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JIRATSAYA PANASRI : PRODUCTION SCHEDULING FOR PARALLEL MACHINES
USING SIMULATION TECHNIQUES WITH GENETIC ALGORITHM: CASE STUDY OF
PLASTIC PACKAGING FACTORY. THESIS ADVISOR : ASST. PROF. NARA
SAMATTAPAPONG, Ph.D. PP. 146

Keyword: SIMULATION TECHNIQUE/PRODUCTION SEQUENCING/PARALLEL MACHINE
/GENETIC ALGORITHM

The purpose of this study is to use simulation techniques with genetic algorithm
to examine the production scheduling process for parallel machines. This examination
focuses on improving the work sequence in the machine and making the most cost-
effective use of raw materials, as well as delivering goods on time to customers and
reducing total uptime (Makespan). After examining and collecting data on the planning
and sequencing operations of the plastic packaging factory, it was discovered that there
was a problem in determining how to assign work to the machines due to a lack of
systematic analysis of production scheduling. In addition, the sequence is based on
the planner's experience in the production planning department, so scheduling
systems and tools can't tell if the current sequence is the best one. The researchers
then used simulation techniques with genetic algorithm to find production sequences
on the machines that optimize total uptime of the production system. The simulation
results showed that sequencing using simulation techniques with genetic algorithm can
optimize the total uptime of the production system to be 137,060.10 seconds,
compared to the 251,190.90 seconds that the current production sequence worked

for. This reduces the total uptime to 114,130.80 seconds or 45.44%.

School of Industrial Engineering
Academic Year 2022
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Tauiideawdninsefintiendnnieias osdnsidudiuauann uasiliiAadymasvind
nsEUIUNSHARLA ﬁqﬁ?u;li%’uﬂmﬁuauﬁm%’ui’mmiwmmamai’w‘ﬂuéﬁaaﬁﬂwmﬁ%ﬁmmzazﬂu
nsdadiiunu ewnddunuiidemdnuueiesdnsiimuddyiiunndiety fieradawa
TadaweuduAnunvuATesgnAY naUSuRLASesdnT wasalsvananany udy
funoudl 4 fan1s1enisndn Lﬂumiﬁ’mumL'meL'%'m’fuuazguqmiuﬂﬂimﬁmmuuu
winenanuieln3esdng lngarinnsanienadentisueieadng nameaauvewinau
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2.3 IAgUIzaIATRINIZUIUNITIANITINNITHER

TneTlun1sdamsnanisudnasiinuduiusfuuuuiamuadamans iedan
N133ARN59NsHARAESINSTRILILUUT a0 Taudamadaing 9 dWeud ledymnszuiunis
Famsnamsnanlitiuszansamgagn Tnoisuanmsimuaidimvsnslunsdadulalmnu
Hendudmng wagimuadediiasng q idudedrdaluwuudraowsadadians Tnodau
Tnaithmnelunsdndulavesnseuiunisinesenswan (aw adannsad, 2545) laun

1. ABUALDIHDANADINTYDIGNANTITING

2. dawpundnfusliiunaiignddmua

3, UszAnsnmlunisldnsnenns un au uazedesdng Wudu

mi%’mmiwmimﬁmLﬂuﬂizmumima‘umnemusl,ﬁﬁ’wl%’wmﬂiﬁﬁagaﬂwﬁ?ﬁm 1ag
fimadauayiSniseng 9 ledawounandnsiliiunaniigninfvun TneTnguszasdsand
fnavhlnidnauanunsalunisuretuld fufuesdnsee 9 sulufomnisnisans o

'
[ a

Nuitasaluiunivunvesandd waziiaANasalunsHanUlid iuIaN g nAn

Y

¢ aaa | oA

fvueldundian Gai38n1sdueteafimgaa (Heuristio) Alinadnsfianansanovauaisie
Arudesnisvasgndldesnsdivszavannw Tnedvdninast il

1. funouvhnou (First come first served) Aednsunauuasdswasuiiidiania
nenAvensTIU3NsvemIoNanT3BLASeSNS

2. vawdildnantfesiiganeu (Shortest processing time: SPT) Apsuiildiianly

[V Ql'

msvhautiesiigrazgnidennanuumhondnvieiriosinafudusiuusn wazauildnanly
msvhautfesfigninlufidususivi 2, 3 uaz ¢ aunseafedudiuil k Taef k Aeduruny
savsluuninesnsliuinig

3. miﬁwmuﬁiﬁz’fnammﬁqmdau (Longest processing time) Ansudildiianlunis
vhausnndigaazgnidennanuumenanselnsosininey

4. myvhnuitegieiuimuedaiifannou (Earliest due date)

5. Mavhauiiinaundedmiunsihautesfiandou (Minimum slack time) e
nuiideandnnatsnitondn ax1935meadsveadn Slack luudagmitenan dmiuen
Slack TassmumldnuaUszanananuiuaUuREn AU B A TITTuAdsY LAy
MIMNYTIUIUNIEHER

6. MILTTindavinneu (Last come first served) Apsuditdrunlumizendnnie
\3eadnsdusugavneazgnidennanuumienanuioiniosdnsiousudu 4 Tuunaesnns

Tvusnng
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NaNNUNAS 9 fenandsruiinitedtaztoidanuanasiunueulutazdeadnin
YDINTTUIUNIINGR LHIINHaaNSTLAINNTEUIUMSHAANT 9 9193zdlUszansaniiuin
wilunensstueglinaansiluale Aslunounazdnms1enISHanlRAUNUIENEn T
LA3839nNTAITNAEIINIANWINdALNMAS o dnawihluldinu nvien1sdnnsean1nan 83
Wulgmiianududounazuanaisiunuaninuanaenlunszuiun1sndn e1aduali

U cal ya 19 v o s 2 A = A a
naansTlatianuasnndeivingUszasivedlsinuiusomen masnaldlunsmiey
vIeRauAIasdnsharaunsalandiumuleululardediinveansruiunwgs nsld

Y ¢ aa | I A o a = & s 1 a dl'
naninaiveisn1sduegsilivaralunisdanisanisudniadulssloviagned Weewn
wansliiudaisnisuazimevreslgmndianududouls lneanunsafiarsangluuuluns
U URnulanmun 3 suiuy el
1. NMFIARITNNIINANVDINUILNAANUNELAY?
2. MIIAAITRNTNENVDINUIBHEN NAB UL

3. ANSIARISNNISHARMINFL VUL

2.4 ﬂ‘lﬁu‘lﬂﬂ‘l.]igﬁ‘illﬁﬂ']WIUﬂ'ﬁQﬂﬂ"ﬁ']\‘lﬂ'ﬁﬂ\lﬁﬂ
U 5d‘ o a dl‘ U o o 2 a a v 1 % a

PANLNAUNT LT LUN5A AU N TR IFULALIANITINITHERN NI ERANNAIRT
FinUszandnameng o (uldan Fdua, 2560) Aenaluil

241 nanasanulaode (Average completion time) mlaannailseiiana
NUUALLIATTOABULNBLUNENURNN 9 UTINAY 138nT1 “Lammualtun1sinay” ki
LAIRINANININITNIYIN UL UNIMUAE IRARAsYe a1 UluLA ALY

242  ANUAILISOVRINISILATRITNT (WUtilization) Wusald Ian1svinauees

o ) a 1% o v W v a

wsesdnslunisudn nglviauddydunaidesgadalyainnissenss

243  ANadsa1a1tl (Average tardiness) luAladsialvesunazauilaiisu

'
[y =

uihmuansdweundadiusivesgndn Judududnfiauddgieninmsandnuiunuids

waunuatale asvilesdnsivsednSninlunisnevaussrion Ui oInIsueIgnAl wi

1%
v adAa v =

nsliaud ey fuseEa Taue s orlagldfiansanderded T iaussans ameasy 9
onvavdalilszansnmlnesanvesmskansile aaiineylifeufidwevad

244  Swaunuiifiszesnanadaiininiivun (Number of jobs lateness) Tngdn
Muasatinnmnuagdiwsuduaaziaiuin inuasasinnivueauselasaiuaiasd

Andueud

a1 E24 !

2.4.5  nuiugegaidaaunuiininiivun

q



246 a1Uanu (Makespan) LuniaviaugnvnevesssuUNISHARNYNULAL

NNUUADUILABUATIAUTIIVIUR

2.5  JUNUUVBIMNLIENER
mM3damseliiumiendnzidnuasuazamududousiuansetunudedifauas
Joulvreenssuiuniswdn Sedmaliszuunisdnansedmsunszuiunisudaivainvans
sULUULaziANUgUTRUNIN @1NIAMVUAUTELANNSHERAUTULUUTDIIENER (UnSlue
Y, 2546) Iidasoluil
251 a3esdnsdien (Single machine) Juszuunisudniidiadesdnsiisnad o

AgT LagUnNUIEABIniunsneIesdnst lnawesesdnsansaaniunisudnlaiiag

Y A

nilsusiensaniaile q Fasaznuarldnandmiunanduiuarimvundaeuliiugnani

WANAUAINYHALAE FULUUYBIAUAT LaAIRagUT 2.1

AU 1A3039N51A87

= a a4 o a
E‘IJ‘VI 2.1 F2UUNISHANLUULAIBIANTLALT

252  AT999NIwULBLIU (Parallel machines) WUsEUUNISNANNLLATDITNTAILA
2 1A3097uly wazia3sdnsddnvaeimidouduneguuuunasn1siney §e1ufssuin
annsaniunisiiaTesdnstaniosdnsnils wagldnardmsunaniiaTosdnsiu 9 windu

WanaRagui 2.2
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NYUINTOIING
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JUTN 2.2 S2UUNSHEAKUULATEIINTUUUTUI

NISTANIS AT UNANVDILAT DITNTLUVVU UL TUNITTAS AU UUUNUISNEALUY
d‘d 1 a q’.J/ 1 1 dy Qlldcu o a a
yuuRfivdenandaus 2 niedull Alanwaensvinu sUuuy kavdsegnsainlunis
MU auny TunszuIUNISINAITIINISHAR SELUUNISHARYDILAS D9 NTRUUIUIU T
FUnaULINALLTUNTZUIUNITUB UM UL A UNUIENAN 1S 9LAS 899NT NTUTI9Y
AMRUNNTINEIAUNUIANUMUIGHEN LATUADUNITINANNUNISNARLANUTULDUNLANF1A Y
AINANTWLIAADUVDINITZTUIUNNTNAANY 9 FedmaliTunounIsndn 1a1RAAIATDIINT
ugUnsainltluwdazniiendnildnsinsnannuanseiy Aaluddlssuunsinnnsnens
a ~ ) Aa o a ' ) & v a o

NARYDILATDITNTLUUVUIUNTINTINSHAALANA1ITU TaeszuudUsenaulumieAs099ns

m LASBITIMLAUNY WALLASDITINTHAALLATDIVNNUNTLNI DUNY kAUIEANSANLALORIINNG

al

NARYDIATDIINT HAALLAIDINANWULNLANAINAUY YIDIWAAVINATDITNTUIAS DL D8

9
U U dl U dl
LAINILATBIINTOU
2.53  NINARAINa189U (Flow shop) Usenaunieinisdinsnianuuzunnemneny
1ABLFIAZ UL FDINAALABLATEITNILANIZITULY 9 UONAINTIIUNIRUAIZADIALTUNITHEN

[y

ffddunisudaieniu Tnenunds q awanunsandnumeiesfiasdldidadielinanauasa
AuvuaIesdnaedesiiniudy fmuinnlulsauiiinsanduisaunn

254  nsnERaNaY Job shop) Wussuunisudaiifinsldantaeilululsan
QAEVINTINNINER FaaTesdnstdnvaurnmsviieiuandsty uazudazsmiawunisuan

NEYDIUTY 9 UARIAIFUN 2.3
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A4 o A o A @
INTD99NT | 1N3099N3 3 INT0INT 4

NUA

O
l

///f
l

A o
1NT03INT 2

JUTN 2.3 SEUUNGAKUUAILY

2.6 WALALAZATNISIUNISINAITIINITHNER
wadawaz3snislunissansenisuaniiiodnandunisvineu (Baker and Trietsch,
1974) Usznaudmemaiauaziansiwielud
261 A3UTIUTLOUAUIE (Branch and bound) 3an5HUsYREURE 2 Tunoude

3 1 ] 1 <) 1 § ] !
nsusudidunisuusdiudymauinlngeendulymdes wagnisuramdunisuiem

salaa

Lower bound snfnatiiemuaansnangavestdaymeoy

aada a

2.6.2 35875a@Rn (Heuristic) Wunisimdninamians q unldlunsiaisundadsu

a = o ea = 1% ¥ aa M v S wey

ulumsudaiienuadnsnmunzay Feausawilgvdeyanilivuialngla sauviadald
nantunsUsEINaNates

2.6.3  Awmd15afn (Metaheuristic) 1WUAS A NSUAUNAINBUNTTUNDUNITALT

Ao v | & aa aa | aa a a a 2 aa ‘:4' 1Y °
NYULDU WALUUITNITNUIUNINAINITNITTITAAN LW ILUUITNITNEIUITDAUNIANN DU

a a

vualugnielaReulvveiaiinialaegisiivusz@ansnin lnenszuviunisiumiglsannilag

YMNISAUMIANNBUAIUIIUIUTDUNSUIARBUN AN 1UAL) denaliaansvaIAnauilang

a a

mugauuaziiuszansnin F93snswmgnsafnidenidiuiunladymnisdnnisenisnan

=

B ToTUmMBUTNIUGNTTY (Genetic algorithm)

[%
1Y a

FBTunowdsiugnssuiduisnisiaunsadumeainauldnalsdineu 1991033

o
Y

TURBTITUINTTUIBII M TN lunsAmeuaunIaglaAneunaiannudoulaile

Avuald leduuiAnu19INN13018MeANIIRUINTTU BaEHAININITVOE T TIANIIENT

a [y

Usumiliddvanmuindenresdaddinsdunsimuninddidinagey seansogeyiug

o

Tonluwwmslumsdumeaneu waziinnsaneneniugnssuvesdseynslusuneuidsu
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an waliladdmuinislug o Fovagviilnladneuivanzauvisliivangauls usoed
g

SnsuteyaminzauiiodrlUldssuidisuiudmneuluseudu o wevhlild nadwsy

ad a U o] a U [ = a v dy
WIHNZEN NITUIUNIIVDITBLUINUTNTTU (33v01% TRININUD, 2559) U518azLaunnU

&

2.6.3.1 AMNUATUIAVBIUTEIINT wagdaS1UTEI NS AU Wun158519

'
I =2

IIUIUANBUSUAUNAY °) AIRBU INNTEUFAIAVINIINIUYRIUTEYINSNT0Y Fedanali
° Ay va a a | ° ° aa | a | v
AnoUNlasiuszansain unnisAmuaduIuUssnsidvuaingiiuluotaazdnalnld
LANEINSUUTELIANATIE1IUIUTULA AIUUNISANAUAVUIAUSEINT AR AUNUS NIy
vostymlunszuiuniswdniu 9 agilnlaAneunduszansan

2.6.3.2 AvuakazUssuilsiduinguseasnvaslssvinssusu (Objective

[
% [

value) Uumsimundad IaUseavan muednszuiun1sinnnseanIsuan endiegag 1an
ousm vandaeudu usu

2.6.3.3 UsziiiuAnninumnigay (Fitness value) 1aeld Fitness function
dmumeiminzaufudnvazvestygmvesnszurunsnannuilsiduinguszasdves
Uszang

2.6.3.4 msdmden unszurunsandeniaslulaunaiuguinugaiuei
AnumINzauLazA1ALuazsudmsvaislasiuleus ugn TnolasTuleudfiaaay
mmzamqwzdaNﬁiﬁﬂ"]mmm%Lﬂ'jwuaﬂmiuisszu q fiArganaziilontalunisu
TasTuleuwesiug wiwugigsniidianumnzauiites laedisnsaldlunsdaidon
waNnua1eds eniegnudu 8edegian, Bnsinduu usu Tneiafaeuldlunsamden
w1duisredegian (Roulette wheel) ilosanyilaunsadummmeuimsnzaniianls uas

v

SnslagldaanuinagilunazAanuiissduazandmivasiuas fmvuntidoyalu

)

1989 UAAIAIANTINN 2.1 Waguwananazun 2.4 viasanduazlinisduadiia ieniaian
agflursdegian lasluleninnegluAvesdeantuasidulastulouns wazyiinisguan

£ = 5 d' v |d' 1 v
miavanase ierumilasiuleuuinanegluAvesisqegian



dl U ! a U 1%
#1319 2.1 WJ’EJFJ’NT]’]iUiBLNUF’]'ﬂ,U’Na@ELa@
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v Useidlu .
Wandu . . AUl
Taslalow | ) AIA21Y AU U
MQUILEIA GE3EY
Wz a
1 164,440.2 60.8 0.2186 0.2186
2 244 455.2 40.9 0.1471 0.3657
3 191,866.0 52.1 0.1874 0.5531
a4 147,452.2 67.8 0.2438 0.7969
5 177,018.0 56.5 0.2031 1.0000
EREY 925,231.6 278.1 1.0000 -
1.0000
0.0000
~
0.7969 ';" Ty Tu Tamil 5

Nl

L Tas TuTaud 4

SU# 2.4 25dp318m (Roulette wheel)

2.6.3.5 NM3018NBANITUTNTIN UTENBUAIY 2 Fumau Fe N13UNaeiug

38 Crossover lUunsyuiuntsuaniasududszninalasiulauneuns uaznisnaneiug wie

Mutation {unsunsnueaduiidudnielulasiuley ieAumaineufivhliingUszeasdiian

W EEUIan

2.6.3.6 msdmiulasiuleugnuseaflanduingUssasdfimunzanluusiag

soumsAumaney WaldlastuleusugnudidnduseinsivaeuaringussasAvegugniiie

WuANagn waznsnsvgeulouluiiongndumAney Jan1sUszuIanamAneuIen
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aufsaiasuiusauasumuEaulunIsnsasunianualy

264  FBmsmeadamans unisiwuudiassmeiiuadamansuinldmuadns
Usznauluie 2 35 aun Integer programming W&y Dynamic programming

265 33 Artificial intelligence 1Jun15u3snslayauszavgundrvdmiuaum
Nadws S93Emseananilsed

2.6.5.1 Expert system 1Juisnsnvaeusivisotigmuaansvesn1svinauls

Re

527U
2.6.5.2 ns91assantunisainuudgmi (Simulation) 13w n1sidsunuy

s3UUNMIHaL Tagyin1snaaeemiAIney L e adns fivnzauian 9n15vnaedn
Mnevarlldwansznurionnudsmeiuszuun1sieuais Insusznoudetuneuns
$raesilym dsoluil

1) fuuaszuukazdgm Wunisimuatygmiuazveuiwnvesau
wazrmuandninaiitiarldlunsfiansanlunisuitam

