTNYINT
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4.1.4. MSIENLEUNIINITHAALAZAISUINEIENITHER
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4.2. AIVINFNTIOUTHIUNITHAR
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2. 9A5IN15HANABYIN (Bottleneck rate)

Hopp and Spearman (201 1), Papadopoulos et al. (2009), Russell and Il

(%
J v (Y

(2011), Ciufudean et al. (2006) sxyinfdinifigauszasdiiiofiansuninly

v ¥
£ a 1 a v 6 =2

A18n1SHARNULARN “ABY7IA (Bottleneck)” vadumazNandundunusiialaly

AeNINER FTRIINTHER a0 USmevInasgniseninludnsinsndnnevin lae

v '
! v A v a = o L

dnsnswanasvanduaiiimunitluaenisuantuiidnsnisnangsigndmsu

q

1% I
[ & o Y

NANAIUY ¢ W71l

[J

WNIABYINYBIUARZHER S UTIENTRRE U AR
$#398U1NNI1 1 AILUUIIUAIENSHER LBI9INERIINISHANEINSULABENAN AU

2 ] i A o
'Vﬁ@LL@@%ﬂi%U'}UﬂqﬁE@ﬂJNWWWLLG\ﬂGﬂ\‘iﬂu@@ﬂlU

NNNANUIVAY A1VBIAITIATFIUITDNLAINNITRAITUINSWEINT N

[ 7
[ o

SnsnIsHAnd SRS ety o sl galuanen1sngn wialmnudnduaiaiunse

ilalurainraneaignisuangauilonsinisndnnevinraten vl a Laaile 9
NANAUNAINANTTNTINITADVINAD HATINVDIOANTINITHNANADUIN VDINARNH QU LU

LAALANYNITNAR

3. s2ea1UNluNISNEn (Production lead time)

| Y

Hopp and Spearman (2011) 58y T IAlHAUsaeAluNITAANTUINT DY

MsHanNARTaiLsazyila Tunsdlil %umuawdwmzmumiéfaﬂﬁﬁnmﬁaaﬁqm

1 v

wihlauielnannansusinus1uiudisvuals Seridniafisgeunansliiuii
NARSUINFINA1IANNITONENDBNU LA B81992AL57 Fannszezinattlunisnanveg
NARAUNLAIAT gauyililunsaNilaudssnIsuanuieanfainliagaiunsa

ARUAUDILA I USZEZIANDUAY

4.2.2. fuaugandy (Flexibility)

o

aussauraruaudangulddiniviinitarenisudngneenwuulviinis

WasukUaIn15annstaviieala d1nsusessuiiainnuwlsusiursanisiasuwlasued



aq

anuNselinnIEnuReaunIsHaniunIMaIansally Ineasrinnisussuluaeundyy

TowA

1. AnuavguvaLduNINISKHEn (Routing flexibility)

[ (%
% [

Jain et al. (2013), Papadopoulos et al. (2009) sey1@aainilazyinn1siasan

]

[
Y [

MULABZHAN AU EONAEUNIINITHES LY TatlALIN YU DULARI LAY

=.

Jvnifiaman1sainvilinswensifinnisveinuseiinainuideniy wdndo

¥ [
v v

ANUN50YNNSHAA LA LAEYININSLUASULAUNIINISHAR 1AgN1STIRRT3 nTazafe

v PN

ToyaliiuFnAeANnTUY (Stock point) Feuansegluguit 4-6 lnglugaiinduau

Y

Hudievinisldnuaienisndndse ainduaudnanevssgnldenuiiedurunu
5¥11919NTEVIUNTT 18R SP UULNUTANNTUIIUKALTIN1TT8YANNTUIIUTLY
dnuazrad XYY 1ng X Wusdanandadiiag YY Wiuvingiaueanssuiun1sgy

P~ o & a [y L3 A o a N g & 1%
AO1 ﬂaﬁ!ﬂWﬂ%UQﬂu%SQNamﬂm% A NMNMINTNANNTEUIUNTITN 1 LAFIAAULLAD I@EJ“Q@

(%
[

AnFunuariiondnvalfotJuvesliunudnvagiienvini dsdumnuandueinis 9

nanvangnszuIUNSEaNANTUNUIANLINTY

2. ANUBANGUVBINTEUIUNTT (Process flexibility)

Jain et al. (2013), Papadopoulos et al. (2009), Russell and Il (2011) 58y

Mt intiigauseasAiioUseiludnagnsndnanunsandnuandueitansouiugian
yv = ! o yo./

A a = o A ~ A | ' a o A & ° &
Avila FelusTtntaziliiesmisanluldazssuunisuan 1aesdinilaiu1savinnist
Talalagendeisnisaeaiauazgn (Trial and error) WoyN1sAAITANIIAITHENLYY

lavelanansandanandadilanainnaiesinlusdazgiswiaiuiniign



a5

MC 1.1 gninassli
- !
NAANTZUIUNTST Al

MC 1.2 gnanassli MC 2.1 gnamassti | [

WNANNSZUIUNS B1 N3%UUNT A2, B2, C2

MC 1.3 gninassiv MC 2.1 gninassiv

WANNIZUIUMST B1 | | n3zUIUMs A2,B2,C2 | | _____ 5
MC 3.1 gninassli
NAANTZUUNIT C1
MC 3.2 gninass v S MC 2.3 gninassii

N g e i
WanANszUIUMS C1 n52UIUNS C2

=] @ ' v a v
3UN 4-6 129819ANNEUAD

4.2.3. aruanula (Agility)

vnsuselunanensuandinnsanevauasranisitdsuudadialuieda Tneay

MM TUUAIUVBINISUSUABUNAAN U 1158NNSUSULUASUBNUNISHAR

1. anulalumsiBeunszuaunis (Process changing agility)

(%
Y (Y o a 1

Tsourveloudis et al. (1999) seyigialivinnisiatsandinluisasningins

£ANUNTOUAYUNTZUIUNTEAUINLBELABALA LWUN1SUAEUINNNTEUIUNIS AOT T

[ [
Y [ [ 1

BO1 uaznauludy A01 9zt ANNISIUABUNSEUIUATSTINEY 3 AST FIAIRINE1IRE

[

fanudgeiumaluaienisudntdy q IMansuanauviogs

2. amallalunsiudeunaunisudn (Plan changing agility)

% (% s A

Tsourveloudis et al. (1999) syyindiaintilignuseasAiiioninisuselivinluy

9

' [
a ao w U

A8NTHARNARINNTUNRE T WINYINISUTULUABULNUNITHER 3T Uuderinnig
VLN UATULDUNIN FIAMUFULDUTUAIUITARNTUN AN UIUAILAUINA D99

nsinaula lngweiidnuiugandevinisdedulaiiuuntugeniansisanududou

(%
[y

Yosaen1INanilaAgeu lagTinstinanulilavendevdnuuifinvesgainiusmy

v [

LWULAEIAUAITTAAUEANEUYDLHUNINITHER WoIIN15TRAududoUY DY

AN8NISHARLIUNU



a6

4.2.4. UANUNUNIY (Robustness)
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5.2.2. Im@ammﬁs‘lmﬂmiwaﬂ (Line splitting module)
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5.2.3. Im@amﬁﬂna:uamﬁmu (Workstation grouping module)
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5.3.2. A5N15TIANTIN
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3. auadll (Agility)

3.1. aralalumsiUasunszuaunis (Process changing agility)
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. L. Aade (%) 66.67|59.65(66.67| -
VMAVUANSANUN [
ANLUBUUINAS§IU (%) | 0.00 1 0.00| 0.00 | -
. - y ALode (%) 87.29/59.65(66.67|66.67
NMAIMINENAIVRD
AMLUBIUUINASEIU (%) | 0.00 | 0.00 | 0.00 | 0.00
QIUUNTTUIUNS o TN ALafe (%) 66.67|59.65/66.67| -
NINYINT ﬁ"u,fiﬁaswmmgﬂu(%) 0.00{0.00|0.00| -
st FTUILVLOVDINAN AU Anaiae (%) 98.00|59.65|50.89| -
(Flowshop) dovilavinenns  |Anudseuinasgu (%)[0.00{0.00{0.00| -
o« Ftade (%) 66.67/59.65/66.67| -
sTgzIMMIBUNY
AMLULRUUINASEIU (%) | 0.00 | 0.00| 0.00 | -
TUAIMTNEINT U FLade (%) 66.67|59.65/66.67|66.67
AUMINEN ﬂ'mﬁemwmmg'm(%) 0.00{0.00{0.00|0.00
. o a1 ALRde (%) 66.67/59.65/66.67| -
DATVAIUNANIUN —
ALUBIEUUINASETU (%) | 0.00 [ 0.00 (0.00| -

=] ' = oA ° A o [y = o '
M990 6-8 ANLRAYLLAZATILU UQLuuuqﬂigqusllaQﬂqﬁaULNE]‘Vl"Iﬂ']iUTU WagUIEAUVaILAAY

w1dwasvasaemsuanguuuuliidaiiio

- e ol sTAuvaINIdines
sULUUENIMSHER WIHRDIN
1 2 3 4
: m e Atade (%) 75.00[75.00/75.00| -
MUIVLUANENUN  ——;
ALUBSRIUINASETU (%) | 0.00 [ 0.00 | 0.00 | -
. - - AR (%) 75.00[75.00(75.00/75.00
NAIMINARASED ——
ANLUBAUUINASEIU (%) | 0.00 | 0.00 | 0.00 | 0.00
RIUIUNTSUIUNS DTN FLade (%) 75.00(75.00[75.00, -
nineny csi%f'iamwmmgﬁu(%) 0.00(0.00|0.00| -
Taidtarilog FTinvaIHENS A Atade (%) 75.0075.0075.00 -
(Job shop) dovilaviwenns ﬂ'%ﬁmgwmmgm(%) 0.00{0.00/0.00| -
e Anwede (%) 75.00[75.00[75.00| -
sTezIMMTUTURNY ——
AMLUBUUINATEIU (%) | 0.00| 0.00( 0.00 | -
I umInennsluy Aafe (%) 75.00/75.0075.00(75.00
A1UMIHER ﬁﬁLﬁaamemsgﬁu(%) 0.00{0.00|0.00|0.00
R . FAade (%) 75.00(75.00(75.00] -
INFIFMMEAIUN
AMLUBIUUINATEIU (%) | 0.00| 0.00 0.00 | -
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M13197 6-9 ALRRELAZALTEIULINATIIUYRIARBULIRINNSUSUWABUSE AUV ILAAE