2) spudeya WeliususLaz sz itoya

3) vueguuuy lagldneuiiumes

4) MTIVADUAINNYNABIALANUAUMAFUNAVBIUUUTIADY 93N
miﬂ"’]‘wumgﬂLLUUMﬂﬁﬁTW@@@ﬂﬁgWLLé’ﬁw‘f’lmimmaamﬁmefﬂamﬁa%”lﬁ?umﬁa
BIULUUIZUUNSINUANTA LT UlAaT e NALMUSE UUNITTINIUaTle

5) nMsneasLuUasndunisnsaeulssAnsamvesuden

[

=t @ a ¢ v = o % - o o a
Wa1e 9 N9 Famasandeaeinasansdeniidululsunigeiazgninluldanuas

Y

27 aiteiiiedes

Gabriella Caputo, Mose Gallo and Guido Guizzi (2009) la WILUUTIA8 911
Uszgndldlunisdanisiai eandununisaden lagldiadesile OptQuest for Arena Tu
godwag Arena dmsuliasgimdidusng 4 Adululdlunssuiunsndawasmeneud

LANNEEY 3’3&15@ﬂﬁﬁgugUF’n’]iJQﬂéf@\‘i‘U’eNLL‘U‘UGS’]a@QIUHW?G]TW&EJUWJ’]@J&W@H?O YDINTHAR

'
=

Ferumaulunsaiiusnuisuannsinasiminensliivan dausg q MntulyuAdali

[ a

Joyan1ninUszudananiulan VBA (Visual basic for application) Meglugiudeya tivein

£ a0

ToyaiuNITUTEIIANAlUFIUTBLALTINYIINITINERINTLUIUNTHER LiNeAPUNTITHER

Y

MliRuuNIsaRanmfign INNMIANYINUIReNARIS Arena d1u150ATIZAMAIROUTN

MUNANYBILUUTNABIN1TIANITNSHAR LR
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Howe C. Cheng and David Y.K. Chan (2011) e uuuaiassung1elunising
LHUNNIHER W emnahuInaian Tneldlusunsudiassaniunisal Flexsim Lilo
Ansgimadunisaniimanzan Tasuanmahdeyansndnanasadslulusunsy
Microsoft office excel Usguranaatluuuuinassaniunisal Flexsim lngn1sdnng
(Combination) &dusustanuaidululy uazdnidssnquitdrdueuiifnardsmevaudn
waetiosfigaimanteu (Minimum slack time: MST) 21nA"331a8sanIUNITaINUIINIS
Indnfuiimnzauyinlinavhnunuwesduunuiidmouaiifidanas usdmwalinanlu
mMsUssianakuUaniiomdneuiivraueshdunisndnaualdinaissinans
u feudsmswaiavienasUsznanafifvwalngdu ileifuussansnwvesns

Ussianatoyaii dululavanue

1
o0 ad v IS

Savas Balin (2011) It 339uneuieiugnssuunldiunseuiunsinnIsansnan
LU e Anyia3ednsNlanvae NSy umauiy WATYUIAYRLASEITNITUANAIN
AU L 9aALa1Y19IUTINYBITTUUATNAR LARTign IngvinniseenwuuiSatenaania
o ax 1% I ! A o g v U sav v a a A
WUgNIIUY0ITN1sTmaeug g (Crossover) Wvavilvikaswsnladussaniamanian
waziIsnslaeenwuulniiluvinisnegeumnasusiagldyeniuasnisitassaniunisal

g o v fav v = = v aa o a
U UUIRAENS 7 laann1snaaesllSeuiisunuisiianyineauuinfigne (Longest

. . =~ a a a a aa | I aa
processing time: LPT) tieiFguiigulsednsnimueadsnisiug #aainnsnnasinuinis
Tunoudaiugnssuausaaaavitusvasiitazldialunisuszuianan 90157
fawinvuavesleymazdvunnlg

1ATEET LNYTELN waEsI15S Nadnslisun (2554) laussendldisTuneudaiugnssy

[

dsudnnsinisnds Felldedninveamiosdnsdndudemmeiuduiuveynsy waziu

a o d‘ o o o a Y v d‘ o dl
LURNUTNTITH LWDNATBIINATNUITU 6 ¥falinuLAIB9INS 3, 4 uag 10 1ATBY NAYINNIT

a o o

VARDINUIINITINARUNUIALTTTITUINITUAINITONLIANNUTIN VOITEUUNSWER b
Wouni13sveauiua warn15dnanuulagldlusunsy Lekin scheduler WAU19ATINTT
IpaaulagisigaiugnIsuansannawinunliunnImMsiaasunulagldiuswnsy
Lekin scheduler t839MN31UIUYBNULALLATIINTHNARDN1TATIAMBUILTAY dIna
in1sdnandulaeTsigaiugnssuiiuseaninimanas

v aa a 1 L3 aa 6 Y v ad v

Fawa 515007, §ANn 9A3elU uazugian WWeened (2555) laimu1isnsinmsng

nswanivoilvviailunisvinausiuinge nedaueiSnsundaymiaun 2 Tunau
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1#un Suneunisdanguauiivszgndlduuusiaomnsndamand nenaideulusunsulu
Microsoft office excel Lﬁauawmamulﬁﬁ”]Lﬂ%ﬁﬂﬂﬁmuwauﬁqm LAZTURBUNNSIAEEU
suiilszgndliinadagadafind lnsfinnsananiufvundasiiannou (Earliest due date,
EDD) L.Lazﬂ’ﬁvi"mum%l,aawﬁaaﬁqmﬂ'au (Shortest processing time, SPT) LiiounadnsT
TAu U3 UguAUNITINMITNISRAALUULAL 2INNISANYINUINIBNITINATIINERAINET?
annsafinUszansnnlunissansenisuandosas 7.83 U8In139RA1519NITNAARUULAL
wazdeaunsnanduIuUatadlnieay 43.33

o

AUNeA watans wardsiay JAinsHus (2555) liuszendldIsn1stunoudanugnssy

uuuRaNdmiuTam N saslugaarnIsuN sHanTsus IodAumaTTIeTdigad
Annnanuaniivessu uazAldaelofinuiegszuy Taglinadeunim Visual basic
$rufulUsunsu Mathlab afidumeunissiinnuidedd nmsadisUszanadudusiuam
5 1aslalew TagUszvnaisudusnainmsgudiuau 2 laslulsy wagananissasading 3 38
A5 Earliest due date (EDD), Shortest processing time (SPT) k&g Minimum slack time
(MST) Sy 3 Tnslulen dunsudesniifeliiinismearanuudusmiuaunisinguszasd
uazmsdndentaeliitnedesdn ntldhnsduiuminiiovhmsaduiilesTaley udavh
msdadeniaslilendiAfigaiiotn lududssensGuduluseusiely saamnnisvaasmuii
Fnsdansanssdalagliiinsduneudeiugnsuuunanansoaneilddesiu i
1NUANT AL TNUAISIUTTUUMNAU 88,914 U NALAUWINAY 179,171.89 U

Cuixia Miao and Juan Zou (2015) léauni5n1sdanisnsnisnanvosai 09dns
wuuLy iteanavhausalidiigauazannanuiiaoauysaifanun Tnedidediie
yaaanlunisuszanananuiaraamionldauyedaiosdng dalsiiauedaneiiiu
Longest deteriorating rate iLa¢ List scheduling Lﬁaamamﬁwmmﬂﬁﬁwﬁqm wazULEaue
8ane3 4 Dynamic programming Lag Fully polynomial time approximation &@1%$u
annauiiaauysaiianaa nmsAnwnuiamsaiau wudeemadaaans
WowdAtamnisdamaenisnanveaaiosdnsuuurumle

Matheus N. Haddad, Luciano P. Cota, Marcone J.F. Souza and Nelson Maculan
(2015) 151’13’11,314@{]zgmmiﬁ"]’mm'mwaam%ﬁﬂiLLuummuﬁé'}éﬁmﬁmﬁmﬁmaﬁiaL’Jaflﬂ%’uﬁga
\3eadng evhlinananuiiaseanysaifiiian Tnsthiauesanediin AV wag HIVP e
wadnsTlFuUSsufisuiunsianensnandagtiu annmsAnmuindanesiiudanan
Frafudiliannnisi@oulusunsudien v C+ wag Java aunsaudtaminisdanisnanis

KA AANTIN1TIANTINSHERTITUINAITUSEIIaN IR ReS YR IaE 1Ny daya
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Miavua 360 feg1e agalsinuniniidanasiiu AV uaz HIVP udssgndldsiuiuniive
11 Mixed integer programming (MIP) @1q9gtiuUszansnnlunisuidgninisinnisis
YoaAsasdnsuuvrwIUlaanInslgdanasyiu AV way HIVP Tunisuidym

a a

57 wdeaBuns (2560) adauesnsdmsuiansnanisnda lienianvinenu

vossyuuiduiign lnglduuudiaomeadinaansuuy Mixed integer linear programming
iemuadnéfimunzauiign Faldvinnsulasuuuiasamandinmansuazteyass 9 dali
Friaes NEOS filusnssussuudumesidauuulifnd1uins uagduanuunand e
FrpUszananatasAumMHadnAmIzaniian uilunisuszananadeyanuindsines
NEOS lilanunsnuszananavesdoyald ilasnndeyaiivuslvguazdudsdrmauunn ¢
11lUsunsu CPLEX Feflnunaveadiiesilugninungasluniseuin annsAnwimuii
Bn1sdan1senisuanlaglalusunsy CPLEX vul@viies NEOS @1u1s0antialvinanuesy
svuuldRndnsdamsenisnanuuuiiuiesay 17.49 sgndlsfmueddedlafnenianis
msaananihauessyuy wilildfinnsandsfunulunsudnsudy

91301 loelans (2561) WiaueTimsdamsamananuoaedosinsdmivtuguens
soudt WieandunuTIINAUTILLaA i lunnAueIosdng aglduvudiasama
ABIAFANEAT LU Mixed integer linear programming @nsuunayni laeldgons s
OpenSolver #28lUswnsuUssaaana Gurobi 7.5.2 unldluniswinadws i vunzay 3
nsvvIumsHaniitesiinvenaiosnsuiaaiesiianunsondnnuuiavuialduazaisulunis
wanudnasenatlunsusuiaaiedng anmsinenudaiinisdansenisuasiagly
TUsunsu Gurobi 7.5.2 anunsaansuyusale 328,848 vmsawiou Andudesas 13.3

suian 2dinTe uazasdl nivivana (2564) Iiiaueisnsdnnsanisadn tile
USuansnuaiesdnsfildnulimnrauwasiadinuussansanvesdnsinisldiniesdng
yufsandfuyusanvesszuunsnan Tnsldluudiasmeadnmans dddiedostle Solver lu
TUsunsU Microsoft office excel iiemamaufivanyay wazld35n1sdanisnenisndnuuy
g5afndnaunau (Hybrid heuristic) Inafia15841270 Earliest due date (EDD) wag Longest
processing time (LPT) ileiSeuitsuduidnsdnnissnisndnuuuiagdu annisdne

saa 1

nwuinsdnnsamsnanlagldiuuitasmnsadamansiinadnsnaninisn1sdnnisnans
HAALUUBITaRNANaUNA1Y LazISnsdansiensuaaunuudagtiu lnsaiusoanduyu
Tngmuvessyuuiosay 13.43 WaSeuiflsuiuisnistaqdy

Na Wang, Yaping Fu and Hongfeng Wang (2019) lataueisnisdnassnsnenns

LUULAUNINKAENITTARIIINITHENYDAATEITNTHUVIUIY Li0YITIANAIUTINAER
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Tneldinaiia Meta heuristic ii% unaulun1sanidusussil Heuristic-based partition,
Genetic-based sampling, Promising index calculation W@ ¥ Backtracking strategies are
employed ¢u3FeildUszandldinaing3afndsaududanasfiu Genetic 1l aufin
Usgansnmlunsdanmisne Ineyinnsiuseuliisuisn1sminanniuisn1sdnmsenISHanLUY
h-NP w2 MSGA 21nM1sAnsnu3isn1sdnntsesnsuanildwamnd uinaunsauidaym
M3TANNTNNITNERTE A BITNSUULILLLA NS RasINTNensuuUlawndnldfini13snns

IANNTNNITNAALUU h-NP thag MSGA

M13°9% 2.2 aguaidesaviasosdalunisuidam

29Uy wn3aedialunswAUyM AYINUITANGAN
Gabriella Caputo, Mose | - 35n1591a0%@1UNT0] - AUYUNISARDNAUAT

Gallo and Guido Guizzi | - Visual basic for application

(2009) (VBA)

Howe C. Cheng and | - 35n159180%d01UN58d - 1IA1%9UTIU (Makespan)

David Y.K. Chan (2011) | - Microsoft office excel - nadswoumdetiosiige
(MST)

Savas Balin (2011) - iﬁ%umauL%aﬁuqﬂiiu - 19a11N9UT (Makespan)
- navhausnndige (LPT)

LATYE LNYTOLN kA | - %%%umam%aﬁuqﬂﬁu - 19a119UT (Makespan)

55155 Qasinslisud (2554) | - F5veuALLUA

- TUSHNTUIAMITINITHER

Tana 515000, AU YA | - wuuIemndinmEns - 1781911971U 5 (Makespan)
| I aa Aada a a ¢ o o @ A

791591 wazugsan A5y | - 38FFaAN - JunvuegasIgn (EDD)
N9 (2555) - Microsoft office excel - nmﬁwmﬁaaﬁqm (SPT)

[
o

duned uasens uaz |- IBUunsuBaugnssunuy | - fuivuadudafian (EDD)

TIAY YANTIUS (2555) | waw - nawhautdesdign (SPT)
- To813amnd - nadswoudetiosiige
(MST)
Cuixia Miao and Juan | - WUUAIA0INNANAFIERS - 181191U59U (Makespan)

Zou (2015) - AunEsIENYIal
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M5 2.2 agdanideuasiasedislunisuitam (se)

o a o = & ¥ v Ao a

F91UIY wnsasdialunisuiteynn ATIAUSEANSA N
Matheus N. Haddad, | - WUUT1@2IMANAAIEAS - aunEsaEuynl
Luciano P. Cota,

Marcone J.F. Souza and

Nelson Maculan (2015)

1579 WReBuNs (2560) | - wuudnaemuealadans | - 19a1veun (Makespan)

- An1sIaesEnIunsal

a13m lvelans (2561) - UUUTIRINNANAAMIERT | - AUYUIINLINY
- WWsunsuyszaana - AUNUIINNITHFAUATBITNS
Y I3 3 = ada a a ¢ o o =
sudnd 1ediAT e way | - IFTRAANANaUNY - Tuimuada3ige (EDD)
1579 wiedysna (2564) | - Microsoft office excel - navnunniga (LPT)
Na Wang, Yaping Fu and | - 35Lus8a3amng - 1781911971U 59 (Makespan)

Hongfeng Wang (2019)

a a L4 U L2 o

INNISANYILATNUNIUIIUITENLA 8ITDIAUNITINUHUKALNITIAFIAUNITHES
wudgmnisdannsanisuanveamsesdnsuuvruududamilésuanuaulaiuegia
10 lesndnsAaduasmsdmiumnainsvihnussiides laauasdmeuivnzas
Fefinmahisdupendaiugnssuuasmaianisdiaesaniunisaliagldszuumeneuiines
wHeutladyninsianisanisudauasdumdneuiiwuizanlunssuiunisndndy
Furunn win1sAnulagldlusunsy Flexsim saufiudadanugnssy (Genetic algorithm)
WofumadunInanuaziiavius N iivingauveaaissdnsuuuruiy Tnefinnsmann
Hadunsudniiddny Woun mmamWiaiumi%(ugﬂﬁjmﬁmﬁmeﬁ AnuENTalunIsndnu
youninsdng wazdiuanulunsuanuuiniesdnsvedlsanunanussfusinaradnnuing
LifinsAnsunen Fufuanuddedfdshlusunsusiassaounsel Flexsim saufiuisids
WugnIsLUsznAldAUn U T InsHAR Yo A3 sadnsLULTUIY TasRansan

I a v (3

nTadensTugUananine anuausalun1sHARNUYeIATENENT wazgasuuuTaedln

Y

MaiuN1sTUNEAULLATEInT MeldReulunardedninvedlssnundnussadueinaiasin
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3.1 29N HUIUITY

uidediduanmsfnunquinezauidesis 4 MiAeades Woduuuamidunis
Fudiuemiade uasfnvanmiymifndulunssuiunsmusuuesmsdadifunsnanes
Tsssunsdifne mnduliesgidnuagnmsiodutagiuasusadoyalunssuiums
Sndduniandn ileaisuuuiaeamsdadidutatu anduinisnsaaeumiugndes
LaEALALIAALNATB LS IR0sANTUNTA WihNseenLUUTuRRUNIRgIFuN AR
Ingiarsanandadelunsruiunisndalasldmaianisdiassaniunisals:uiuisigs
fiugnssy WeaisuuuiassnszuvumsdadfuNsREATianssamAR UM AR TNz AN
MndurhnsneassinddiunnaslagliaB S utugnssusuAuTUTLATY Flexsim tiethuail
Ifuinsgiuagiaunuivlssuseansnmaeslusunsy vdsandurnisagunauas
Forauauurdmiudumnmsluns@nudmiumsindiunmanduiifitouluuasdedin
flaonadestuauided lnsasuduneunisnuildnanunduuwunin (Flow chart) 16
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3.2 msansanasAneaninlynivedlssaunsaldne
321 deyavluveslsenundnussyiasinaain
Tssnurdaussafasinarainidugsiavunnats Geidiunisuanussyfusi

wanaRndugUssayaMafild3umasgILAMAIN 1SO9001, 1ISO14001 LAy OHSAS18001

Y
lngasagiidnneiatey Yminnszunsriaysen
3.22  YoyanszuIuUNITIUAULALINEIAUNITHER

TURDUNITINUNUNTHAA VB TINUNERUTIA sinanain 15u9nenens

'
[ o w

LHUN1INANLATUANE I 031NgNAT AINUUEIINWHUNITHANILAUMTOYANITNER LilD
ASABUAIAINITNAALALUUNNINUIUN A IN1SHAMTY Master list nasa1ndunnanuy

MaruluigI U THERIETYUNUNIHEALAE AN TN TudsauAuA I ugnAn
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USunauvesian nninauanwnunudndusinavesianliiiiesmesoniudean1snan
wifnsuaRzfmussuavesianilndifediiuusunsndn WeimusSinavesian
T UL UNSHAMES I U SRRz dun s TuTinwunsKEn e Tud snEnds
Tiidnaudnendn Wilendndudlags19dsmunnunisndn uaznniudenaunuazyiiui
AAMULALINPNUHNANTITHANVDIRKNEAR NINTWSIAIUTUNITHER A18719WHUILYINNS
WNSNANTNNTHARLAZLE I wav B onufivinsunsnliendnsunsiu waziiondn Aud
ASUALSIUILLEY H1819unuRinsedsluS shend sBud il odndunisdnasdudaley
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3.23  Ugymidinuvadlsssunsalfnm