W19ANDTVDITINITHEAFULUULYAR

" o sTAUYRINIERDT
SULUUANEMSHER WSADIVI
1 2 3 4
. . Aade (%) 75.00[73.5375.00 -
IMIUVUANEANMNA
ALUBILUUINASEU (%) | 0.00 ( 0.00 [ 0.00 | -
e ALade (%) 75.0073.5372.87(75.00
MMAIMIHEIAIVAD
ALUBUUINASETU (%) | 0.00 | 0.00 ( 0.00 | 0.00
RIUAUNTTUIUNS o uTln FLade (%) 75.0073.5375.00| -
nineNy ﬂ"\lﬁmt,wmmgﬂu(%) 0.00{0.000.00| -
Luas UYL VDINENA N Aafe (%) 75.00{75.00{75.00| -
(Cellular) dovilavinenns  |Andeauusnasgu (%)[0.00 | 0.00{0.00| -
i ALede (%) 75.00[73.5374.51 -
sTezrmMTUsuRY
ALUUIUINASEIU (%) | 0.00| 0.00 | 0.00 | -
FTUAIMINENT LU Fode (%) 73.4773.53/75.00{75.00
ANUMINEN Andesuusnasgu (%) 0.00 | 0.00 | 0.00 | 0.00
. L. ALafe (%) 75.0073.5375.00 -
InTIFINAAIUN
ALUBILUUINASEU (%) | 0.00 ( 0.00 (0.00 | -

=] ' = oA o a o o = o '
137190 6-10 ﬂ']LQﬂEJLLﬁ%ﬂ']L‘UfNLUUNﬁﬂ?gqu‘lJaQﬂ"lﬂaULﬁJaVl']ﬂ']iUﬁULﬂaEJU§$ﬂ°U°Ua\3LLﬂ

azwIsEinesvRsEIEn1IHARgULUUEAEY

- gl STAUTINIEinDT
FULUUANEMIHER WIHRNDIN
1 2 3 4
. e . ALade (%) 66.67/79.01/83.33 -
MUIUVLANEINUN  ——
ALUBIUUINATFIU (%) | 0.00 | 0.00| 0.00 | -
. - w ALade (%) 76.98(79.01(73.10/83.33
MMAIMSHARAIITD  ——
ALUBILULINATFIU (%) | 0.00 | 0.00 | 0.00 | 0.00
R IUIUNTTUIUNSFRYN Fitade (%) 83.3379.01/83.33 -
NINeINg AdeauuINasgu (%) [ 0.000.00(0.00| -
Savieiu UTAvDIREN U Aady (%) 76.10/79.0183.33 -
(Flexible) dovilavinenns  |Audssuanasgu (%)]0.00[0.00]0.00] -
o ALade (%) 78.1079.01(76.98 -
sTgzaNTiuaY ——
ALULIUUINATFIU (%) | 0.00 | 0.00| 0.00 | -
Tuminennslu ALade (%) 83.3379.01(83.3366.67
A1UMINER AdeauuINasgu (%) [ 0.00|0.00 | 0.00| 0.00
. oy ALae (%) 67.11/79.01[73.21 -
DNTIFILNANAUN —
ANLUBIUUINASEIU (%) | 0.00 | 0.00 0.00 | -
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M157991 6-11 ALRAELATANLUEIUUNINTFIUVRIAIABULLBIINNTTUSUWREUTE AUV

AazWI53MasVsEIEN1TNANULULUNILY

9 _ STAVYRINILILADS
SULUUAEMSHER L ERFLET]
N 1 2 3 4
. AR (%)  [62.5084.2662.50] -
MUVLANEIANA [
ALUBIUUINASETU (%) | 0.00 [ 0.00{ 0.00 | -
e Aade (%) 82.7384.2661.44/75.00
AAIMINARAIED
ANUBULINASZU (%) | 0.00 | 0.00 | 0.00 | 0.00
R UAUNS S UIUNIS sTIo VLR Aady (%) 75.0084.26/75.00| -
nIneNy Andsauuanasgiu (%)| 0.00{ 0.00{ 0.00| -
iU AUV LAVDINENA A Ande (%) 87.50[84.26/70.84| -
(Non-specify) favilaninenns mtﬁauwmmgwu(%) 0.00(0.00(0.00| -
P ALade (%) 62.50[84.2670.23 -
sTEzANEUTUNY
ALULIUUINATETU (%) | 0.00 [ 0.00{ 0.00 | -
FUIAMINENNT LU ALafe (%) 55.48/84.26/75.00/62.50
ANUMIHER ﬁ'%ﬁauwmmgm(%) 0.000.000.00 {0.00
" o ove Aady (%) 61.9984.2652.3¢ -
DNINHIHANNUN

Andisauuanasgiu (%)| 0.00{ 0.00{0.00| -

6.3.3. Useansninvasmnaunbasuaingasann

Tup19199 6-12 §391919% 6-18 Lanstsmaanslaannismageudasainlutym

a = o A al' a ::i o °
JULUUT 1 Gt 17 Asiuandlunisnainngei 6-2 uag an3199 6-3 lagymsuansdney
AV Yvo A ~No & aa ° | 1 .. = g v
lasuainnsalag o 3 nsdiaeil 1.) 3n1InIAIneUsL19d1Y (Naive method) @314
BNIAA1EARIAUITNITAIRBUENAU 2.) 893aRn (Heuristic) uaz 3.) Auaunsaly

N15USUUTIAReUYRIETaRnIINAMaUENAY (Improvement)
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A13199 6-12 naawsannsnagaululynidig ¢ wWaviin1susunindimasinuiusia

NARA U
FUIVLANENAA
ANWUAUFNYMINER IBmsvinmaau 2 a 6 ALafY
, Naive 33:33 50.89 66.67 50.30
Tviapinu
Heuristic 66.67 59.65 66.67 64.33
(Flow shop)
Improvement 33.33 8.77 0.00 14.03
o Naive 60.00 25.00 25.00 36.67
Laistorios
Heuristic 75.00 75.00 75.00 75.00
(Job shop)
Improvement 15.00 50.00 50.00 38.33
z Naive 50.00 32.56 50.00 44.19
Lyaa
Heuristic 75.00 73.53 75.00 74.51
(Cellular)
Improvement 25.00 40.97 25.00 30.32
“ , Naive 50.00 25.03 31.49 35.51
YL
3 Heuristic 66.67 79.01 83.33 76.34
(Flexible)
Improvement 16.67 53.98 51.84 40.83
° Naive 37.50 31.27 50.00 39.59
U
Heuristic 62.50 84.26 62.50 69.75
(Non-specify)
Improvement 25.00 52.99 12.50 30.16

M15197 6-13 waawsannrsnagdauludenisnn 9 Wieviin1suTunismidinesiideinisuan

=1
AdLYiAD
ANasMsHAnAYED (%)
ANWUAZAMEMSHNERN| ISNsMnaU 20 30 40 50 ALafY
) Naive 40.71 50.89 66.67 38.74 49.25
Tviapinu
Heuristic 87.29 59.65 66.67 66.67 70.07
(Flow shop)
Improvement 46.58 8.77 0.00 27.93 20.82
oA Naive 25.00 25.00 25.00 25.00 25.00
Laisioiis —
Heuristic 75.00 75.00 75.00 75.00 75.00
(Job shop)
Improvement 50.00 50.00 50.00 50.00 50.00
2 Naive 50.00 32.56 50.00 29.05 40.40
LURA
Heuristic 75.00 73.53 72.87 75.00 74.10
(Cellular)
Improvement 25.00 40.97 22.87 45.95 33.70
2 , Naive 34.60 25.03 33.33 21.82 28.70
YA
) Heuristic 76.98 79.01 73.10 83.33 78.11
(Flexible)
Improvement 42.38 53.98 39.77 61.52 49.41
4 1y Naive 28.72 31.27 50.00 28.86 34.71
I
Heuristic 82.73 84.26 61.44 75.00 75.86
(Non-specify)
Improvement 54.02 52.99 11.44 46.14 41.15




M13199 6-14 waawsannsnagauludenieng ¢ wWevinn1susunsiimasinulu

n3ZUUNSHRTLANINEINT

FTUIUNTZUILNTFRIUANT NN

ANUUZFNYMINER F8msvnmaau 1 3 5 ALfY
y Naive 66.67 50.89 66.67 61.41
Tviapinu
Heuristic 66.67 59.65 66.67 64.33
(Flow shop)
Improvement 0.00 8.77 0.00 2.92
. Naive 50.00 25.00 50.00 41.67
Luistoiios —
Heuristic 75.00 75.00 75.00 75.00
(Job shop)
Improvement 0.00 8.77 0.00 2.92
i Naive 50.00 32.56 50.00 44.19
LURA
Heuristic 75.00 73.53 75.00 74.51
(Cellular)
Improvement 25.00 40.97 25.00 30.32
- . Naive 66.67 25.03 66.67 52.79
1312} %130
: Heuristic 83.33 79.01 83.33 81.89
(Flexible)
Improvement 16.67 53.98 16.67 29.11
I Naive 62.50 31.27 62.50 52.09
Ml
Heuristic 75.00 84.26 75.00 78.09
(Non-specify)
Improvement 12.50 52.99 12.50 26.00
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A137199 6-15 naawsannsnagaululyniaig ¢ wWeviin1susunindimasinuiusia