Jaqiudgnsununisndnazidudnauaunisudn winnidnaunaaulasu

.y
o v A

AATDINGNATRZALTUNINNUNSHARAIMUTEIU 1 T Tngdndulateuninegy

nnaInsaweududiiiiugndndundn ndussiansananvuinveuni osdnsiiie

v a

Fnaulaeumneauliiuesednsidemdn nsaverfoussaunisaivesmiinauanuauly
MSTATUHUNSNER S nTuaE AU sasRunsHARlFAUNTN Ul eRER Lenan
uanludsndnlunnaz iy 990A15ANYINTZUIUAITINLHULAZ AT ASIAUNITHE AT D1
Tssrundnussytasmanainanunsoasuliymiinuld deludl

1) LifinsAneISnsdnansunisnanegnadusyuu wagldinn1saeawnunng

NARLAEDIAYUSLAUNITAVDINE NINUIN AU TUE 1819 UNSHARR A AUl AN U8 91U

'
a o

TifunIesdnsmuiudwevdumlinugndndundn Fedemalinislduselosivosingua
AIMINMUNEVDID9ANS
2) 15 eadiolunisdnarsuluduseans aiw wnsizluaiuisansiaaaulein

NITUIUNMTIBNURAEIRA NI TNAnTagUulinadwsivaneay

(% ¥
LY (% LY a

I UNUIT8RILA DD ALUUTURBUNITINILHULAZIAGIAUNITHA AL DN

[y o

Fensdeadunsianvunay weldusslevivesingaulviuiniian wazaiunsadewey

guAlaviuia suneiiawihausudnas

3.3 3IUTUTLAKALAATIEINITEUIUNITINGIAUNITHER

FIVTINTOYANTTUIUNITIAGAULTUIINATUTEYUA UL TUNTE AN Nty

a

dounutunaun1sdna i uNsNanUagdunasUademsndnniimnfiansanlunseuiunisuan

£
Va v v

Tieyaveunsesdnslumndndui vendniliidedalaaeunuiiegdumdmiunan

TitugnAwieldidumiegndlunside wuinduanduingeaildlunisdadidunisndn

[

Jagtuvedlssnundnussydamwaraindiuiu 1 Ju wiiiu 30 degredun Aeiunuided

=

91199198198 UATUNITNAFDININUA 30 AI9819 INAUAININUALULTIUNTAAN Y

]

1,145 vflnduAn FeAmdu 2.62% vesduAvisnun waznuina3esdnsdmsudutugul

A

T9%UA 2 1AT89 USENDUAI8LATBI9NT A Uiy 1,300 J8d1uns LavlAse99ns B &
YUIRLYINAU 1,000 TaALUAT FILANWULNITVNI UL BUNY LADATINITHNARLANAIIAY 9
AIHALTAINNAINUNTO I UNISHNARIIUYBAATBITNTIY 2 LASBY LANAIAY WaLlANINUALIAN

YSUA WA BITNTIAWINAU 3,600 FIUNTD 1 TIUIReAUAT tngfiag19duAasdadenis
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HanTdmaliawihuTI wasnadwevduimiiugnmuansisiunldlunismaass wans

AIMNS9N 3.1

AN5199 3.1 F9g19AUAIUNITNARDY

4 o . | LI@INSHER U USneuniswan | .
YBEAUAN o A » AUAIUBUAUAT | YoMat
(Qun) Cavity (Fu)

duA 1 19.2 1 100 4 48.29
duen 2 18.5 3 1,500 2 80.60
duf 3 18.5 3 1,500 2 80.84
duan a 17.5 2 500 7 79.41
duf 5 14.8 2 1,000 8 75.76
duf 6 16.6 3 6,000 7 128.27
duan 7 17.9 1 1,000 9 73.33
duf 8 23.0 4 1,000 3 81.37
duf 9 18.0 1 100 6 7153
dup 10 18.0 1 100 6 7153
duen 11 13.2 6 2,600 8 74.38
dupn 12 17.0 4 1,200 5 73.89
dupn 13 20.0 6 100 7 81.55
duen 14 17.7 6 5,600 3 78.72
due 15 125 4 300 8 74.32
durn 16 16.0 2 100 9 75.58
duan 17 25.8 2 1,500 4 80.56
duAn 18 20.6 2 1,250 6 71.62
duAn 19 13.8 2 500 7 49.20
duAn 20 22.1 3 1,300 3 79.46
dum 21 24.1 1 100 5 80.56
dupn 22 24.1 1 100 10 79.44
dupn 23 18.0 3 3,000 6 76.03
duen 24 20.7 1 550 8 71.43
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d‘ U ! a ¥ U
A1519% 3.1 AregsduAluNITVnaes (nB)

4 o . | L@EINsHEe U USuneuniswan |
YBAUAT - o 2 AMUdAUBUAUAT | YoMat
(un) Cavity (Bu)

duen 25 20.7 1 550 7 71.43
dup 26 15.3 1 1,100 2 69.70
duen 27 25.0 2 2,000 6 120.41
Aurn 28 16.0 1 1,000 5 63.77
dup 29 20.6 1 200 9 79.23
Aurn 30 20.7 1 270 9 79.23

31NM1399 3.1 freg1eduarlunsmaaesdiuiy 30 Freg1edudn takandislayg

[ | a

NMSHARAS 9 lauA LIaINSHER, 91UIU Cavity, USunain1swds, Judeeuduan uag %Mat

Aladnfiarsanlunsyuiuniswde WWesindayan1sudnsie o Uinaneiiain1siausi

YBITLUUNTHAR LALLIANAIUDUAUA ANUANANLANAIINY LAELIAINISTYINIUSINYDINIT

Y

HARANNTaAALAINNAINISHARAMAIEUTINUNIHER N RadNElaNITeIY
97U Cavity 3992 lANAGNEVBIIAVININIUTINVOINITHAR 8NFAIDY1UTY FUAT 1 WU
AINITHAAYINAU 19.2 U 91U Cavity 1WINAU 1 kagdTuian1swanyindu 100 Tu

(% q’.J/ U s o a v I W a a a b=}
PRUUNAANTUBILIAINNIUTIUYDIAUAT 1 38NNV 1,920 31U 1A8IAINIINANATD Cycle

a 1% o

time A0 IUNIIHARAUAITIUIN 1 FUU 71U Cavity ABIIUINEUATIULURUN

1 wuuston1sUnTugUTImag 1 St andieeugu Cavity Wiy 2 Ao Wil 1 wuy @1313e

;4

Uugugundnduaily 1 age ladman 2 Juau waguSnunisianfeduiuduainesinis

¥
[y

HAR wonIINTiudsoudua1mIe Due date Aotunaziiaganiglunisdsuesudualiiu
andn lnenignAianelanagliideAldingannisdadumlidiuina dsimuaduinaingnen
wiadonnassiuiuszninignAiuaniuusznaunis uar %Mat Aeilesidudnislduselev

Y033n9iu lunszuiunstuugunindusivuinvesingiuildasiuegiuriinuasduaii

a

ASNAR NUIAUINEINAAFUAIBLANTGINU I T LURNNLUNSNARYUIALEN LeLTTRnAU

q

Tunrsudnvwinlug JaduvweildunzauazdmalindoayingAvannisudadudiuiu

'
a o

170 WALAINAANISITUSE EvUVDITRNAAUANININMUNIEVDIDIANTEA BNFIBENY AUAT 1

9

¥
=

wudndl %Mat Wiy 48.29 Wesidus nunedslunseuiunisUadugundndusidimeingfiu
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widea1nn1suanunds 51.71 wWesiwud uainisldingavlunisudniies 48.29 wWesidud
ity sy Tnewesifuinsldusslenives ngAvansaswmnlfmiminundsdans
Fenminreusin
LLazmﬂmsﬁﬂmLLa35’;113';%@13aﬂwmumi%w"gugﬂNamﬁmeﬁmaﬂiamumiqﬁmﬁ
WaNERn ‘W‘U'jwﬂszmuﬂﬁ%mﬁugﬂmémﬁwﬁﬁ'uéfumﬂmimqLm'uﬂuﬁawuLﬂ%'aﬁﬂimswam
FausuiiiduingAudmiunsndauazvuausuianiildlunisndnazwinfuanuniees
fngAuauisvuInvenaosinansranty 1 snfegadu minwuiaingRuvessanuei
wiT U 410 GadLuns YuIAT0A3 899NT A WINAU 1,300 Ta8WNAT WATTUIATOS
1A3 99905 B VAU 1,000 fadiuns azdamalivuiaukuiuiuouasoesns A azvinfu
533,000 MS19IAAIAT LATVUALHURLTI00ASRISNT B 91U 410,000 A1sneiiadiuns
Mnurztul Ruve W n A1 6 09n13WEAI198IUNAS DT NTIHAR T Ru I
WULUUAMS UNITHAALAZIUIA YN N LN T UNITHENIZYINAUAIINAT LAY AU IV
LN NN AAI8TIUIU Cavity BNAT0E10YU NINAIUNTIUAZAIINEIIVBILINUN VDY
NAnSoeiudaninfu 325 Jaduns uaz 450 Tadas AUERU wavsiuau Cavity Wiy 1

LAINAAVUIAVDILUNLININAU 146,250 AIS190AALUAT N899 TUATBIINTAITHAN LY

v ]
= a ¥ A

A5U LT USUNEAN N 1agAINua1u15ntunIsAAa UlANANAUAIUULAS 89905 A WA

Y

6V [ (%
v a

1A3899N5 B dnsulutugurealssnundnussadusinatainiy 3eia1sanlaainnig

Y

(% ¢

WsuurunawiRasivesan dasiiurunausuiuiveanseadnsiu 5 9NAIDYNLTU KN
PUIAVDILN RUNDINE AT U AT VI 166,250 715190 aAL0RAT VUIALKURUT V09
1A3 999N A WINAU 533,000 A1519088L1LAT LATIUIALAURLNIDILAS 099NS B 1YnfU
410,000 M31dadwns MdnaulananEuAIULATEITNINITNEN NUIULRUTv WA T

YUIAYIINU 146,250 A15190a8LUAT AAINNAINITOIUNISHANUULASBIINT AN UATDITNT A

a a

LAzlAIeIiNg B winswAnuuaIssdnsusaziagosardawalinisldussloviivesingdud
uansnsfy 1esannisdndulandnuuniosing A axvildivdelrvingiuainnisade
wnninssdeuwedosins B deundnoludenaunumskdnduiudosdiniesdefitag
Tunsddulandeauduueiesinsiivmnzaudneiilinmslivsslovivosinghufiuuniy

) A ) a a v a ) 1 ) A
FIPNUANNNTOVDUATOIINTIUNISHNARAUA LY IUNITNAGDY 30 F9E19 LANIAIAITIN 3.2
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Y

NUNBNUNUNVDIATD9NT (MF.UY.)

yiaAuAn | WuiiwdiRuw (A — —
LAIDIINT A LA99493NT B
duan 1 146,250 533,000 410,000
du 2 438,750 481,000 370,000
duf 3 438,750 481,000 370,000
duf 4 156,350 559,000 430,000
duf 5 156,350 715,000 550,000
duf 6 234,525 559,000 430,000
duA 7 78,175 481,000 370,000
duA 8 439,900 793,000 610,000
duf 9 78,175 650,000 500,000
duAn 10 78,175 650,000 500,000
duen 11 469,050 585,000 450,000
dupn 12 312,700 559,000 430,000
Aurn 13 469,050 845,000 650,000
duen 14 469,050 689,000 530,000
duen 15 312,700 650,000 500,000
AU 16 156,350 845,000 650,000
dupn 17 156,350 845,000 650,000
Aurn 18 156,350 481,000 370,000
dup 19 219,950 650,000 500,000
Aup 20 438,750 533,000 410,000
duan 21 78,175 559,000 430,000
dupn 22 78,175 559,000 430,000
dupn 23 234,525 585,000 450,000
duAn 24 78,175 585,000 450,000
duen 25 78,175 585,000 450,000
duAn 26 78,175 520,000 400,000
dupn 27 219,950 741,000 570,000
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= 4 o ]
AT 3.2 ANUAINITOVDILATDIINT (71D)

N NufwsiuiuvauaTasing (as.uw.)
vladua | WU (ns.uu.) T .
LAT299NT A \A3999N35 B
durn 28 78,175 481,000 370,000
aurn 29 78,175 559,000 430,000
durn 30 78,175 559,000 430,000

3.4 @ieuuudnassaatumsalnszulaunisuandagliu

o

dlefnwuazsiusudeyanszuaunM TR ULAZNTIRA T UNSHANLESINED 931
ToYar19 9 VBIlTIUNEAUTINUNNAIERNAUTUNTATIUUUTIABINTEUIUNTIRG Y
nsudndagiu Msddunuideluaseliagldlusunsudnassaniunisal Flexsim simulation

ql I~4 Qj' Y Y o e‘d'd a L4 o
software FWJUTUTWNTUN AL UUIIADIF0IUNNSAINLNITEULUUADIUNNTAINITYINGUY
YITEUUNITNNIUAN lﬂ’iﬁﬁlzLﬂUi%U‘Uﬂ’ﬁN’SWiUQ@ﬁ’]‘Mﬂﬁ@J ANSUSANS SLUUIUAS
FIIN5aT1mvUTIaesatenislggunIu Wudu deaunsavili g uRaunsiuis
UsednSnnuarUseananaveinssuiun1syinny wemuuimistunisuiudsaunly Wensiu

Y < o a o Y o a (Y] o
LI losdananunsadiunisusslswiledyminisvihaulaviuiadudiwuuinaes

cd v X A v A va A = o a a a v
anunsainasWulaeNlidesuuness tileansunu szaziia wasiiuusednsainlusu
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TumsUszananammmeuiinfiganudoulunazded invesnszuiunisndn Jailduneuns
Snddunauadiaiesing e
3.1 wenguausianuadildannd unoud 2 auaruamisalunisndnsures
RECSIE
3.2 avhaunnvesnguugestildanduney 3.1 Tngldlusuns Flexsim
3.3 #3513 niugnssuiildainnisi@euldn Visual basic for application uulusunsy
Microsoft office excel Uszananamadunisudnuazinoudivangan 3ddunounis
Ussananalngliifidsiugnasy fuelud
3.3.1 NSMVUATUIAVBIUTEYINS
3.3.2 MaasaUszrnsiaudu (Squenaian)
3.3.3 Mt wuailaiduingusgasd
3.3.4 MyUsziuAnainuIIvesUsE I sEudy
3.3.5 N13AWINIAT Fitness value Ingld Fitness function
3.3.6 NMIMwINIAIANLz T (Probability) yosUszrnsSudu
3.3.7 msAnden (Selection) Ingl¥3533da316nd (Roulette wheel)
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3.7.1  YFuugesunuuidnaadlunisvingiu 2D %3e Process Flow
Tupoudl 1 adamsegrudoya ioUszananamudanaifiuuulusunsy
Flexsim dmsudumanuanansolunisd ugandadueiuazanuannsalunisndnes
1309905 Tarmualidonn31997 InputData wanesaguil 3.18 Tnonadwsilaainnis
Ussanawadongueuilifululdiamualunsndnduduuedosinnifertusaznanfeaiu
Fetoyathidonmananuumsngudeya Usznause

1) Customer Name Ao Jonansnsivesgnin

2) Material Type fg ¥invasingau

a

3) Material Thickness fi® AUNUIVDIINOAU

9

4) Material Width Az Aundnevesingiu

5) No Cavities A SrurunAafusilunsdfisun 1 wuusdenstinduzudiuam
1A%y

6) Mold Width fig AUAILNNUNUDINEN W

7) Mold Length A9 AIMUENILLNNNUDINERN 89

8) Mold Height fio AIMgwINaiveIHEnsioue

9) Area Mold e Wuflulfiurivenansios|

10) AreaPlateMC A fie Huiluriufisivessdnfurinsnanuueionding A

11) AreaPlateMC.B o Wuiluiufsnivesdnfaurinsnanuueiosdng B

12) Cycle time Ao LIANISHAATEILTRAY 1 uLVADNITINTUTUTIUIY
1 ase

13) Quantity A8 SAuIUNBRSATARe AR LA

14) Due Date fle Mwuadswaudumlviiugna

15) Group A $1UIUNGUIUT aLNTaNEAULLAS BT NsIAEIT LLATIIAN

a U
bAYINU



25 Model /TTRBIEEY. ] setMachine [ InputSource

aq

Row 1
Row 2
Row 3

Customer NamslMaterial Type |Material Thidmessl Material Width|No Cavities| Mold Width
410

AuA 1 APET-ANTI 0.70 1 325
dudt 2 APET-ANTI 0.60 37 3 325
dud 3 APET-ANTI 0.60 370 3 325
FAurt 4 ApetB 0.70 430 2 265
AUA1S ApetEB 0.70 550 2 265
Aud1 6 ApetB 0.60 430 3 265
Aud1 7 ApetB 1 370 1 265
du1 8 APET-Clear B 120 610 4 265
Aud1 9 ApetB 0.80 500 1 265
du 10 ApetB 0.80 500 1 65
Audt 11 ApetB 0.50 450 & 265
dusr 12 ApetB 0.50 430 4 265
Aud 13 ApetB 0.70 650 & 265
FAur 14 ApetB 0.70 530 3 265
Au 15 ApetB 0.50 500 4 65
Aud1 16 ApetB 0.50 650 2 265
fud 17 ApetB 1 550 2 265
dAud 18 ApetEB 0.70 370 2 265
Aur 19 APET-Clear B 0.50 500 H 265
Aum 20 Apet anti gju 0.70 410 3 325
Aus 21 Apet o 1 430 1 265
Au 22 Apet wmiian 1 430 1 265
Audt 23 ApetB 0.70 450 3 265
Aur 24 Apet B weimben 1.20 450 1 265
Fud 25 Apet B ifimthor .20 450 1 265
Fue 26 Apet wambian 0.50 400 1 265
due 27 APET-Clear 1 570 2 265
Fud 28 Apet B wfimtho 0.50 37 1 265
Aud1 29 ApetB 0.70 430 1 265
dus1 30 ApetB 0.70 430 1 265

gﬂﬁ 3.18 #1354 InputData

Mold Length| Mald Haightl Area Mnldl Area Plate MC.A| Area Plate MC.B|Cyde ﬁmel Quarmtyl DueDate | Group
450 30 19, 100

450
450
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30
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25
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35
30
25
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35
25
25
25
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U Mrualiged SetMachine wandragun 3.19 udasiendmsunananainslade

N1SNANAURUIIYRINTEUIUNITHER IAgAIMuAlAY0A151937 InputSource LanRI3y

71 3.20

#% Model [ InputData [T SEmEhRe® ] InputSource

Group |ﬁacﬁ1&_ﬁ. _|Mgci1ineB |

U

=
n
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3.19 m11919 SetMachine
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#5 Model | [ InputData [ SetMachine ] nputsouree

IternNarnel Quantity | Type | NumCavity | Cyde‘l’lme| Machine |
Product 100 1 1 19.20 1
Product 1500 2 3 13.50 1
Product 1500 3 3 18.50 1
Product 1500 4 10 20 1
Product 5000 5 3 16.60 1
Product 2500 & 3 25.80 1
Product 1000 7 4 23 1
Product 200 8 2 18 1
Product 2700 9 ] 16 1
Product 1600 10 10 17 1
Product 5350 11 8 20,60 1
Product 500 12 2 13.80 1
Product 1300 13 3 22,10 1
Product 200 14 2 24.10 1
Product 3470 15 5 20,70 1
Product 1100 16 2 20,70 1
Product 1100 17 1 15.30 1
Product 2000 13 2 25 1
Product 1000 19 1 16 1

5U# 3.20 #1379 InputSource

JuRBUN 2 N15as19eanasnulagldaseaila Process flow UulUSWASY

Flexsim Uszanananiduaunguauiauei dululiuazanuaunsaveunsosdnslunis
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o SOUINCE A
1§ fesign AreaMold
% Assign ArsaPMC
5 Custivm Ciocle
@ fesign Matesial
@ Assign Malkd
— 8 hasign Pair
3 Sin
i Job + 1 & Last Job?
&, Group Duplicte? % BEnd

IEI Add Greup & Maching
[ Custorn Code

&) nsgign Labels
’ k.i. “ l -
M. Same MatType?

&, Sammi MatThick?

. O kg 3 e
i nssign Labels
8 hasign Labels
Custorn Code
8 Assign Labels '—-—-h..l
r'_'_‘_‘—'-l‘ﬁ:l Pair + 1
&, Lagt ?-ldil?
b Product on Macie 1
Assign Labels

Custorn Code

W% Assign Labels
Custorn Code

\

8 s Labels

& Custoen Code
JUN 3.21 MmyasweanesriaulagldinTesile Process flow

3.8 USuuzadsdnansulaglduuudaaesiuiu Amazon Web Service
3.8.1 Uiuusawuuinaaslunisiineu 3D vulusunsa Flexsim
%gumauﬁ 1 m'iif?ﬂﬁ’l Queuel luuau Triggers 1dan Add a new trigger > On
Entry > Directly edit code for this trigger Finiena Queuel - On Entry Ti@gulusunsy

WiAuLedA L uusassliaduaisunisuanmdululanavuasmnlusl@ WERaRagUTn 3.22
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ToEETCTE - x
| [ |
L |
2 Object current = ownerobject{c);
3 Object item = param{1}; ]

4 int port = param{2};

5

& Array sequence = Model paramsters Sequencs;
T

8 forlint i = 1; i <= sequence.lensth; i++)

9 iflitem.Type == sequence[i]}

10 itemn.SegOrder = §;
1}
12}
(7] ﬁ' v B * Apply All Apply Ok Cancel

SUl 3.22 madaruuusaesfioadusiunianan
Funeudl 2 N13ReA1 Queue2 waz Queue3 lidsdudnlunaniiniesdns A
waziA3 83305 B audaulunisudn Taeadndluay Toolbox > Add a tool the model >
Global List > Item List finti1eing List Properties — ItemList1 1aan Add fields to the list >
Label ¥n1sidsudoan labelName «Ju SeqOrder i ItemList2 Tngvinnssaen
TWwmiloudiu ItemListl Viavun meﬁﬂgﬂﬁ 3.23 1{109111399AN ItemListl wa ftemList2
i@Saudravimssnarnluiay Output ¥e9 Queue2 uaz Queue3 lnefiAds Send to Port
T#idan Choose from various pre-defined options > Use List > Push to Item List fidoula

List ¥8 Queue2 vilin ItemList] Laguas Queue3 liildan ItemList2 uwansfagui 3.24



#% List Properties

- [m]
Ttemlistl

Fields  Back Orders General

g v

i Label Field Type f (] Dynamic

i Label Field SeqOrder A [ oynamic
Expression Field age 8 oynamic

" Expression time() - pushTime - & /
Expression Field distance @oyramic X

" Expression Straight-Line Distance From Ttem to Puller - & /
Expression Field queuesize @oyramic X

" Expression wvalue,up,subnodes. length - F f

o0& Apply

U7 3.23 msserilumtieing List Properties

‘ Queue? Il—E \')
+| Statistics 7 ?
+| Visuals i ?
+ Labels AR ?
||1| Quene ﬁ': ?
| =) Output R ?
Send To Port
Push to [temList1 v i&F A
Condition
true A ﬁ-:- _?_
| List VY
|'|I‘EerEList1_ . ¢ A% )
Partition ID 13 r
D -
i

5U#l 3.24 nsisen Queue? iunu Output

Cancel
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TUNOUN 3 N197 9A1 Queued Lay Queues 7 Hay Input TLdan Pull

Strategy waziaan Choose from various pre-defined options > Use List > Pull from Item

List ictouly List w99 Queued THiden ItemList] wazwos Queues Widen ItemList2 uazi

AN

[

41 Pull Requirement 1dan No Requirement LLamﬁﬂgUﬁ 3.25

d
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-l Input B ?
B rull strategy
Pull from ItemList1 RE=EEV 4
Condition
|true | > & ’
| List 2
|| ttemList - -
; Query
|DRDEF‘. BY SeqOrder ASC | a
Partition ID
o |+
B Remove from List on Success
B 2dd to Back Orders on Fail
£

U7 3.25 M36se1 Queued Miau Input

¥

Funoudl 4 n1saAn Sinkl Auay Triggers 1@9n Add a new trigger > On
Entry/On Reset > Directly edit code for this trigger > Data > Set Label 7 Object T4

wWasudy current 7 Label liuasudy “EndTime” uazd Value Tiuaswdu Model time

WanaRagun 3.26

¥ snki Tt T8 Q
4| Statistics FEL
| 2] Visuals & 2 '|
— Y
F b2 i P ¢ CaclAS
i I FITNATUNL cae ?
Ports ko
|-] Triggers ?
# -
On Entry
[' 4| setLabel
| Ohject |current |v F
b
| Label |'End'|'|me' |v V.
Value |Hndel.h'me |v F
as

g‘d‘ﬁ 3.26 N15AaAN Sink1 Ay Triggers
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3.8.2  asAwislmasinaniansunisuanmidululansuauulusunsy Flexsim

JUABUN 1 N1AIAIHINTU Parameters lagadnfikau Toolbox > Add a

tool to the model > Statistics uagidon Model Parameter Table antuviAsERLS LY

| '
v A

Parameter MMUTIUIUNANNUAAUNILANIMUAINNTTUIUTUNTUKAEYINNTANUAATS
904 Value Aenalull uazuanaiagui 3.27
- Bouly Type Tidonidu Integer
A ! |
- Jeouly Lower Bound Tldnunatas 1 uag Upper Bound Tildununeias 1
A a a o Y
NI9NUBLAY 2 1A8UUNULaY 1 WNUEAINISORAAUULAT99NT A A uazuuielay 2 uny
AN5ARAAUULATE9INT B 1o muReulunisuanuutasssdnsnunsululusunsulaee1eds
31NA1T18 SetMachine
P Yy  a QJ' .
- 3ouly Reference T1o198lU1m1919 Arrival Sequence 284 Sourcel Tu
o ea
ADANT 6

- ﬁauisu On Set T9Lan Set Node Value

ﬂ ProcessFlow —_|_|-l Parameters ;\' PerformanceMeasures
1

Parameters 20 =1 | % 3
Mame Value ] - Display Ll
Produce G1 on machine i| -

Produce G2 on machine
Produce G3 on machine i Integer ~
Produce G4 on machine Lower Bound 1 -

Produce G5 on machine

Upper Bound 2 -

Produce G& on machine - - ~
Reference [Source 1=variables/sequence farrival 1/Mact ‘,"

Produce G7 on machine
Produce G8 onmachine . | On Set Set Node Value B e 2
Produce 53 on machine T

Produce G10 on machine 1

v a1

'gﬂﬁ 3.27 MruUAR&INTed Value Tun1sisen Parameters

INUULAN Parameters 13971 Sequence BAIMUAGIAUNITHANTINUA
Tagvinnnsneanaes Value seil ouly Type idenafinlu Sequence wagdl Seq. Length

o o 1 U o 1 gj dl 4 U L dl
ﬂ']ﬂﬂﬂﬁ]?ﬂ'.mm’]ﬂU‘\]’WU’JUﬂquﬂ’]LWNWLIG]V]iﬂ’ﬂ’]ﬂﬂ’]iiﬂiﬂil,mim LLﬁﬂWN‘E‘lJVI 3.28
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gg ProcessFlow m h PerformanceMeasures
|

Parameters 20 =%+

Mame Value Digplay |
Produce G1 on machine

Produce G2 on machine
Produce G3 on machine
Produce G4 on machine
Produce G5 on machine
Produce G6 on machine
Produce G7 on machine
Produce G& on machine
Produce G on machine
Produce G10 on machine
Produce G11 on machine
Produce G12 on machine
Produce G13 on machine
Produce G14 on machine
Produce G15 on machine
Produce G16 on machine
Produce G17 on machine
Produce G18 on machine

[ [ S R U IO S G O O O (O (G S I (O T T T

Produce G19 on machine
Sequence [1, 2, 3,4, 56,7, 8 9 10, 11, 12, 13, 14, 15, 15, 17, 18, 19]' -

Type Sequence w
Seq. Length 19 -
Reference Nane V4
On Set & @ =

35U 3.28 113631 Parameters 713931 Sequence

JUNDUTN 2 N15H9AT Performance Measures agaanyikau Toolbox > Add
a tool to the model > Statistics WazLaan Performance Measure Table 31014 U115
AMUUATBUBY Performance Measures 71 EndTime warfdad Value TuAndaluswnsy

wanaRagun 3.29

__SE;‘PrﬂooessFlow i Parameters |\ PerformanceMeasures ¥ X | Properties
i
Performance Measures 1 = | X r @ 0 Il
MName Valus |D|splay Units: |Descr|pt|cv
EndTime 0| -
Reference  Mone ”
Value Custom Code - &5
~ - m] x
TSUPanel - T X
[ i
1

2 treenode reference = paramil};

3 treenode extraData = param(2);

4 treenode repData = param(3);

=

6 return Model find{"Sink1") EndTime;

9 Fv ED ~ Apply Al Apply OK Cancel

gﬂﬁ 3.29 A15A9A1 Performance Measures



3.8.3  A9AHaNYU Experimenter unlusunsy Flexsim

52

TUADUN 1 n1909A 1IN TU Experimenter lagAdN7 wayu Manu Bar >

Statistics > Experimenter vti1919fl4ridu Experimenter Uansiagud 3.30

#% Simulation Experiment Control

;SCEHBFiDS Experiment Run  Optimizer Design  Optimizer Run  Optimizer Results  Advanced

| Parameters

Scenarios mp K 4@ =

Set model to selected scenario

=-{Jparameters

+{JProduce G1 on machine
[ JProduce G2 on machine
[ JProduce G3 on machine
t-[JProduce G4 on machine
E----[:]Sequence

JUT 3.30 ntiwneuanstavaeileidu Experimenter

& ~ & . I a o = a & al
YUADUY 2 NITHNALAU Scenarios LUUﬂ’]iLa@ﬂmjLLﬂﬁﬁia‘quqmLm@imi‘%ﬂu

o
s

N15MAARY lAEN1SARNLARNAILUINITONITNHNBTNIMUATIABINITIINITNAEY LaAIRIFY

i 3.31

#= Simulaticn Experiment Control

Scenarios Ewperiment Run  Optimizer Design  Optimizer Run  Optimizer Results  Advanced

Parameters

Scenarios o K 4 =

set'model to selected scenario

=-E@rarameters

@ Produce G1 on machine
B rroduce G2 on machine
B rroduce G3 on machine
: ﬂProduce G4 on machine
ﬂ Sequence

U

Parameters - Produce G 1 on machine

Parameters - Produce G2 on machine

Parameters - Produce G3 on machine

Parameters - Produce G4 on machine

Parameters - Sequence

1
1
1
1
1,234

3.31 ANSAIAILAU Scenarios
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[
Y

Junauil 3 N136IAMAU Optimizer Design un1simuningUssasduas

Y
1Y [y

ToAVIN1ITNAGDY L IngUseaiAvainIsnaaeInaNI s dugAvaLuUTIaadu

ign N13AsAMAY Optimizer Design wanwReguy 3.32

#% Simulation Experiment Control - O X
Scenarios  ExperimentRun  Optimizer Design  Optimizer Run  Optimizer Results  Advanced (7]
Objectives g ¥ Constraints g X
Active | Function | Direction |
Objective 1 N [EndTime] Minimize

;J‘Uﬁ 3.32 MIAIAMAYU Optimizer Design

[ ' (%
a (% 1

Tunoudl 4 n15AAILaU Optimizer Run tdunisinuadeulalunism
fneuivanzauiian lnefives Run Time 1umsivuanatdudauesuuudasduusias
59U 909 Wall Time tunisimuaaigsgalun1smainey uasyes Max Solutions vJu

o o a v o a a le’l . . < o
ﬂﬂimuu@mmuwmmmimmma‘ummmzawqm u@ﬂﬁﬂﬂu‘ﬂqll Optimize WUNITIAIRBU

£
(Y

Mvangaunaanueulenlanmuald lngszeznailunismaineulzivegiussesiiaily

LUUT18BI4aETIIUNADINTM AR UL ZaNTEn N13AIAIMAU Optimizer Run wamAgsa

a

IUN 3.33
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#% Simulation Experiment Control - [m] X
Scenarios ExperimentRun  Optimizer Design  Optimizer Run  Optimizer Results  Advanced Q|
L End Time  |18:00:00 || 8f11f2021 B~ Wall Time {seconds)  0.00
Optimize | | ) | —
Run Time 900000.00 Seconds w Max Solutions 100
Warmup 0.00 Seconds e
() Show advanced options () Run multiple replications per solution [CJManual stop only

JUN 3.33 nsmuuaeululuuau Optimizer Run
Junoudl 5 lulau Optimizer Results AZUAAIAINBUNINUAT LAIINNITTU
Optimize tnafiunu x Wudduvesdmeuiilululavionun uazunu Y iluinguszasdves

o

N3NAaeY uanNUAmeUlaanNsTuM maaesaansaduiinlug Uuuuvesguamlan

FNA3 Export Screenshot wagduiintugusuuvainisne Excel lafiAnds Export as CSV uans

Flaguit 3.34

#% Simulation Experiment Control = [m] X
Scenarios  Experiment Run  Optimizer Design  Optimizer Run  Optimizer Results  Advanced o |
Optimization Control Optimizer Results
Stop

Graph Options
Highlight Best Solutions
Show Legend [/}

¥ Axis: Single Objective

X Axis:  Solution ID ~

Color:  Blue ~

Size: 1 e
Output Options

Export Selected Scenarios
Export Screenshot

Export as CSV

JUN 3.34 Msuanadneunamuailaainn1ssy



55

3.8.4 fsAwwannasy Amazon web service

Amazon web service Wuunanesuiiioraglunsuszananadeyauussuy
AR UNISITIUNIDUmesn TaefialdangTunstrusnisaiunisldauass n1sdean
SEUUNSUTTLNAaNaAAIALTURBURIRB UL

Fupoudl 1 n1sdarduiialtnlduLnannasy Amazon web service Lang
AIFUN 3.35

aws
Sign in
" AWS Skill Builder
Your new learning center to access
vl 500+ free digital courses
uuuuuuuuuuuuu doress @
[F——

E‘Uﬁ 3.35 MNANLNAANBSU Amazon web service

(%
[

Fumaul 2 N15Waldeu FC2 instance agtdun1sasne Virtual Server Yuan
199U Faa1U190L8DNVUIAVBINSWEINT A P1UAINADINNT T 1T uruInvee CPU,

Memory %38 Disk lagidaniaAnde EC2 AagUn 3.36 31t uasdsinguinsinean1sasng
Instance wanasiagUn 3.37

¢ Recently visited ot

Rl EC2
AWS Budgets
ja!

}2 Support

i AWS Cost Explorer

View all services

U7 3.36 MaidenAda EC2
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Resources EC2 Global view [2 H C H ® ‘ Account attributes ‘ ]

sing the following Amazon EC2 resources in the Asia Pacific (Singapore) Region: Supported platforms (2

Events o VPC
Instances (running) 0 Dedicated Hosts o

Tags Default VPC 3

vpc-024¢397615b86961a

Settings

@ Easily size, configure, and deploy Microsoft SQL Server Always On availability groups X
on AWS using the AWS Launch Wizard for SQL Server, Learn more

Explore AWS [ x

Launch instance Service health
SHTND 4 t Amazon GuardDuty Malware Protection
v 0 get started, Launch an Amazon EC2 instance
mages rtual server in the cloud (¢] AWS Health Dashboard (2 ‘ GuardDuty now provides agentless malware

AMis detection in Amazon EC2 & EC2 container

SUN 3.37 NUIANNNISESTY instance

Y

1 '
g a

JUMBUN 3 TuAda Launch instance T¥Aand Launch instance wagtasn

Launch instance tiea319 EC2 instance Tun1suszananauuna1ig uannagui 3.38

EC2 Dashboard
Launch instance

To get started, launch an Amazon ECZ instance,
Events ‘ which is a virtual server in the cloud.

EC2 Global View

Tags

Limits

Launch instance

¥ Instances

1stance fr
Instances

Ins&nce Types Note: Your instances will launchyin the Asia Pacific

(Singapore) Region
Launch Templates

sUN 3.38 nstaanAas Launch instance

Y

o '
v a

Tunau? 4 TuA1de Name and tags Tild%an3no5u1eve Instance mul

AOINTT WAAIAIIUN 3.39
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EC2 > Instances » Launch an instance

Launch an instance i

Amazon EC2 allows you to create virtual machines, or instances, that run on the AWS Cloud. Quickly get started by

following the simple steps below.