YDINANN UINABIUANSNEING

UL VDINANN M HRVLANTNENNS

ANUUTNYMINEN IBmsvnmaau 1 2 3 ARy
! Naive 57.78 50.89 50.89 53.19
Tviapinu
Heuristic 98.00 59.65 50.89 69.51
(Flow shop)
Improvement 40.22 8.77 0.00 16.33
v A Naive 25.00 25.00 50.00 33.33
Liistaiiis —
Heuristic 75.00 75.00 75.00 75.00
(Job shop)
Improvement 50.00 50.00 25.00 41.67
p Naive 32.56 32.56 32.56 32.56
LUaa
Heuristic 75.00 75.00 75.00 75.00
(Cellular)
Improvement 42.44 40.97 42.44 41.95
i Naive 24.62 25.03 29.08 26.24
YAngU
: Heuristic 76.10 79.01 83.33 79.48
(Flexible)
Improvement 51.48 53.98 54.25 53.24
5 Naive 35.20 31.27 58.34 41.60
21U
Heuristic 87.50 84.26 70.84 80.87
(Non-specify)
Improvement 52.30 52.99 12.50 39.26
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M13799 6-16 waawsannsnadauludgunisng 9 Werinisusunslmesszesiainis

[

v
[

Usung
F2EZIMNTUSUNS (%)
ANWUTAUMIHAN FSnmiswmnau 0 5 10 ALRaY
; Naive 66.67 50.89 44.89 54.15
Tuvanu
Heuristic 66.67 59.65 66.67 64.33
(Flow shop)
Improvement 0.00 8.77 21.78 10.18
. Naive 25.00 25.00 25.00 25.00
Laisiawiiog
Heuristic 75.00 75.00 75.00 75.00
(Job shop)
Improvement 50.00 50.00 50.00 50.00
, Naive 50.00 32.56 33.67 38.74
LYRA
Heuristic 75.00 73.53 74.51 74.35
(Cellular)
Improvement 25.00 40.97 40.84 35.60
—_ Naive 33.33 25.03 25.68 28.01
1312} 713,0)
2 Heuristic 78.10 79.01 76.98 78.03
(Flexible)
Improvement 44.76 53.98 51.30 50.01
o Naive 50.00 31.27 31.76 37.68
2l
Heuristic 62.50 84.26 70.23 12338
(Non-specify)
Improvement 12.50 52.99 38.47 34.65

M13799 6-17 waawsannisnagauludgnisig ¢ wWevinn1susunsiimesinuiu

NINYINT IUAIINITHER
FUILNTNENNS FUFNBNSHAR
anwzaemMsHan| 3ISnswmasu 5 15 20 ARdY
< Naive 66.67 50.89 66.67 33.33 54.39
Tvigeinu
Heuristic 66.67 59.65 66.67 66.67 64.92
(Flow shop)
Improvement 0.00 8.77 0.00 33.33 10.53
Ce Naive 25.00 25.00 25.00 50.00 31.25
Liisiaiiiog —
Heuristic 75.00 75.00 75.00 75.00 75.00
(Job shop)
Improvement 50.00 50.00 50.00 25.00 43.75
. Naive 50.00 32.56 50.00 50.00 45.64
LYaa
Heuristic 73.47 73.53 75.00 75.00 74.25
(Cellular)
Improvement 23.47 40.97 25.00 25.00 28.61
5 : Naive 27.79 25.03 66.67 50.00 42.37
1312313,
y Heuristic 83.33 79.01 83.33 66.67 78.09
(Flexible)
Improvement 55.54 53.98 16.67 16.67 35.72
3 14 Naive 37.50 31.27 62.50 37.50 42.19
n9
Heuristic 55.48 84.26 75.00 62.50 69.31
(Non-specify)
Improvement 17.98 52.99 12.50 25.00 2712
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A1519% 6-18 waawsann1snagdauludgieng 9 Wievin1suTunisniwmesdnsidiu

NARA U
INTIFIUNANIN
ANWUTENUMINER FSmMsmmaau 1 2 3 ARdY
) Naive 66.67 50.89 46.94 54.83
Tviapinu
Heuristic 66.67 59.65 66.67 64.33
(Flow shop)
Improvement 0.00 8.77 19.72 9.50
vy A Naive 25.00 25.00 25.00 25.00
Liisiaiiins —
Heuristic 75.00 75.00 75.00 75.00
(Job shop)
Improvement 50.00 50.00 50.00 50.00
5 Naive 50.00 32.56 50.00 44.19
LUaA
Heuristic 75.00 73.53 75.00 74.51
(Cellular)
Improvement 25.00 40.97 25.00 30.32
5 ) Naive 35.73 25.03 34.04 31.60
131247137
: Heuristic 67.11 79.01 73.21 7311
(Flexible)
Improvement 31.38 53.98 39.16 41.51
3 Naive 49.49 31.27 32.07 37.61
21U
Heuristic 61.99 84.26 52.36 66.20
(Non-specify)
Improvement 12.50 52.99 20.29 28.59