Name and tags infe

Name

Help Processing on Flexsim Add additional tags

U7l 3.39 Tddevdormedune instance
%’Iu@auﬁ 5 Turnds Application and OS Images (Amazon Machine Image)
awdumsimuarendisiiugiu Ysgneuludessuuufiiinise 4 ladd1asdu Amazon
Linux, macOS, Ubuntu, Microsoft Server, Red Hat 1Jusiu n1sinunszuuufifnisves
nsnaaeslirdniluay Quick Start wagidenszuuUfuanisidu Windows uansdisgud 3.40
TuFds Amazon Machine Image (AMI) tdan AMI @1%5U Windows Server 2016 Base Ty

'
=

T waehill AMIs NI9udaA1U31 Free tier eligible wanaAszUN 3.41

v Application and OS Images (Amazon Machine Image) info

An AMI is a template that contains the software configuration (operating system, application server, and applications) required to
launch your instance. Search or Browse for AMIs if you don't see what you are looking for below

Q, Search our full catalog including 1000s of application and OS images

Quick Start
Amazon macO05 Ubuntu Windows Red Hat S Q
Linux
Browse more AMIs
>
adws ubuntu® | B Microsoft || o RedHat Including AMis from
AWS, Marketplace and
the Community

JUN 3.40 M3tdensyuuyuRn1s Windows



Quick Start

Amazon
Linux

aws
~—

mac0S Ubuntu Windows Red Hat

ubuntu® | BfMicosoft | @ RedHat

Amazon Machine Image (AMI)

Microsoft Windows Server 2022 Base
ami-05c69a3ca73316eec (64-bit (xB6))
Virtualization: hvm  ENA enabled: true  Root device type: ebs

Q

Browse more AMls

Including AMis from
AWS, Marketplace and
the Community

Free tier eligible

Q

Microsoft Windows Server 2022 Base
ami-05c69a3ca73316eec (64-bit (x86))
Virtualization: hvm  ENA enabled: true  Root device type: ebs

Free tier eligible

¥ Summary

Number of instar

1

Software Image |
Microsoft Windor
ami-05c69%a3ca733
Virtual server typ

t2.micro

Firewall (security

New security gro

Microsoft Windows Server 2022 Core Base
ami-0d242898e08a12a59 (64-bit (x86))
Virtualization: hvm  ENA enabled: true  Root device type: ebs

Microsoft Windows Server 2019 Base
__ ami-09cb66df1d30df07b (64-bit (x86))
Virtualization: hvm  ENA enabled: true  Root device type: ebs

Microsoft Windows Server 2019 Core Base

Free tier eligibl

| Microsoft wWindows Server 2022 Base |,

Free tier eligible

Free tier eligible +

¥
Y

Y

sUTl 3.41 Fon AMI Ju Free tier eligible

1 volume(s) - 30

Cancel

Tunoun 6 lud s Instance type L un15AIRUARILANIZ VDS
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CPU

WEAINTT NUNTANU LazaIuquana3evie tngliidenil t2.micro wesainidu AWS

free tier ianunsaisenly Instance lanngie 750 Falugsieifion wanIRagu 3.42

¥ Instance type info

Instance type

t2.micro

Family:t2 ~ 1wCPU 1 GiB Memory

On-Demand Linux pricing: 0.0146 USD per Hour
On-Demand Windows pricing: 0.0192 USD per Hour

Free tier eligible

Q

t1.micro

Family: t1 TwOPUy, 06712 GiB Memory
On-Demand Linux pricing: 0.02 USD per Hour
On-Demand Windows pricing:0.02 USD per Hour

t2.nano

Family: t2 TvCPU 0.5 GiB Memory
On-Demand Linux pricing: 0.0073 USD per Hour
On-Demand Windows pricing: 0.0096 USD per Hour

Free tier eligible

t2.micro

Family: t2 1TvCPU 1 GiB Memory

On-Demand Linux pricing: 0.0146 USD per Hour
On-Demand Windows pricing: 0.0192 USD per Hour

Free tier eligible

t2.micro

t2.small

1

iel

Y

iﬂﬁ 3.42 \d0n Instance type W t2.micro

Funoudi 7 lusds Key pair (login) Widen Key pair 1uuszinn RSA ile

5895UN99MUVRTEUUU UANS Windows uanedisguin 3.43
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v Key pair (login) info
You can use a key pair to securely connect to your instance. Ensure that you have access to the selected key pair before you launch
the instance.

Key pair name - required

FX-TestO1 A C  Create new key pair
| Q | ||ecrypted password to connect to
|| Proceed without a key pair (Not recommended) Default value
FX-Test01

Type: rsa FX-Test01 —

5U#l 3.43 msiden Key pair

Junauil 8 TuAds Network settings wagA1ds Configure storage Tdanld

N13AUAAIENG 9 WWuTunaavesuivualy Lanadagui 3.44 uagguil 3.45 aueandu

Y

nuNAYL Launch instance

¥ Network settings info

MNetwork Info
vpc-093dcd028440dB52¢

Subnet Info

Mo preference (Default subnet in any availability zone)

Auto-assign public IP Info

Enable

Firewall {security groups) Info
ity group is a set of firewzll rules that control the traffic for your instance. Add rules to allow specific traffic to reach your

© Create security group () Select existing security group

We'll create a new security group called 'launch-wizard-4' with the following rules:

Anywhere
0.0.0.0/0 |

Allow SSH traffic from
Helps you connect to your instance

[] Allow HTTPS traffic from the internet
Tao set up an endpoint, for example when meating a8 web server

[] Allow HTTP traffic from the internet
Ta set up an endpaoint, for example when creating 2 web server

A Rules with source of 0.0.0.0/0 allow all IP addresses to access your instance. We recommend setting b4
security group rules to allow access from known IP addresses only.

'
[

‘31]1’71' 3.44 Ads Network settings
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Firewall (security group)

¥ Configure storage info Advanced

New security group

Storage (volumes)

1 volume(s) - & GiB

x| 8 GiB | gp2 ¥ | Rootvolume [Notencrypted)

@ Freetier: Inyour firstyear includes 750 X

hours of t2.micro (or t3.micro in the

@ Free tier eligible customers can get up to 30 GB of EBS General Purpose (SSD) or Magnetic storage X

Add new volume

0 x File systems Edit

Regions in which t2.micro is unavailable)
instance usage on free tier AMIs per
month, 30 GiB of EBS storage, 2 million
105, 1 GB of snapshats, and 100 GB of
bandwidth to the internet.

» Advanced details info Cancel

'
o

E‘Uﬁ 3.45 A1d4 Configure storage

1 '
% a

TJumnauil 9 1ienaUy Launch Instance wA7azUIINYUUIRIMAAINAIATIS

EC2 instance d1159 91ntulsindndiuy View all instances wandfsgud 3.46

@ Success
Successfully initiated launch of instance (i-03182c93da20ab2ae)

¥ Launch log

Next Steps

Create billing and free tier usage alerts
To manage costs and avoid surprise bills, set up

email notifications for billing and free tier usage
thresholds.

Create billing alerts [4

Connect to your instance

Once your instance is running, log into it from your
local computer.

Connect to instance [§

Learn more [2

Connect an RDS database (@&

Configure the connection between an EC2 instance
and a database to allow traffic flow between them.

Connect an RDS database [

Create a new RDS database [3 Learn more [4

SUN 3.6 NTANLANINANISES1e EC2 instance

Y

& d' = ! a v & = a 1 Va3
YUADUN 10 NISLIBUAD Instance NATNYUNN %ﬂ%%ﬁﬁmﬂiﬂw@u@@lﬂﬂ

ID Na$9¥unn MnuAdnfvy Connect Wanasagun 3.47

mollaN Status check ¥U31 checks passed Winlu N1si@auae Instance lAaNT Instance



Instance summary for i-03182c93da20ab2ae (Help Processing on Flexsim) info

Updated less than a minute ago

Connect

‘ Instance state ¥ H Actions ¥ ‘

Instance ID
i-03182c93da20ab2ae (Help Processing on
Flexsim)

IPv6 address

Public IPv4 address
18.1398.162.111 | open address [£

Instance state
@ Running

Private IPv4 addresses
172.31.2265

Public IPv4 DNS
ec2-18-139-162-111.ap-southeast-

1.compute.amazonaws.com | open address [4

Hostname type
IP name: ip-172-31-22-65.ap-southeast-

1.compute.internal

Private IP DNS name (IPv4 only)
ip-172-31-22-65.ap-southeast-
1.compute.internal

Answer private resource DNS name Elastic IP addresses

1Pvd (A)

Instance type
t2.micro -

VPCID
vpc-024¢397615b86961a [4

AWS Compute Optimizer finding
(@ Opt-in to AWS Compute Optimizer for recomme
ndations,

| Learn more [4

Auto-assigned IP address
18.139.162.111 [Public IP]

g‘d‘ﬁ 3.47 n15 Connect instance

[ ' '
v = [

JUMBUN 11 Ad9 Connect to instance TsitaankauAIda RDP client wag

AANT Get password 9n1UAANT Upload private key file (.pem) waadenld Key pair
Latuiinld uwagadniiyy Decrypt password viasanuulinden Download remote desktop
file wdavinnrilalua v vinnrsn1adlvan wazAnaonswan 1uyi 11919 Connect to

instance WaLUANTSITUUUTEUUAGTIA Uanesiaguil 3.48

Connect to instance inic

Canmect ta your instance i-05 182934 20abZse (Help Pracessing on Flessim} using amy of these options

Session Manager ROP elient ECZ serlal console

nstance 10

0318

: {Help Processing an Flexsim)

Cennettion Type

Q Connect 0P client 280k L hg Rt
C i 5

with your ROPERertand retrieve

sawear
warking
with 55M Agent [

Vol can connect b your Windows instance using a remote desktop clisnt of your cholce, and by downloading and
funning the ROP shorteut file below:

B powanload remots desktop file

Wihen prompted, connect to your instance using the following details:
Public DNS User name
ec2-18-139-162-111.ap-southeast-

1.compute amazonaws.com

Administrator

Password
vwIESIMEIIVEOUGM]p* CRItHROCIVFR

@ If you've joined your instance to a directory, you can use your directory credentials to connect to your

instance.

'
[

E‘Uﬁ 3.48 ANd9 Connect to instance
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Sunouit 12 Walderu Remote Desktop Connections Iﬁﬂaﬂﬁﬁm Connect
wagldswaruitlddnaenlindamniauazadndy OK a1nuassinguiineng Certificate
name T¥iden Yes vilianansaidngssuuuszananavunandld uansfasud 3.49 el
szuulsudalivinnisUauazau Instance Lieannidunsmaasumsldnuuuszuunaaiid

WNTIU

Hostname : EC2AMAZ-GNDI69D
Instance ID : i-036

Private IP Addres:

Public IP Address

Instance Size : t2.micro
Availability Zone : ap-southeast-1c
Architecture : AMD64

Total Memory : 1024

Network : Low to Moderate

P Type here to search

JUN 3.49 SEUUUTBIIARAULARTIN
TupaUdl 13 158379 Security Group Lt aLdanasanislaauuulysins
Flexsim Tlu#intinmnannsldenu EC2 Dashboard wagiden Security groups Tuadsnsly

97U Resource LLamﬁﬂ’gﬂﬁ 3.50
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@ New EC2 Experience %

Tell us what you think

EC2 Global view [

You are using the following Amazon EC2 resources in the Asia Pacific (Singapore) Region:

Resources
EC2 Dashboard
EC2 Global View

Events .
Instances (running) 0 Dedicated Hosts 0
Tags
Limits Elastic IPs 0 | Instances 2
¥ Instances Key pairs 2 Load balancers 0
Instances nev
Placement groups 0 Security groups 6
Instance Types
Snapshots 4 Volumes 2

Launch Templates

5U7 3.50 n15iden Security groups Tum&sn1slgeu Resource

Y

o '
U =

YUNOUN 14 ﬂﬁﬂﬁﬂm Create security group meﬁ’qgﬂﬁ 3.51 2gU31ng)

ninen15ase Tuges Security group name Wag Description lifinuuntsuazA1as U1

WARARagUN 3.52

Security Groups (6) info

E Create security group

Q 1 | A\ 1 @

Name v Security group ID - Security group name ¥ VPCID 4 Description v

5g-01651fbab06dffa37
5g-02bd14586bcch96f5
sg-033d52e596d0d9466
sg-036d987359a922d78
5g-09d8bdc1f7d37fa7c
sg-Oa7ef7d2elbebcsas

launch-wizard-1
launch-wizard-2
Secure-Group_Flexsim
Flexsim2021
launch-wizard-3

default

vpc-093dcd028440d852¢ [4
vpc-093dcd028440d852c [4
vpc-093dcd028440d852c [4
vpc-093ded028440d852c [
vpc-093dcd028440d852¢ [4
vpc-093dcd028440d852¢c [

launch-wizard-1 create...
launch-wizard-2 create...
Security-group-name

Has Flexsim, Webserve...
launch-wizard-3 create...

default VPC security gr...

gﬂﬁ 3.51 Uu Create security group

Create security group e

A security group acts as a virtual firewall for your instance to control inbound and outbound traffic. To create a new security group, complete the fields below.

Basic details

Security group name  Info
Flexsim-Security

Name cannot be edited after creation.

Description  Info

Flexsim2021

VPC Info
Q, vpc-093dcd028440d852¢ X

JU# 3.52 MsfvundeuazAesuney
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Fupeauil 15 n1sivua Security group 11 Inbound rules Fesalul uas
LAnaFagUT 3.53

- Type \Uu HTTP Tagld Port wihiu 80 way Source tu IPva uag IPv6

- Type \Ju Custom TCP Tagld Port winfu 9000-9007 wag Source 1Tu
IPvd wag IPv6

- Type \Uu RDP Tngld Port winifu 3389 way Source 1u IPva wag IPv6

Inbound rules info

Security group rule ID Type Info Protocol Portrange  Source Info Description - optional
Inf info Inf
sgr-0b12a043fbc404824 RDP v 3389 Custom ¥ | Q Delet
e
sgr-04d89285101b7b1fb HTTP v 8 Custom ¥ | Q Delet
e
sgr-000a7786548f5363 Custom TCP v 5000 - 8¢ Custom ¥ | Q Delet
e
40 X
sgr-093¢651524c439214 RDP v TP 3389 Custom v | Q Delet
00.00/0 X
sgr-04c3fd27663ce9568 HTTP v cp 80 Custom v |00 Delet
0000/0 X
sgr-050ff1eaa21567559 Custom TCP v 3000 - 9 Custom ¥ | Q Delet

0.000/0 X

Add rule

gﬂ‘ﬁ 3.53 N1SMUUA Security group T4 Inbound rules

Funauil 16 n13rwun Security group 1 Outbound rules Tagl Type
By AU traffic wagimmun Source 1 IPva wag IPv6 wansdsgud 3.54 91ntiunaty Create

security group

Outhound rules info

Type Info Protacol Portrange info Destination info Description - optional  Info
Info

All traffic v A A Custom ¥ | Q
e

Al traffic v| 4 A Amywh... ¥
e

Add rule

gﬂﬁ 3.54 N13ARUA Security group Tu Outbound rules
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JURBUN 17 N158519 Amazon Machine Image (AMI) Tagn15A1%un Launch

(%
oY [

instance 1UuszuuUUAnIs Windows 2016 server base a1nturinIsideuseiyu Remote
desktop
Junouil 18 AnAelUsnsH Flesxim UU Remote machine tioRAndaasaudn

Ti1n155ulUswnsy Flexsim tiaasalasnned waivinnistualdswnsy
JUNDUN 19 AndalUswnsy Flexsim webserver U Remote machine Lilg

v
a o <

1% Y o [ <@ acs ¢ = v [ gj g o a v
Anaaasauailiminssuiu@svines deagldnaiunulunssuasasn anduyinsilald
nulnsiea (Firewall) islvanansaldaulusunsy Flexsim wag node.js KUSEUUAATIALA

WaRIRIgUN 3.55 wayguil 3.56 vasanndureniannisidenseiu Remote desktop

Allow apps to communicate through Windows Defender Firewall
Te add, change, or remove allowed apps and ports, click Change settings.

What are the risks of allowing an app to communicate? Change settings

Allowed apps and features:

MName Private  Public

[ FlexSim 2021

[ Get Help

B grew3

B HP Smart

Intel ® Graphics Command Center
[JiSCSI Service

Mail and Calendar

B mDNS

[J Media Center Extenders
MELSOFT Mediative Server
[ Microsoft Content

[ Microsoft Edge

EEO0DORROREOEE
EEEOROREEEE

Details... Remove

Allow another app...

U7 3.55 malialdaulisreaveslusunsy Flexsim
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Allow apps to communicate through Windows Defender Firewall
To add, change, or remove allowed apps and ports, click Change settings.

What are the risks of allowing an app to communicate? Change settings

Allowed apps and features:

Mame Private  Public
M News

MNode,js: Server-side JavaScript

MNVIDIA SHIELD Strearning NS5 TCP Exception

MNVIDIA SHIELD Streaming NS5 UDP Exception
MNVIDIA SHIELD Streaming MvStreamer TCP Exception
MNVIDIA SHIELD Strearning MNvStreamer UDP Exception
MNVIDIA SHIELD Streaming 55A5 UDP Exception
MNVIDIA SHIELD Streaming S5AU UDP Exception

[ Performance Logs and Alerts

[ Proximity Sharing

[ Recommended Troubleshooting

Remote Assistance

EERNOENEEREREREE
ODORNEOENREEREREREE

Details... Remove

Allow ancther app...

sU# 3.56 msaldauliisiea node js

'
o

Junaun 20 Tun1s19A1d9 Launch instance TvaaniiAnde Action 31Nty

\ian Image wag Create Image UandGgUR 3.57

Instances (1/2) info Instance state ¥ H Actions & ‘m-
1 @

Q, Find instance by attribute or tag (case-sensitive)

View details

-] Name ¥ | Instance ID | Instancestate ¥ | Instancetype ¥ | Statusci iilability Zone
Manage instance state | —————
RUNFLEXSIM2 i-D0ba2ace240bd 196 @ stopped @Q, t2.micro L southeast-1b
Instance settings »
O RUNoRFLEXSI... i-077fdbb4asad2941d O stopped @Q, t2.micro — southeast-1b
Networking »
4 »
Security >
Create image Image and templates >
Create template from instance Monitor and troubleshoot [ 3

Launch more like this

gﬂﬁ 3.57 n1siaen Create Image

JUROUN 21 MUUATDUAZAIDDUIBVDY Image Waddon Create Image WaA3
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Create image info

An image (also referred to as an AMI) defines the programs and settings that are applied when you launch an EC2 instance. You can create an image from the configuration of an existing instance.
Instance ID
Ol i-00ba2ace240bd15f6 (RUNFLEXSIM2021)

Image name
Flexsim-Create

Maximum 127 characters. Can't be modified after creation.

Image description - optional
Flexsim2021

Maximum 255 characters

JUN 3.58 MvuatauarAadu1eved Image
JUMDUN 22 NIuau EC2 Dashboard 1G0nAE9 Images Wag AMIs LaAIAS
JU# 3.59 9nWuden AMI D Mifen15aLlun1s uaavin1saandl Launch instance from
AMI o319 Instance N19gUszananauuAaIIf INUUNIsiiaude Remote desktop Hag

Susuldanulusunsy Flexsim webserver kansnagu 3.60

EC2 Dashboard

EC2 Global View Resources EC2 Global view [2

Events
Tags You are using the following Amazon EC2 resources in the Asia Pacific (Singapore) Region:
Limits .

Instances (running) 0 Dedicated Hosts 0

¥ Instances

Elastic IPs 0 Instances 2
Instances
Instance Types Key pairs 2. Load balancers 0
Launch Templates Placement groups 1] Security groups 6
Spot Requests

Snapshots 4 Volumes 2

Savings Plans

Reserved Instances ey
@ Easily size, configure, and deploy Microsoft SQL Server Always On availability groups X
on AWS using the AWS Launch Wizard for SQL Server. Learn more

Dedicated Hosts

Capacity Reservations

¥ Images
AMIs ne Launch instance Service health
To get started, launch an Amazon EC2 instance,
AMI Catalog which is a virtual server in the cloud | AWS Health Dashboard [4

5U7 3.59 Uy EC2 Dashboard 1dendds AMIs
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=

> node-gyp — O ot

to terminate

JUN 3.60 Msi¥eusio Remote desktop taisusuldeu
Tupoun 23 NNTU Experimenter wau Advanced 989lUsHATH Flexsim
Tsidan Use Distributed CPUs 911 UINN15ha4a% 1P address 71 b9a1nn15a5 199 uahmud
waLnA Test connections LN 81T BUABAUIEUUUSTUIANAAANIA 01U UANI1 Connected
PUDIFINNT AT DUADAUTLUUARIIA LA ADITUANIN Failed MU18DINI5TDUABAUTEUY

USEAIARARANIRANMAT kAAIAIFUN 3.61 3 NUuTRzaUnIaldinTeslle Optimize Tuns

Uszanamemeuilvinsaunansiuiulnanlasy Amazon web service lgi

Scenarios  Experiment Run  Optimizer Design  Optimizer Run - Optimizer Results Advanced (7]
Repeat Streams of Replication 1 = Max Cores D, .
Startof Experiment > @S |
Start of Replication ] 1 1 1 1 1 \ M/, @B ::
End of Warmup R N @S |
End of Replication 2 G @ =5
End of Evpermenty h f "D o rmnee =T s ASGN CY &=
Use Distributed CPUs
JE: |
IP Address  13.212.244,164 CPUs 1 Status Connected ¢ 1
IP Address  13.143.141.9 CPUs 2 Status Connected X ]
IP Address 13.229.58.58 CPUs 3 Status Conmected X
IP Address 54.255.241.172 CPUs 4 Status Connected X
IP Address  18.141.232.250 CPUs § Status Connected X

Test Connections

JUN 3.61 M3lousiaseuuUszaiananandn
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3.9  U5uu5aTsdnanaulagltuuudnaassannulsigenugnssy
3.9.1  NSUUINGNSUY
lelusunsu Flexsim Usgmnanaairsnguauidulldimuanudunou

Ia v L3

ﬂ”li’e]aﬂLL‘UUﬂ’ﬁ’JNLLB\IUﬂ'ﬁB\IaWUENﬂ??ﬂiﬂ?ﬂ?iﬂ‘ﬂ@ﬂﬂ?i%ugﬂﬂﬁ\laﬁmmsﬂ ASAIUANUTNVDY

Y
(%

a o LY £ [ ! ! A Y ) ! '
NIHARUTBAATRIINTUAD v suianquauiilulylanmuneandunguaugauniy
ANNAINNTOIUNITNARNUTDNATEITNT Laln nquuNaunsandauliiiies 1 1n3099ns

o ' QA' a v 4' Y} o ' | .q' o as
Wiy dagnguauianunsandald 2 1w3eedng endieg1au ngUN 3.62 wuindanesiiy
vulUsunsy Flexsim anunsaadanguaidullivianun 19 ngusu Ussneusenguaud
AuN5aRAALAULLASTRITNT A WU T 6 NANIY Laznquaunausandalauy
LATBIINT A UAZIATBIINT B 91101 13 Nguanu Falauianguaiumunuaunsalunisnges

YoupIosdnsoandu 6 nqudes tneusznauluimenqueesas 3-4 nguau

A B - i D A - E F G
1  ItemMame Quantity Type MNumCavity CycleTime Machine  Group Sub’
2 Product 1500 2 3 18.5 A 1
3 Product 1500 3 3 18.5 A 1
4 Product 1600 4 10 20 A 1
) Product 1600 10 10 17 A 2
6 Product 6850 11 8 20.6 A 2
7 Product 1300 13 3 22.1 A 2
8 Product 100 ’l 1 13.2 ALB 3
9 Product 6000 5 3 16.6 ALB 3
10| Product 2500 6 3 25.8 ALB 3
11 Product 1000 7 4 23 ALB 4
12| Product 200 8 2 18 ALB 4
13_' Product 2700 9 3 16 ALB 4
14| product 300 12 2 13.83 ALB ]
13| Product 200 14 2 241 A,B 3
16| Product 3470 15 3 20.7 ALB ]
17| Product 1100 16 2 20.7 ALB 6
18 Product 1100 17 1 15.3 ALB 6
19| Product 2000 13 2 25 ALB 6
20| Product 1000 19 1 16 ALB 6

JUT 3.62 NMSUUINGUUE oY

dielangugesudaziwiavngugasluuszinanauulusunsyd Flexsim Live
AUTIIAYIIUTIN KU IRAT NSV RIAVINUTINVBILA RN ud o T batdadluly

m3etayauulusunsy Microsoft office excel dniuuseananameIBFuugNITU LaRIAS

=

IUN 3.63
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H | ] K
Group Sub | TotalTime GroupSub | TotalTime GroupSub | SumSetupTime
1 28900.0 0.00 32500.0
2 37145.0 0.00 40745.0
3 63837.2 0.0 67437.2
4 20158.0 0.0 23758.0
5 27425.8 0.0 31025.8
7] 80015.0 0.0 83615.0

JUN 3.63 nslddayatiaviusinvedusasngueasilaainlusunsy Flexsim

39.2 msdndRunuuaiesdnslngliasidaiugnssy
Funeudl 1 fmuesuiadsyeins WJumsadissumneusufunas o
MR winisasnuimeeuitnduluuayliminandiudnurvestymusinseuiunis
nanervvzasmalildinalunisussinanadinnniuls safunsfnuseuavesUssansvie
msa%aaﬁ’wmuﬁmauﬁmmzamﬁ’ué’ﬂwmaaﬂagmmmﬂizmumswémfu 9 agliRmeud
Togiuszansan
funoudl 2 adreUszmnadudu Taensduardiaudauseving 1-100 Tuud

avNguaUEeY Lanswieguil 3.64

A E 155 [} E F
1  GroupSub1 GroupSub? GroupSub 3 GroupSub 4 GroupSub 5 GroupSub B
2 45 S0 46 il =l 33
3 33 a1 z5 52 il T
4 12 05 13 3 a1 =l
5 37 15 a7 ) 56 &3
& z0 3z T a7 35 14
7| 51 10 a3 7T 56 36
8y 18 a7 3 z 28 =]
k] 13 4 g3 3 40 23
10 14 20 a5 o 100 23
il Tz 1 o =] 44 40
12 54 36 il 84 2z 1
13 35 18 13 58 23 3z
1 43 G4 1 34 Th 13
15 2 B4 T 85 36 56
16 Tz &5 B3 3 34 Tz
17 36 45 67 40 54 56
18 a5 a4 43 13 84 43
19 =] 7 1z 2d = Tz
Fil] 63 93 15 50 z I
El| 54 56 5 33 47 &7
2 33 55 51 17 25 Tz
23 35 73 zz 60 63 44
4 5 33 93 g7 75 24
25 46 22 40 40 32 23
Fi 33 G0 T a1 g7 o
27 38 29 46 7 52 43
23 20 22 g3 5] il 23
] 44 34 T3 36 75 15
30 75 43 41 86 93 3
k3l 52 47 B0 ol 57 34

JUN 3.64 Usgpnsisunu
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[
[

funoudl 3 frsrusaunsagUseass (Objective value) Aenistmuadaidia
UsgAnsnmueanszuaunsiansanaaan tnefdinvesisinddunisdauuaiosing
A LANIUTBVBITTUUNMTHAR FaAAlFiaINAINATIIYBIAWIILTIYBINGLY
doniavniianunsondnuueiodns A uag B udufuusn ntuishmameaigegadils

o = (% a gj v n:ll
ANNATINVDIIATNNIUTIUVBIATDIING A LLay B BnAFY LL?I@I\‘I@QE‘U‘VI 3.65

A D E F

1 Group Sub Machine A Machine B

2 1 28900.0 0.0

3 2 40745.0 0.0

4 3 0.0 27425.8

o 4 23758.0 0.0

6 5] 0.0 83015.0

7 3 PO <Y, =¥ S —— [V S P -
8 [ a 111040.8 160840.2 !
g I =suM( =SUM(E2:E7) | =MAX(DS:E8) |
10 {;I’imeMachineA TimeMachineB"\_IEtEI_T_ir;nia__l:

SUTl 3.65 gasAunamnilaiduinguseasd

Fumeudl 4 Yssifiuaiafduinguszasd nieraarviausau Taenis
Bosdrusnavifannlumendes Fuavannsdusgning 1-100) wdhdrulvaidile
nnmsiFesiuarllldaduusiuanuiinedud A liouszifiumearingUsvasdvesusyans
sneg1ay Uszainsngud 7 Quumi 8) uanadaguit 3.66 ldihdiasainnisguan
Sesarduainunnlutos denalvandulunisadaldsuuvadly anddunsnaniiude
1-2-3-0-5-6 WArugiulvifie 2-6-5-1-3-0 uansdeguil 3.67 andulindaulnd il
lunaiinedunl A SaagvilildananihaussvesssuunisaanniofladiduingUszasdvos

U523 Uaneiegun 3.68



A B C D E F G
1 GroupSub 1 GroupSub 2 GroupSub 3 GroupSub 4 GroupSub 5 GroupSub 6 Objective
2 48 90 46 71 91 39 177018.0
3 93 81 28 52 11 78 211955.2
4 12 95 13 3 81 91 211955.2
> 37 18 97 85 56 89 164440.2
6 20 32 7 87 95 14 164440.2
7 51 10 249 TT SR 2R 1 Rﬁdﬂ vl
8 18 97 3 2 28 66 275481.0
] 19 4 89 9 40 23 168108.0
10 14 20 85 77 100 29 219223.0
11 72 1 10 S0 44 40 175543.8

JUN 3.66 UsziiuanilaiduingUszasn

Population 7 (Aau3aas16u)

GroupSub |Chromosome
1 18
2 a7
3 3
4 2
5 28
6 66

-

Population 7 (vislart5e1a8161)

Group5ub |Chromosome
2 97
7] =]+
5 28
1 18
3 3
4 2

JUN 3.67 M3lSeadnuAduuaenguaugasnuniuiles

A gl D E F
1 Gmupgui Machine A | Machines
2 | 2 37145.0 0.0
3 7] 83615.0 0.0
4 5 31025.8 0.0
3 1 32500.0 0.0
7] 3 67437.2 0.0
T a4 23758.0 0.0
) 275481.0 0.0 275481.0
g =SUM(D2:D7)  =SUM(E2:E7) =MAX|D3:E8)
10 TimeMachineA TimeMachineB  TotalTime

JUN 3.68 ArTngUszasAvasaiulu
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AU 5 AUINMAN Fitness value 1agld Fitness function m1laangns
10,000,000 1598A1HeNTUINgUsTasAvaUssyIng ienUasaflesnduingussasalu
anunsadlufwameainuazdulaig
Jupauil 6 AMuIAIANNUIaEIdY (Probability) ¥esUseynsiSuAY
1f9ngns Fitness value 03Use¥INTUU 9 MMIAILNATINYY Fitness value V8UTEYINT
N

& a o o . yaa v &«
Junauil 7 n1sAnLaen (Selection) lngldisadesiing (Roulette wheel)
) o A R AA o € o A P ] )
Jumsdndentasiuleuneiuguazudiuguisiiunisasauseynssulud danseuiunis
Fadenagyinsideniasiulaunonuguinugaudadiuvesiuivuide Tnuarvesilendu
npUszasAniaA1IaviuInvesszuunsnaniuAifmuadadiureaiuiuuisde

LARIAagUN 3.69

A B C _IJ J E F_ a G H | 1

1 | Job1 1 Job2 Job3 Job4a Job5 Job6 Objective Fitness Prob  CumProb
2 48 S0 46 71 91 39 177018.0 41.155479 0.027449 0.027449
3 93 81 28 52 11 78 211955.2 45.61565 0.030424 0.057873
4 12 95 13 3 81 91 211955.2 45.61565 0.030424 0.088296
5 a7 18 97 85 56 29 164440.2 45.61565 0.030424 0.11872

6 20 32 ¥ a7 95 14 164440.2 39.726208 0.026496 0.145215
7 31 10 89 77 56 36 164440.2 59.485569 0.033674 0.18489

8 18 57 3 2 28 66 275481.0 54.263542 0.036191 0.221081
9 19 4 89 9 40 23 168108.0 45.61565 0.030424 0.251505
10 14 20 85 77 100 29 219223.0 62.748642 0.041851 0.293355
11 72 1 10 S0 44 40 175543.8 39.726208 0.026496 0.319851
12 54 96 31 84 22 16 191866.0 47.179779 0.031467 0.351318
13 a5 18 ks, 58 29 92 159366.0 41.155479 0.027449 0.378767
14 43 64 1 34 76 19 275481.0 39.726208 0.026496 0.405262
15 2 64 L 88 36 56 168108.0 62.748642 0.041851 0.447113
16 72 88 63 9 34 72 184285.8 36.300144 0.024211 0.471323
17 36 48 67 40 54 56 187885.8 53.135754 0.035439 0.506763
18 85 84 48 15 84 49 171708.0 40.313606 0.026887 0.53365

19 89 7 12 24 21 72 220697.2 62,173512 0.041467 0.575117
20 63 53 15 30 2 75 159366.0 36.300144 0.024211 0.599328
21 54 56 5 93 47 67 168108.0 52.119709 0.034762 0.634089
22 33 55 51 17 25 72 175543.8 56.965839 0.037994 0.672083

Y & A

JUT 3.69 dnduiuiiuwieaogiand (Aadutl J)

TJupaun 8 nMsasusernsiulud Inegldisnstinaneiug (Crossover) g
Junisilaslulanlugunedulasiulanluguuduiwaniudsudu weasdasiulaugn
(Offspring) @93x1¥38N1sduA M avdmTuA muadumislun1sduaIeiug wanadegy

1 3.70
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JUN 3.70 Mstuangiug

(%
U L

JUABUT 9 YNlUTUNDU 2 DITUADU 8 AUNINVLATUANNIIUIUENNADINS

4 VYo = & 1Y ° 9 A
Mi@lﬂmGIE]‘U‘VIL‘Vm’wauLUuﬂ’li‘quﬂu%ﬁmmaU LL?W]\WNEUV] 3.71

4004 A& |
1| 1 2080438
2| 2 17112102
3| 3 1681080
4| (4 160840.2
5] 5 | 1532600
6l 6 lumsaa
T 7 :13?032£ N\

JUN 3.71 Amauilunzay

'
a

JuUAOUN 10 lINAaNSUDIARUNUNMNIZANRAZLIAIUTINATIER LD
TaansuauiunzauLad diansuaunlalAumiasesinsnazaadldlunisuanaunyin i

lpaihauinign wanedsgun 3.72
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A D E F
1 GroupSub Machine A Machine B
2 1 28900.0 0.0
3 2 40745.0 0.0
4 6 0.0 80015.0
5 5 0.0 31025.8
6 3 67437.2 0.0
7 4 0.0 23758.0
8 137082.2 134798.8 137082.2
9 SumTimeMchA  SumTimeMcB TotalTime

JUN 3.72 nadnsved i uuvisnzay

393 nsnadaunadnsTilduulusunsu Flexsim
Funoui 1 MTIABUTOYANITHANFY 9 vosafuaIuT wngay Taun
USunaunsuan ﬂﬁjmmﬁﬁ]ulﬂlﬁﬁ'mm 113U Cavity uazaa1n1sHan MINTNsmun
Toyan1snandana11d19iuresaIf UL ImEIzaNasuu Object source UulUsunTH
Flexsim

Funoudl 2 fvusarmansaveneiosdnslunsudn udhdunisuaai

av v v o o a ) yan a o ) .
wnzauiilaannisdndiiunuuueiednsleeldisidaiugnssuanFuuulusunsuy Flexsim

LBATIAABULIAYINUTINALAIINNITUTENIANE UansAsguR 3.73

Quantity [Type  [NumCavity |CydeTime [MC |Grounsub
16 10 1

I P A P P P PO P PR Bl 7 B

8888 45/8/5 384548 4858/855485F
a

5

]

g

-

z

F3

o

2
FIIRPIPRYYYYYOOLDLDDDN
aE88888888288§828288¢88§882|:2

=1

a8

&
UMM BN e R e B ue LW e w e B

]
I IR I eI I VI SOy PR Oy R Y
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4.1 AATIZHITNITNNIUVBINTZUIUNITIANITIE

¥
¢ o o

4.1.1  NATIZATUNBUNITIAAINUNSHAN LA TEIUSNTY Flexsim

A1599NLUUTURDUNITIABIAUNISNANINUA 3 TUADU MALA AINUAINITA

1 a [ 3

TunstugUanandun auausaveasasdnsiun1sndn Lazn1sdnaduunaiedng lay

Y

TElUsNTY Flexsim $2ufudBigaiugnssy nudntunaunisinaueeaiuadnsatunisay

[

\a ¢ a ) a . A v |
suaAnAndugiazALansaveasodnslunisuan lagldlusunsy Flexsim ieAumngy
& o vl a - a8 o N v oA o w Y
nuadandululaanunsandauuiniesdediuuaziiaiiediu Suannsiteyatade
NISHARANS 9 Tuiinaquunns1egIudaya wanwesun 4.1 Inedeyatadenisnannaesiuiin
asuEITNgINTeNa laun
1) Customer Name fio Foransiuaivesgnen
2) Material Type fig ¥lauasingau

[ a

3) Material Thickness fi® AUNUIVDIINGAU

9

a

4) Material Width fia AUNT9VRIIRGAY
5) No Cavities #ip S1urundnfuslluusifiusi 1 wuusomstutugudu
1 ads
6) Mold Width @i AMuNIIeuliNiveINEnsiue
7) Mold Length A9 AMUEIMLRNNUDINERA 89
8) Mold Height fia A3geuliuiveInansioue
9) Cycle time #o aN1snARvasMLTant 1 wuusensiuduzusiuau
1 0%
v oedy o 2

10) Quantity A9 IMUIUNEANUTNNADINENNINUA

11) Due Date fia ivundasauauAlvifiugna
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NUUDANDINUVUIUTLATY Flexsim 389NNI5AIUIUNUTLUNLN NUNLLEY
A € = ) X A4 1 a - = )
NUNYDAATIINT A LasNUNLNUNNRUDILATOINNT B LAZUAAINAUUAITI InputSource Tu
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4 %
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BNAREITY INFUN 4.1 agnudndudn 1 duduiilianunsandnsiuiu
a v A a Y a ) a v Y o a . = v 9 v
duAndu 9 vwAsesdnslediuLazafeaiuld dane3fiuuulusunsy Flexsim 3adnlvdu
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-