[
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Wesldnuirurlinvesminenslug1gn1suananad #3919 IUNSNEINTIUE18N1SHER
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Joassliinnsiuiinenandeasyilindnensiwastuidunundndusivainvatey

yinogiuiu vilvmyiavesmenisndnluiusseziiaidy wag anubilunsvaey
a1 Ay | o § val 1 | o w 1Y) ' v =
nszurumsiaildminzaumiinatsvilviitesinsdmsunsusudsedela Tuvaed

Tunenseiudny AneulasuanismsmAneuegaiendndusiagliausausuuse

2 % v o
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yian3nens Tanasiodesinianmnsadaassmineinslsivasunias seyavestlamdan
wanaluy
151971 6-4 Wagm51a7 6-5 Taglumsnedl 6-22 Famsed 6-30 wansdmeulssy
NNIBMIIAIReY 2 sUnuKasAwEIsalumsUSuUTIRReUNMABUSUAUTeS

g33a6in

A3 6-22 waawsannsnagaululyniaig ¢ Weviin1susunindimasinuiusia

nanfuTLazIuUunIneInsluasensuan luaenisuanguuuulnariunaylisaiiias

UM NENNT LUENUNSHER
ANwnL e | 5 o
“ - o . |3WMsweeou| 5 10 15 20 |A10dY
FA1IMINER HNANNUN
Naive 49.76 | 33.33 | 66.67 | 33.33 | 45.77
2 Heuristic 100.00 | 66.67 | 94.22 | 66.67 | 81.89
Improvement | 50.24 | 33.33 | 27.56 | 33.33 | 36.12
. Naive 66.67 | 50.89 | 66.67 | 33.33 | 54.39
Tuiaeinu —
4 Heuristic 66.67 | 59.65 | 66.67 | 66.67 | 64.92
(Flow shop)
Improvement | 0.00 8.77 0.00 | 33.33 | 10.53
Naive - 66.67 | 66.67 | 66.67 | 66.67
6 Heuristic - 66.67 | 66.67 | 66.67 | 66.67
Improvement - 0.00 0.00 0.00 0.00
Naive 50.00 | 60.00 | 50.00 | 50.00 | 52.50
2 Heuristic 75.00 | 75.00 | 75.00 | 75.00 | 75.00
Improvement | 25.00 | 15.00 | 25.00 | 25.00 | 22.50
A Naive 25.00 | 25.00 | 25.00 | 50.00 | 31.25
laisiaiiios —
4 Heuristic 75.00 | 75.00 | 75.00 | 75.00 | 75.00
(Job shop)
Improvement | 50.00 | 50.00 | 50.00 | 25.00 | 43.75
Naive - 25.00 | 25.00 | 25.00 | 25.00
6 Heuristic - 75.00 | 75.00 | 75.00 | 75.00
Improvement - 50.00 | 50.00 | 50.00 | 50.00

A13199 6-23 waawsannsnagaululyniaig ¢ Weviin1susunindimesinuiusie

HanfuTLazIIUNIHeInTTuaen sk TusrenmsuanguuuuwasuLazEnngl



2 TUIMSNENNS TULENBNSHER

anwe Ie | 5 o
2 S i ASNTWIMAIU 5 10 15 20 ALR\Y
FANMINARN HNANNUN

Naive 62.32 | 50.00 | 50.00 | 50.00 | 53.08

2 Heuristic 75.00 | 75.00 | 75.00 | 75.00 | 75.00

Improvement | 12.68 | 25.00 | 25.00 | 25.00 | 21.92

. Naive 50.00 | 32.56 | 50.00 | 50.00 | 45.64
LURA

4 Heuristic 73.47 | 73.53 | 75.00 | 75.00 | 74.25
(Cellular)

Improvement | 23.47 | 40.97 | 25.00 | 25.00 | 28.61

Naive - 50.00 | 50.00 | 50.00 | 50.00

6 Heuristic - 75.00 | 75.00 | 75.00 | 75.00

Improvement - 25.00 | 25.00 | 25.00 | 25.00

Naive 41.55 | 50.00 | 33.33 | 50.00 | 43.72

2 Heuristic 83.33 | 66.67 | 79.48 | 66.67 | 74.04

Improvement | 41.79 | 16.67 | 46.15 | 16.67 | 30.32

o Naive 27.79 | 25.03 | 66.67 | 50.00 | 42.37

1 319) 713, 0) e

) 4 Heuristic 83.33 | 79.01 | 83.33 | 66.67 | 78.09
(Flexible)