Customer Namel Material Type ‘Matena\ Thldcness‘ Material Width|No Cavities| Mold Width|Mald Length| Mald Height| Area Mold] Area Plate MC. A Area Plate MC.E|Cyde nmelQuanntleueDate‘Grouu
30

fus 1 APET-ANTI 0.70 410 1 325 450 146250 533000 410000 19.20 100 4 1
Aue 2 APET-ANTI 0.60 370 3 325 450 30 438750 481000 370000 18.50 1500 2 2
dur 3 APET-ANTI 0.60 370 3 325 450 30 438750 431000 370000 18.50 1500 2 3
fudn 4 ApetB 0.70 430 2| 265 295 25 156350 559000 430000 17.50 500 7 4
fus 5 ApetB 0.70 550 2 265 295 25 156350 715000 550000 14.80 1000 8 4
dur 6 ApetB 0.60 430 3 265 295 25 234525 559000 430000 16.60 6000 7 5
dudn 7 ApetB 1 370 1 265 295 25 78175 481000 370000 17.90 1000 9 6
fus 8 APET-Clear B 120 810 4 265 415 35 439900 793000 510000 23 1000 3 7
dud 9 ApetB 0.80 500 1 265 295 25 78175 650000 500000 18 100 6 8
dusn 10 ApetB 0.80 500 1 265 295 25 78175 650000 500000 18 100 [ 8
dun 11 ApetB 0.50 450 3 265 295 25 469050 585000 450000 13.20 2600 8 9
fue 12 ApetB 0.50 430 4 265 295 25 312700 559000 430000 17 1200 5 10
duen 13 ApetB 0.70 650 6 265 295 25 465050 845000 650000 20 100 7 4
A 14 ApetB 0.70 530 6 265 295 25 469050 689000 530000 17.70 5600 3 11
dus 15 ApetB 0.50 500 4 265 295 25 312700 650000 500000 12.50 300 8 10
duen 16 ApetB 0.50 650 2 265 295 25 156350 845000 650000 16 100 9 10
duen 17 ApetB 1 650 2 265 295 25 156350 845000 650000 25.80 1500 4 [
durn 18 ApetB 0.70 370 2| 265 295 25 156350 481000 370000 20,60 1250 3 11
dus 19 APET-Clear B 0.50 500 2 265 415 35 219950 650000 500000 13.80 500 7 12
duen 20 Apet anti gju 0.70 410 3 325 450 30 438750 533000 410000 22.10 1300 3 13
duen 21 Apet Emben 1 430 1 265 295 25 78175 559000 430000 24.10 100 5 14
fus 22 Apet wenben 1 430 1 265 295 25 78175 559000 430000 24.10 100 10 14
duen 23 ApetB 0.70 450 3 265 295 25 234525 585000 450000 18 3000 6 15
duen 24 ApetB i 120 450 1 265 295 25 78175 585000 450000 20.70 550 8 16
furn 25 ApetB e 120 450 1 265 295 25 78175 585000 450000 20.70 550 7 16
Aus 26 Apet e 0.50 400 1 265 295 25 78175 520000 400000 15.30 1100 2 17
duen 27 APET-Clear 1 570 2 265 415 35 219950 741000 570000 25 2000 6 18
duen 28 ApetB Eahe 0.50 370 1 265 295 25 78175 481000 370000 16 1000 5 19
dus 29 ApetB 0.70 430 1 265 295 25 78175 559000 430000 20.60 200 9 15
duen 30 ApetB 0.70 430 1 265 295 25 78175 559000 430000 20.70 270 9 15
.
3‘Uﬂ 4.1 ﬂ?iLLﬁﬂ\‘iNaﬂo"l‘N'luﬂaliJQ']u
b : q
#5 Model InputData | [] SetMachine . IpoiSoaree”
i = W

ItemNamel Quantity |Type | MumCavity | Cyde‘ﬁme| Machine

Product 100 1 1 19.20 1

Product 1500 2 3 13.50 1

Product 1500 3 3 18.50 1

Product 1600 C 10 20 1

Product 6000 5 3 16.60 1

Product 2500 = 3 25.80 1

Product 1000 7 4 23 1

Product 200 3 2 13 1

Product 2700 9 8 16 1

\ Product 1600 10 10 17 1

Product 6850 i1 8 20,50 1

Product 500 12 2 13.80 1

Product 1200 13 3 22,10 1

Product 200 14 2 24,10 1

Product 3470 15 5 20,70 1

Product 1100 16 2 20.70 1

Product 1100 17 1 15.30 1

Product 2000 18 2 25 1

Product 1000 19 1 16 1

14

1
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'
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#5 Model | ] InputData (TTesmathine™ | InputSource
]

Group |Machine.¢\ |Ma|:hineB |

[T - R R R O PU R

—
—

._.
[=]

| | | e ] e e | e | | | | ] ] ] ] ]

[ e I - I - e e e I - 1= I

JUN 4.3 A1UAUNS0URAATOIINTlUNSHARLALNENIY

o [

4.1.2 Fpsrziisinanaunisuaalagldlusunsy Flexsim saudukwannasy
Amazon Web Service
1nnaUszanatunounsinsdunsrdaluiuneuresnmamsnves
nstusUandadusiuazaruastsavesnmanvesaiesdnsiaglddanasfuuulusunsy
Flexsim dufudumnguauiidululiiomuauas anuannsovesadesdnslumssdandy

Nuasaudrzadunsinddunguaudiasosinsiiefumainunisudsidululiianue

o a

Tunswdanuuuadssdnsiiviiinawhaiusiuvesssuunsnansian wazannsadmey
audlvifugndnliviunarifvue esnddunulunswdnuuiniesinsiunnsnasiisiu
rdmali A luNSYINUTINYeITEUUNSHAALAE I UAdsa UAUA VAU NATLAN AN Y
Tnel#35n151538duiden (Permutation) uulusunsa Flexsim iieadudidunisudniiiuld
Igiavmnsauifuunanwasa Amazon web service iilataglunsUszananadoyavosdinoy
evauusTuuRanALazaglidnTmEnensene 9 fanunsauudsunnaldniuniny
A 03an15U094 199U 19U CPU, Memory way Disk v udy 7 9onadamalwldiaaluns

Uszanananiduld winisidenldvuisvemineinsldimnzanduruialynivesnszsuiunis

nano19dINa il tanlun1sUsELIaNane1IuIUle LazaInNIsUsTLIaNaLiaAUMNIAIAUNIS
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=

nanmdululsioualagldlusinsy Flexsim sauiuunanosu Amazon web service WU
Y [ a Y] .:4' ~ v

H1oA1UULTBABUANURANAIANTYTUNTY WARIAITUN 4.4 1HBsa1nn1sUsERIanadeya

o = 1 v o a ¢ al = °

Y99AnaUTvUIAlNg wazlonINUAYTEIABNNILADITLTIuN1TAaBIl ST UVUTEIANARN
FIDINTAINUANSTHEINTUUUNAANDSU Amazon web service 71 lillnugauAUTUINUDY
Uy Fedamalultinanlunisuszuianaioniuiu waztian1sudnaouladanainues
TUsunsuanvuIngesiufdaiu (RAM) ldifissne waginanisUalusunsulunisussunana
lngdnlud® AslunismeassUsziianadeyavesdneuifivwinlngdndudeddnouiiames
NiszUUUTEIIaNanuAINgs wagn1siuanineInsuuLnanlasy Amazon web service
Tiwungauivruiavestym) winsldseuulssaiananmuaInawasAmuansnensnly

WilNzauazdNalita e nunAulule

flexsim.exe - Application Error x

f v \ The exception unknown software exception (Cxe0000003)
| occurred in the application at location 0xD0007FFF2ASB28C,

SUT 4.4 mMudaiautaianaInanlusingy

o w a

4.1.3 Apsziisinannunisuaniagldlusunsu Flexsim $auiulsidenugnssy
lunsguaunsdaanaunsnanaeldioideiugnssusiuiuluswnsy Flexsim

DAUMNAIPUNISHANNYINIALIAINISYINIIUTINYDITLUUNSHANTINNZEY 1a8l99917AU4

[y

NUUIRUAINTINEAVULATRITNTUINATBSLA WL lavaruulinasaLiatlunisyininy
FIUVBITTUU TUNBUNITTARIRUNISHAANTENG UMW UATOITNT 13UIINNTUUINGUIY

VINUARMIUAIINAINNTOLUNITHENNIUYBLATEIANT WAIINITNIIAWINIUTINVBING LY

a a L% d'

goelaelaluswnsy Flexsim 9nuulgdsi8aiusnssuitnainn1siteulan VBA vulushknsy

9
(%
Y

Microsoft office excel USzUIanamIaInuNISHANKALAINBUTANNZEN TINTUNDUNITAUIN

[y [

afun1snanlaeglIBBsiugNITL Aell
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Tupauil 1 ihdeyananihnunuvesusazngudesilaninnisussuanauy

TUsUNTY Flexsim aquuLHLIIATaI1 Problem firaduil | uananagun 4.5

VBA GA Test - Excel

Sl nset  Pagelayout  Formuls  Data  Review  View  Developer Help () Tell mewhat youwantto do

=3 cut _— . = === AuteSum ~
Dg;ch . Calibri - A General L:.‘l Q =5 Eé"x @ mv QY
oA TINERFSS 550 0 | Een e | e B EED

Ciipboard & Font & Number & Styles ceiis Editing ~
AL - fe | GroupSub

A B C D E F G H I J K -
1 [_Groupsub | TimeofGroupsub on Mc| NO TimeofGroupsubon Mc| MachineA | Machine Groupsub | TimeofGroupsub on Mc | NO TimeofGroupsub on Me
2 28900.0 0.0 28900.0 0.0 1 28900.0 0.00
3 2 40745.0 0.0 40745.0 0.0 2 37145.0 0.00
4 6 83615.0 0.0 83615.0 00 3 63837.2 0.0
5 B 31025.8 0.0 31025.8 0.0 4 20158.0 0.0
6 3 67437.2 0.0 0.0 63837.2 5 274258 0.0
7 4 23758.0 0.0 0.0 23758.0 6 80015.0 0.0
E 184285.8 87595.2 184285.8
9 SumTimeMcA SumTimeMcB  TotalTime
10
1
12
13
4
15
16
17
13
19
20
21
22 =
ConceptGa | ConceptGal | Source Problem | Data | pataz | pataz | @

JUN 4.5 feegatayatiaviusiuvatdaznaunugogluwiuu Problem fradu |

TURBUT 2 NIANUALATBIINITANTONEALAANFUNUE D8 TLAA1NNTT
Ussananauulusunsy Flexsim a9UUMK U9 Problem finadutl D uag E laun1sldans
HendudmSuAunIuAasNgNUERENAINTARERUULATEITNT A ¥38LAS093NT B Ndna

TahusmNEauTan uandiaguin 4.6 uasgun 4.7
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VBA GA Test - Excel =

Insert  Pagelayout  Formulas  Data View Developer  Help  Q Tell mewhatyouwant to do

S Jou Calibri RET 2 Wrap Text General - ,1_9} Sts Bx [f] | Zhuesm - A p
pese 2PV ) g on | Conditional Fo’;nj:t“as cell Em Eg‘ete F%t " sZo;Y& Find &
S pomatpane | (BT U H -4 e = || §= 8 O [E 45 Formatting~ Tabler Styles= | v -~ B & Clear~ Filter - Select -
Clipboard 5 Font 5 Aignment w Number w stytes cels Editing ~
AL - ’ Groupsub v
A B c D -
1 p NO Mc Machine A
21 —VLOOKUP(A2,Table,2,FALSE) ~VLOOKUP(A2,Table,3,FALSE) |=IF(VLOOKUP{A2Table,1,FALSE)=1,B2,IF{VLOOKUP(A2, Table,1,FALSE)=2, B2, IF(CHOOSE(RANDBETWEEN(1,2), 82,C2)=0,C2,B2) )
32 VLOOKUP (A3, Table,2,FALSE)+3600_|=VLOOKUP{A3,Table,3,FALSE) |<IF(VLOOKUP(A3, Table, 1 FALSE)=1B3,IF(VLOOKUP(A3, Table, 1, FALSE) IF(CHOOSE(RANDBETWEEN(1,2),83,C3)=0,C3,83) )
106 =VLOOKUP(A4,Table,2,FALSE)+3600_|=VLOOKUP{A4, Table,3,FALSE) |=IF(VLOOKUP(A4,Table,1FALSE)=1,B4,IF(VLOOKUP(A4, Table, 1, FALSE)=2,B4,IF(CHOOSE(RANDBETWEEN(1,2) B4,C4)=0,C4,84)))
505 =VLOOKUP(A5, Table,2,FALSE)+3600_|=VLOOKUP{AS, Table,3,FALSE) |=IF(VLOOKUP(AS, Table,1,FALSE)=LB5,IF(VLOOKUP(AS5, Table, 1, FALSE)=2,B5,IF(CHOOSE(RANDBETWEEN(1,2) B5,C5)=0,C5,85))) __|=IF
63 =VLOOKUP (A6, Table,2,FALSE)+3600_|=VLOOKUP{AG, Table,3,FALSE) |=IF(VLOOKUP(AG,Table,1,FALSE)=LB6,IF(VLOOKUP(AG, Table, 1, FALSE)=2,B6,IF(CHOOSE(RANDBETWEEN(1,2),B5,C6)=0,C6,86))) __|=IF
an =VLOOKUP(A7,Table,2,FALSE)+3600_|=VLOOKUP{AZ Table,3,FALSE) |=IF(VLOOKUP(AZ, Table,1 FALSE)=LB7,IF(VLOOKUP(A7, Table, 1, FALSE) =2, BZ,IF(CHOOSE(RANDBETWEEN(1,2) B7,C7)=0,C7,87))] __|=IF
8 | =SUM(D2:D7) =i
9|
10|
1|
12|
13|
4]
15|
16|
17|
18|
19|
20|
21
22 =
ConceptGA ConceptGA1 Source Problem Data Data2 Data3 1 @ “ »

JUN 4.6 fegsgasilandudmsuAumnguaugssindnuuazonins A e lumedu D

VBA GATest - Brcel ca]

Insert  Pagelayowt  Formulas  Data  Review Developer  Help @ Tell me what you want to do

i e
N % cut Calibri y 2 Wrap Text General - e = gﬂﬂ E‘X E 2 Autosum - E‘Y p

o B © o DR el ot s Cell | ot Delese Forrnae | 2T Sort& Find &
T S Fomatpainter | (8T U7 Efergesicenier =1 | § - % 0 | 5t B Fafatting~ Table- Styles- | - B < & Clear Filter - Select~

Clipboard ] Font 0 Alignment o Number i) Styles Cells Editing ~
a1 - % | Groupsub -
A E -

1 [@roupsub) -~ " machines -~

21 =IF(VLOOKUP{A2,Table,1 FALSE)=1,C2,IF(VLOOKUP{A2 Table 1,FALSE)=2,C2,1F(D2=82,C2,B2)))

32 =IF(E2=0,IF(VLOOKUP(A3 Table,1,FALSE)=1,C3, IF(VLOOKUP(A3 Table,1,FALSE)=2,C 3, IF(D3=83 C3,83-3600))).IF(VLOOKUP(A3 Table,1, FALSE)=1,C3,IF(VLOOKUP (A3, Table, 1 FALSE)=2,83 IF(D3=B3,C3 B3))))

45 ~IF(SUMI(E2:E5)=0,IF(VLOOKUP{d Ta ble, 1, PALSE}=1,C4, IF(VLOOKUP| A, Table, 1, FALSE] 2,4, IF(Da=54,C4,84-3600)))| (VLOOKUR{A4 Table, 1 FALSE}=1C4, | F(VLOOKUP(A4 Table, L FALSE)=2,84,IF{D4-84,C4,54]))

55 {SUM(E2:E4)=0,IF(VLOOKUP(AS Table,1,FALSE)=1,C5, IF(VLOOKUP(AS Table,1,FALSE)=2,C5, IF (D £5,85-3600))).|F(VLOOKUP(AS, Table, 1, FALSE)=1,C5,| F(VLOOKUP{AS, Table, 1, FALSE)=2,BS, IF(D! 5,C5,85))))

E =IF(SUM(E2:65)=0,IF(VLOOKUP(A8,Table, 1, FALSE)=1,C6, IF(VLOOKUP( A6 Table, 1,FALSE]=2,C6, IF(D6=86,C6,85-3600)) )| FVLOOKUP(A6,Table, 1 FALSE|=1,C6,IF(VLOOKUP(AB Table,1 FALSE)=2, 86, IF(D6-86,C5,86))))

7a ~IF(SUMI(E2:E6)=0,IF(VLOOKUP{A7 Table, 1 PALSE}=LCY,IF(VLOOKUP|A7.Table, 1, FALSE} 2,7, IF(D7=87,C7,87-3600)) | F(VLOOKUR(AT,Table, 1 FALSE}=LC7, F(VLOOKUP(A7, Table, L FALSE)=2,87,17{D7=87.C7,57)))

8 =SUM(E2:E7) =MAX(D

9|

10|

11

12 |

1|

14

15 |

16 |

i

13 |

19 |

2

El

Z|

3

24|

2 -

ConceptGA | ConceptGAl | Source | Problem | Data | Dataz | Data3 | (D ‘ >

JUN 4.7 fregegasilandudmsuiumngunugesinanuunsesdng B Ia luasdud £
Tunaun 3 vinislddeyavuinveslssyinsuaginulussudmiuaum
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a Microsoft Visual Basic for Applications - VBA GA Testxlsm - [Medule1 (Code]] - o X
4 Fle Edit View Inset Format Debug Run Jools Add-lns Window Help -8 X
HE-d Bal9 pou AW EEFT @il

I X [iceneran <] [1vectarations) 7]

fronst 02 = 5

sheet3 (Con
Sheetd (Dat: Const POPULATION = 20
Sheets (Sou _
Sheos (ooe) Const ITERATION = 1
Sheet? (Prot Public Best(JOB) As Integer
4 Thisworknoo
=23 Modules. Public ObjBest As Single
-« Modulel
Public Prove As Integer
Properties - Modulet 1‘

Public Gen(POPULATION, JOB) As Integer
Modulel Module ~

Alphzbetic Categorzed Public Offsprings(POPULATION, JOB) As Integer
(Name) Module1 Public Obi(POPULATION] As Single

Public fValPOPULATION) As Single

Public Prob(POPULATION) As Single

Public CummProb(POPULATION) As Single

Public Sub GA(

Dim p, i As Integer

For p = 1 To POPULATION

SUN 4.8 fregalAnd msummuavunaUsErInsuazduIuIeu

[ '

Tunaudl 4 NAYU Run YUKW Problem i asulan VBA vulusunsy

Microsoft office excel FUTUAUNIAINUAITHANUULASDIINTNYINTIALIAYINIUTIL LS EL

1 '
Y 1

ign Megelan VBA dmSuAumaduanuivhliiia i usiumingay uananagun 4.9

£ Microsoft Visual Basic for Applications - VBA GA Testxism - [Module 1 (Code]] - a] x
# File Edit View Incet Format Debug Run Jools Add-ns  Window Help -8 x
HE-d @l P B EFT @il |
PSS X |(Generan | [ oeciarations) v
= N
Public Sub GA(
46 Thisworkboo
=3 Modules

-+ Modulel

Properties - Module1 x|

To JOB
Module1 Module 5
Abhabetic Categorzed
((Mame)| Module1

)} = MathRnd #.49 + 1

ata’).Cells(p + 1, §).Value = Genlp, )