Improvement | 55.54 | 53.98 | 16.67 | 16.67 | 35.72

Naive - 31.49 | 33.33 | 50.00 | 38.27

6 Heuristic - 83.33 | 72.73 | 76.85 | 77.64

Improvement - 51.84 | 39.39 | 26.85 | 39.36
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M15197 6-24 wadwsann1magauludeidig q Wavinisusunisiweasinuausiia

naAfuTLazIuUnIHeInsluaenskan Tuaenisuanguuuunily

UINTNENNT LUAENINER
AN AN | . W
- a v e ASNTWIAMAaU 5 10 15 20 ALRAY
FANUMINAR NanNUN
Naive 43.66 | 37.50 | 37.50 | 37.50 | 39.04
2 Heuristic 87.50 | 62.50 | 72.11 | 62.50 | 71.15
Improvement | 43.84 | 25.00 | 34.61 | 25.00 | 32.11
- 1y Naive 37.50 | 31.27 | 62.50 | 37.50 | 42.19
n2
4 Heuristic 55.48 | 84.26 | 75.00 | 62.50 | 69.31
(Non-specify)
Improvement | 17.98 | 52.99 | 12,50 | 25.00 | 27.12
Naive - 50.00 | 50.00 | 50.00 | 50.00
6 Heuristic - 62.50 | 62.50 | 62.50 | 62.50
Improvement - 12,50 | 12.50 | 12.50 | 12.50
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AR IMIHENAIUTD (%)

AN sTEsANTY | .. . .
a v ¥ ASNTWIMAzU 20 30 40 50 AR[Y
Femsnan | Usune (%)
Naive 23.81 | 66.67 | 66.67 | 66.67 | 55.96
0 Heuristic 87.29 | 66.67 | 66.67 | 66.67 | 71.83
Improvement | 46.58 | 0.00 0.00 | 27.34 | 18.48
g Naive 40.71 | 50.89 | 66.67 | 38.74 | 49.25
Tviaeinu
5 Heuristic 100.00 | 59.65 | 66.67 | 66.67 | 73.25
(Flow shop)
Improvement | 76.19 | 8.77 0.00 0.00 | 21.24
Naive 40.71 | 44.89 | 66.67 | 39.33 | 47.90
10 Heuristic 88.61 | 66.67 | 66.67 | 66.67 | 72.16
Improvement | 47.90 | 21.78 | 0.00 | 27.93 | 24.40
Naive 25.00 | 25.00 | 25.00 | 25.00 | 25.00
0 Heuristic 75.00 | 75.00 | 75.00 | 75.00 | 75.00
Improvement | 50.00 | 50.00 | 50.00 | 50.00 | 50.00
oo i Naive 25.00 | 25.00 | 25.00 | 25.00 | 25.00
laidawios —
5 Heuristic 75.00 | 75.00 | 75.00 | 75.00 | 75.00
(Job shop)
Improvement | 50.00 | 50.00 | 50.00 | 50.00 | 50.00
Naive 25.00 | 25.00 | 25.00 | 25.00 | 25.00
10 Heuristic 75.00 | 75.00 | 75.00 | 75.00 | 75.00
Improvement | 50.00 | 50.00 | 50.00 | 50.00 | 50.00
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ANAIMSNANALNED (%)
ANWUY FTUSI|MS | 5 .
2 o ASNTWIAzU 20 30 40 50 ATLR[Y
FANUMIHER U3uns (%)

Naive 50.00 | 50.00 | 50.00 | 29.50 | 44.88

0 Heuristic 75.00 | 75.00 | 75.00 | 75.00 | 75.00

Improvement | 25.00 | 25.00 | 25.00 | 45.50 | 30.13

. Naive 42.86 | 32.56 | 50.00 | 50.00 | 43.86
LURA

5 Heuristic 75.00 | 73.53 | 73.71 | 72.87 | 73.78
(Cellular)

Improvement | 32.14 | 40.97 | 23.71 | 22.87 | 29.92

Naive 50.00 | 33.67 | 50.00 | 29.05 | 40.68

10 Heuristic 75.00 | 74.51 | 75.00 | 75.00 | 74.88

Improvement | 25.00 | 40.84 | 25.00 | 45.95 | 34.20

Naive 34.60 | 33.33 | 33.33 | 21.60 | 30.72

0 Heuristic 76.98 | 78.10 | 83.33 | 83.33 | 80.44

Improvement | 42.38 | 44.76 | 50.00 | 61.73 | 49.72

o Naive 28.57 | 25.03 | 33.33 | 33.33 | 30.07
YU

) 5 Heuristic 83.33 | 79.01 | 73.90 | 73.10 | 77.34
(Flexible)

Improvement | 54.76 | 53.98 | 40.57 | 39.77 | 47.27

Naive 34.60 | 25.68 | 33.33 | 21.82 | 28.86

10 Heuristic 77.64 | 76.98 | 75.00 | 83.33 | 78.24

Improvement | 43.04 | 51.30 | 41.67 | 61.52 | 49.38
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A19197 6-27 wadwsannamadaululgmisng ¢4 Warn1suTunisimeasniaenisnan

ALRBKALIZEZIAINTSUTUAY Tuaen1swanguuuunialy

ANAIMINERAIUED (%)

ANWM sTezanNy | .. . .
- w ¥ ISNMTWIMAU 20 30 40 50 ATLR[Y
FMnan | UTuns (%)
Naive 28.72 | 50.00 | 37.50 | 28.70 | 36.23
0 Heuristic 82.73 | 62.50 | 87.50 | 75.00 | 76.93
Improvement | 54.02 | 12.50 | 50.00 | 46.30 | 40.71
i1 Naive 21.43 | 31.27 | 50.00 | 50.00 | 38.18
n
5 Heuristic 87.50 | 84.26 | 61.86 | 61.44 | 73.77
(Non-specify)
Improvement | 66.07 | 52.99 | 11.86 | 11.44 | 35.59
Naive 28.72 | 31.76 | 37.50 | 28.86 | 31.71
10 Heuristic 83.23 | 70.23 | 68.75 | 75.00 | 74.30
Improvement | 54.51 | 38.47 | 31.25 | 46.14 | 42.59




M15197 6-28 waawsann1snadauludemeng 9 Wievin1suTunisnidnesinuiu

112

ASTUAUNISABVLANSNEINTHAZINUIUTUAVDINANN UIIRaTTANTNEINT TUFIENISHARN

susuulnaruuazlisaiiias

?TUILVLAVDINANA NIRRT NeNNS

ANV uAUNTTUAILNG 5 -
o EoAS iR ASNMIWIAaU 1 2 3 ALY
HA1UMINAR ADVUAVIINLINT
Naive 66.67 57.78 43.03 | 55.83
1 Heuristic 66.67 98.00 | 100.00 | 88.22
Improvement 0.00 40.22 56.97 32.40
. Naive - 50.89 66.67 58.78
Tuasiu —
3 Heuristic - 59.65 66.67 63.16
(Flow shop)
Improvement - 8.77 0.00 4.39
Naive - 50.89 66.67 58.78
5 Heuristic - 50.89 66.67 58.78
Improvement - 0.00 0.00 0.00
Naive 50.00 25.00 25.00 33.33
1 Heuristic 75.00 75.00 75.00 75.00
Improvement 25.00 50.00 50.00 41.67
A Naive - 25.00 50.00 37.50
Laisioiios —
3 Heuristic - 75.00 75.00 75.00
(Job shop)
Improvement - 50.00 25.00 37.50
Naive - 50.00 50.00 50.00
5 Heuristic - 75.00 75.00 75.00
Improvement - 25.00 25.00 25.00
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M13199 6-29 waawsannsnagauludeniang ¢ wWavinn1susunsiimasinuau
ASTUAUNISABVLANSNEINTHAZINUIUTUAVDINANN UIIRaTTANTNEINT TUFIENISHARN

sUBUULARLAZEANEY

IILnvaIHARANIounvSwenns

anwe 3 TUAUNTTUINY| 5 .

. e no ASmswmemou 1 2 3 ALafeY

FANUMINARN ADVUANINEINT

Naive 50.00 32.56 50.00 44.19

1 Heuristic 75.00 75.00 75.00 75.00

Improvement 25.00 42.44 25.00 30.81

. Naive - 32.56 50.00 41.28
LYaa

3 Heuristic - 73.53 75.00 74.27
(Cellular)

Improvement - 40.97 25.00 32.99

Naive - 32.56 75.00 53.78

5 Heuristic - 75.00 75.00 75.00

Improvement - 42.44 0.00 21.22

Naive 66.67 24.62 39.15 | 43.48

1 Heuristic 83.33 76.10 83.33 80.92

Improvement 16.67 51.48 44.18 37.44

- . Naive - 25.03 66.67 45.85
Ynned

2 3 Heuristic - 79.01 83.33 81.17
(Flexible)

Improvement - 53.98 16.67 35.33

Naive - 29.08 83.33 56.21

5 Heuristic - 83.33 | 83.33 | 83.33

Improvement - 54.25 0.00 27.13

M19197 6-30 waawsannInadauludeineng 9 Wevinn1suTunsdinesinulu

ASZUIUNSTADVTANSNYINTHAZITUIUTTAVDINANN UNADVUANSNEING TUAIBNITHNEAR

sUwuun3ly

TUILVLAVOINANAMIFaTLAVS Wenns

AN UAUNTIUIUMS| " o
& o nsp ASNTWIAAU 1 2 3 ALRAY

FANUMINERN FADYUAVITWEINT

Naive 62.50 35.20 41.86 46.52

1 Heuristic 75.00 87.50 87.50 83.33

Improvement 12.50 52.30 45.64 36.81

B Naive - 31.27 62.50 46.89

9l -
3 Heuristic - 84.26 75.00 79.63
(Non-specify)

Improvement - 52.99 12.50 32.75

Naive - 58.34 75.00 66.67

5 Heuristic - 70.84 75.00 72.92

Improvement - 12.50 0.00 6.25
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