Next j
Call FindOBJ(o)
Nemtp

For iter = 1 To ITERATION
Call FindBest
Call FilnessValue
Call CalProb
Call Crossover

Call NextGen

For p = 1 To POPULATION

JUN 4.9 fMegelan VBA YaensAumasuuivinliiiaihaunumigay



86

fumeudl 5 Tusunsu Microsoft office excel AAumMHaRWSTRIAIFUNNS
nAnULATEsdNS Tnsasuansuadnsvsnahaunynassivlinanhauns fidanas
wnsetslusunsudumdnouasuuuseuildrinualy ansulusunsuasuananadng
navhausaynedsiivhlinahaussenauasnzauiian sufuanmadnduasdis
NIHANYBILARLNE LU BIUULAT 89905 A LazLAT099n3 B TulHLIIY Data3 Lazusy
Problem MUY LAAITITUT 4.10 MIUARIIDEINAEHEVBIIANYINIUTINYBIULIN
Uszansiniu 20 wagdnnuseulumsduvdmeusintu 1 5ou uazluguil 4.11 msusans
HogramadnsvesianinnusmTmnzandian nslansadunnanyesuraznguauges

YUAIDITINT BALIANVINIUSILANTULATEIINT A WAy B

VBA GA Test - Excel

Sl st Pagelayout  Formulas  Data  Review  View  Developer  Help @ Tellme what you want to do

£ X Cut

oo AngsanaNew  ~[14 | A A General 7] ’_j.“ gﬂﬂ =X i 2 AutoSum - Q‘Y
f B = E
o L Bl u-@- HeA- 5% Conditonal Formatas Cell | Inset Do Format | 27 Sort& Find &
« ¥ Format Painter - " 7% Fommatiing~ Tables Stjlesw | v = < Clear~ Filter » Select
Ciipboara 5 Font Numb E Stytes cen Editing ~
A1 - Ao AnsunmnsadnEiaias (as)
A B C D E F G H 1 J
N v g 2 N "
1 ﬂW“'Juﬂ1‘ﬂ”ﬂﬂﬁawﬁwﬂwqﬂ (A39) NINUITIN QUIN)
2 1 275481.0
3 2 168108.0
4 3 159366.0
5
6
7
8
9
10

ConceptGA | ConcepiGA1 | Source | Problem | Data | Dataz | Data3 [C] fl N T

JUT 4.10 AMDENINEANEURLIAMNIUTIY
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VBA GA Test - Excel

Sl st Pagelayout  Formulas  Data  Review  View  Developer  Help @ Tell mewhat youwantto do fe
= % Cut == = E2h | 2 Autosum - A,
=pu | p b =: % | = Ex
D B copy - Calibri 1 A A = % 22 Wrap Text 4 | ,;‘ = o @ e Zv p
aste o 3o cA- | =Bl= == o o <o s | Conditional Formatas Cell | Insert Delete Format Sort & Find &
 Formt Painter | 0 1 Y &-A- | SE=| == | Evesescener St o W | 2 g- Table- Stylesw | - - - Clear - Filter - Select -
Clipboard Font Alignment MNumber El Styles Cells Editing ~
Al o S || GroupSub
A B @ D E F 5 H 1 ] H
1 Ti on Mc| NO Ti onMec|  Machine A Machine B Ti p: Me | NO Ti pSub on M;
2 5 27425.8 0.0 0.0 27425.8 1 28900.0 0.00
3 3 67437.2 0.0 0.0 67437.2 2 37145.0 0.00
4 1 32500.0 0.0 32500.0 0.0 3 63837.2 0.0
5 6 83615.0 0.0 83615.0 0.0 4 20158.0 0.0
6 2 40745.0 0.0 40745.0 40745.0 5 274258 0.0
7 4 23758.0 0.0 0.0 23758.0 6 80015.0 0.0
8 156860.0 159366.0 159366.0
9 TotalTime

@ |

ConceptGA | ConceptGA1 | Source | Problem | Data | Data2 | Data3

JUN 4.11 g MNaansYaIay NN UTIN TN s auian

¢ o o (] L v

4.2 AATIZHRANITNIRUAVUINVDIUITEYINTUAZITIUIUTIUFIRTUAUNA
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AuMRaaNSYRIAaUs T TuNadNS IIZaNTan Fan1sivuaruInTesUsznsi
fluwadnaziilinadnsvosianihnusuegluiiwasdneuiivesnuluime Jsdwmalinis
[J Aa i |¢:9; o 14 U 1 -] [l ] [J
MvunvuavesUssrINsniveflngRuasinvlinadnsveaiainusnvegluyieiney
Ql' & J o 1 a [ ! £ o o ::l' =
NunTu wanrsminussuialnguiniuluiensazdsalildnaidnivlszsatananuinis
g193gyibilddiuneiailunisdnniseniswdnasald saudsdnugivesmamaneuning
TnenssiuNaansveeIaineuTd Ae a1ldduiuseulunismdineuiidesnazdanal
o ay v g o d' 1 d' Y U O = o & v d'
mneuniladudmeuildvunganiianld daiui@ndudeamvuinveslssvinsivangay
AudnuaunsseulunsAummneuiinzan laglavinnisnaassdnainunisuaniudiuau
NANNUERLTINUA 6 NFYN YTDIIUIY 6 91U AULATRIINTIIUIU 2 LATEY FILNARDIVUIA
YBIUTEVINTNIAU 20, 30 40 Uag 50 tB991NUITEVRI (BUTINA audud uazdnsig
AMgAaN, 2557) vn1sidenld waznuidelagiiuuuinvesuseninsdmsunaasuiean
HARNSVRIANUTINTVIZaNNan Lgyiin15NAaeauuInveIUseyInNsas 10 ATY LaAd
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Usym YUIAYBIUTEYING Aiadsaavineusay (Gund)
1 20 153,953.1
2 30 148,694.8
3 40 139,156.2
4 50 141,811.0

A1NNITNAADIRIVUINVBIUTLVINTIIUIY 20, 30, 40 WAy 50 WUIIVUIAUDY

USLUINTYINAU 20 Y IARAE NEVDILIAVINIUTINLRAULVINAU 153,953.1 JUT VUINVD

UsgynsyInau 30 13a1719USIRAUYINAY 148,694.8 FUN VUAVBIUSEYINTNAY 40

LANYVINUTINRAYWINNY 139,156.2 WY WaTIUINUDIUTEINNTNIAU 50 LIa19IN91U5Y

WAYWINAU 141,811.0 U191 3NNNISNAABINUINVUINVBIUTLBINTNINU 20, 30 hag 40 911

TANaaNEV0IIAVINIIUTINANZAN LIATUANNVUINVIUTEAINT LATVUINVDIUTEYINT

WU 40 yilinadwsvewiainusIneaea1an WewSsuisuiusuinveslsesng

WinAU 20 kag 30 UaNINNUILLTIUINLBIUIAUTEVINTAITU 50 Nadnsvaw1a1vinaIusIul

ANANTU FIUINNINARE L3RIV UTINVBIVUIAUTEBINTVINAU 40 FaUUINUIT8TL Y

AanlduunueaUseynviniu 40 Wewininlvnadnsvesiainausiuedstssiantas

Mgaugn 31N uzdnvuInUIEYINTAAU 40 WBNARRINITIUIUTOUAINTUALNI

ANPBU WMYYIINISNARBIINUIUTOVAY 10 ASI LARIRIANTIN 4.2

AN 4.2 NANAADINIINUIUIBUFIMSUAUMIAINOUVBIVUIAUSLUINTNNY 40

Usyin

ATUIUTOUNITHIAINBU

ALRAYLIA19U52) (Aui)

1

1

140,193.2

139,156.2

137,082.2

137,082.2

137,082.2

137,082.2

2
3
il
5
6
7

2
3
a
5
6
7

137,082.2




89

A1519% 4.2 HAVARDINITIUIUTBUF NS UAUMAINOUVBIVUIAUTLANTLYINAY 40 (#19)

Usym IUIUTBUNITUIAINDY Aadsinanitausm Guii)
8 8 137,082.2
9 9 137,082.2
10 10 137,082.2

INNITNAADINITIUIUTOUE NS UAURIAINBUVDIVUIAUTEVINIIVIIAY 40 WUIN
FrwuseudmsumAneuindy 1 vhlsia1ted 8909981319 uTINNNT g R AY
140,193.2 Jundl WelFeufioufusuiuseun1sdnsuniAineudu 9 uasnadnivadian
U N AENET N ZEULN T UATNTIUIUTOUTBINITHIAI MU IUNTITIUIUNTA
fmeuiniy 3 fvilnaviheusndesiian venanidlesiuiuseulunmsfumeney
1N 3 wuinesvlinadnsvesaniinusuiiawindunselifinnsasuulas sy

UIUTBUNMIMIAABUTLVINEANTGAINY 3 58U 99V IaIUTIIMIEauTign

4.3 AATITHNANISNABDIINNTZUIUNITIANITI

Ly

ANSNAABIIAA1AUNISHAR AT IUTLATUINADIFDIUNITAISIUAUIT LT IR UGN T

]

VA o

FRLAINN150DNLUUTUADUNITIABIAUNISNAATIVNA 3 JUMDUY LAgN1TUNIINTABLAY

e

¥ o w

ToINALUNTEUIUNINEAYBIAINENIALUNTTUFUANAAS MY ANUaUsalUNITHERIY
YDILAS BITNT HALNITINAIN UIIULYILAT B9 NTVDIA10819ANE 9% 2l UN1TNAABITIUIU

30 F19E19 WAAHAANFTIINNITOBNLUUTUABUNITINAINUNISHER fImalUT

¥ 1
v a Y L4 ] [

Tunouil 1 MUAN1INYaINsTUURKEnAMY Ialinslduselevivesingauly

[ ' i '
a A

= a Y a o S d ia ey ad
wngaaziinsanandadelunssuiunisundn dwielull Nunudiuidedinuniieanaly
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= [

NNSNARAUAITINAUUULATDIINTHAEINUBLALIANALINUABANSULTVUSUT WY 1 AST BUAVD

Y

v a a b = !

nAvazsenduriiafedtu anununvesingivdedvuawintiy uazauguuesulium

q

peeneiuldiAy 2 wih Wieiarsanaindadunisndadenandadudwalilusunsudiaes
anunsalanunTadanauanulanavan 19 nqu fegiadu dun 1 ldamnsatuguivium
au 9 16 dnlidunguaiud 1 wazdud 4, 5 uaz 13 @wsetuguhuduuuniosinsifeiu
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a;' v ! & v v & =
M99 4.3 %@Haﬂq&l\ﬂu‘mﬂﬁﬂﬂﬂl@ﬂqﬂmumaum 1

nduerudt | wfiedudr | awda Guail) | Stwau Cavity | Usunnisudn (3u)
1 1 19.20 1 100
2 2 18.50 3 1,500
3 3 18.50 3 1,500
4 4,5,13 20.00 10 1,600
5 6 16.60 3 6,000
6 7,17 25.80 3 2,500
7 8 23.00 4 1,000
8 9,10 18.00 2 200
9 11, 18 16.00 8 2,700
10 12,15, 16 17.00 10 1,600
11 14 20.60 8 6,850
12 19 13.80 2 500
13 20 22.10 3 1,300
14 21,22 24.10 2 200
15 23, 29, 30 20.70 5 3,470
16 24, 25 20.70 2 1,100
17 26 15.30 1 1,100
18 27 25.00 2 2,000
19 28 16.00 1 1,000

JURDUN 2 ANUANUTITOVDINITHNANIIUYDUATBIINT NINTUNINTITLWALIDINNA
TUNNSNANVDINUN U AN LA NUNHUNLNUDLATDIINT B IAgNUNLURUNADVUIATB I UT
ADINITHNAN FI9LUVUIALANANAUIUNITHANINULABLILA LATNUN LHUNUNADYUIAUD
Tr0AuluNITHER TIVUIAVBILHUTUNVDUATITNT A kag B Azdvunauanmeny fadl

dl U = 1 Y dl %) = 1 Y =
LATDIINT A XLAMUYIWAINU 1.3 LUAT LAZLATOIINT B 92UANULINNINU 1.0 LUAT 39

AINaliATEIINT A @1UT0KARUIATIUIUNINAINATOIENT B AU URTNUARIANNT e
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& A a ¢ 1:4' o = a & = o ]
AMMWUNBNUNUNVDILATDIINT B JWUAIUAIUITOVDINITNANINUNGATDINNT A AL B Lel

Aad A 1a ¢ A A a e = o a = o "
SNUNUNUNLUALWLINNITWUN N UNUNVDATDIANT B ALFUITOANANUULAIDIINT A INT1UU

v [

WeNa1sanntadeuardedninlunisudnnuinngueun 2, 3, 4, 10, 11 uag 13
aunsananulauLATeIdng A Wity wingunun 1, 5-9, 12, 14 Ui 19 @ansaninaiy
lAuuA3099NT A Uay B LARIAINIT1N 4.4 InenueaY 1 WnungueuiauIsondnuy

a Y] S vy ! Ao a = o S vy 4:4' v A
Lﬂﬁ@ﬂﬂﬂiuu‘lﬂ WazuugeY 0 LLV]UﬂQQJQWUVl‘bJa']ﬂJ'ﬁﬂNaWUULﬂﬁ@\?ﬂﬂiu‘lﬂ:ﬂ I@IEJL?’]TEN"UﬂTV]

[
v o

= = 41' o Ql' & = A
aulafnwilunIesdnsfiannnsaduguiigagginianmunveslssunsadnwinuing

U 2 LATDY FAUATDIINTNIG 2 1A DILANUAINITOLUNISHANLANANA ULAL A NWUENIS

YU DUN Y

d‘ d‘ d‘ ¥ o U a U
#1379 4.4 NE]‘LJVLGULﬂi@ﬂﬁ]ﬂiﬁ’]%iUNﬁ@ﬂ@ﬂJﬁu

, o Lﬂéaﬂﬁﬂiﬁﬂﬁﬂ'ﬁﬂwaﬁ‘lﬁ
NHUIUN 3 B "
LAFDNANT A LA9D93ANT B
1 1 1
2 1 0
3 1 0
a4 1 0
5 1 1
6 1 1
7 1 1
8 1 1
9 1 1
10 1 0
11 1 0
12 1 1
13 1 0
14 1 1
15 1 1
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= = 4w o W A ] '
A9 4.4 LQ@‘NIEULﬂi@ﬂﬂﬂiﬁ’]%iUNaﬁ]ﬂQiﬂmu (n9)

g \n3aednsiaunsnanld
NENIUN — —
LA3B4INT A \A3849NT B
16 1 1
17 1 1
18 1 1
19 1 1

[
[

fumeudl 3 Sadrdunduaudiedosdng Tagldmsudsnguenuiomn 19 ngu ild
ndumeudl 2 utseanifiu 6 naueos naNEBEAY 3-4 NY AUAINANLNTTBINTHAAUY
i3eadng wagldlusunsy Flexsim lunsuszananamnayinuTNYeIlsaznguug e
LAnIRIn15997 4.5 Tagnuneias 1 wnung naudianunsondauung eadnsiuld was

LAY 0 Wnunguanuildanunsondnuuesosdnsiula

M131991 4.5 NMshUanguuge

NG o \wesdnsianunsandnld AU INYDITZUY
T NGNIUN T - .
gaey HAFD9ANT A 1A3993NT B (Aun)

1 2 1 0
1 3 1 0 28,900.00
1 a 1 0
2 10 1 0
2 11 1 0 37,145.00
2 13 1 0
3 1 1 1
3 5 1 1 63,837.20
3 6 1 1
4 7 1 1
4 8 1 1 20,158.00
4 9 1 1
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d‘ 1 U 1 1
#1590 4.5 ASLUINGHINULBY (nB)

N9 L4 \nTasdnsiausananld LIANMNUTINVIITLUY
I NERNTUN & o S o A o
gaehl lAT89ANT A | LATBIINT B (Qui)
5 12 1 1
5 14 1 1 27,425.80
5 15 1 1
6 16 1 1
6 17 1 1
80,015.00
6 18 1 1
6 19 1 1

a a v

ntualEIsiiugnIsulunsAumaduulazinsosdnsnwangaulunsuan
Taglduunuseynsviniu 40 LagduauseudmSUMAINeUWINY 3 Wead1ausevng
Sus ntuYINsUsEusAtuIngUIEasd iefmunfiinUsyansnIneeenssuiuns
IANITNAITHEN We2T9A1UIUNAT Fitness value Tagld Fitness function wagmiAAI1y
1 < QI 4 Aﬂl U A 1 (% s (% s 1% 1 1
WaziluvesUszunsisudau wisldlunisAndenneiuguiliusuaznisasiesuszvinssulng
dmSuAumauIULAZAT 839N IUNTHERTVINIELIA1YINIUTINYBITEUUNSHERRANT AR

NUNTIUNM I WASNENATIAALUATIN 1 vibAIa1YIuTINwiNiU 184,285.80 AT 2

£
Y G

T 181719 U520 1A U 168,108.00 TUNT AS 99 3 119381919 USIULN AU
160,840.20 Ju191 wagATINl 4 v lavinusueafanyiniy 137,082.20 U9 LAAIAS

AN519% 4.6

M13NN 4.6 UIUHATNETATEN

Surukadnsiiangn (a5e) 1IAMNNIUITINVBITLUUNITHER (Fui)
1 184,285.80
2 168,108.00
3 160,840.20
4 137,082.20
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Z’}Ee
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N

Ngnlunsinzasaaeyin AN a N vaIa1YNILanaUN TN TN INa NS IR Nga lua

FavilvinadnsveaaninnusuiAdosfign wagyinlvinadnsueaiaruTIINgEY

[ |

NianmaLiniu 137,082.20 Jundl wazdrunguaulunsHanuuAIeednsiinliiiawinau

a A !

JWANGA AD NRUIUN 2, 3, 4, 10, 11, 13, 1, 5 ude 6 NAAUULATEIANT A AINAIAU Uag

q

a

NAuUN 16, 17, 18, 19, 12, 14, 15,7, 8 uag 9 HANUULATEITNT B AUEIAU LAAIRINITI
a o o w a d‘ v A o 14 o o a

7 4.7 wagn1511a1a un1SNEAULLAT 833NNV IR UsIa N aalUUssaaRauy
LUsunsy Flexsim #ud1viliaa1vinausInyesssuunIsnanyiniy 137,060.10 Uil uans

Faguil 4.12

AN5199 4.7 Hannaesuuluswnsy Microsoft office excel

Ardungusuiiananse .
. o -~ . 1I89INUTINANER (Aud)
QGEEEIVERINT NAAUULATINANT

393N A \AS8Ns B \A3093NT A \A393nT B

1 2,3, 4 - 28,900.00 -

2 10, 11, 13 g 40,745.00 -
6 - 16, 17, 18, 19 - 80,015.00
5 - 12, 14, 15 - 31,025.80

3 1,56 - 67,437.20 -
4 - 7,8,9 - 23,758.00
39U 137,082.20 134,798.80
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#4% FlexSim 2021 - Run GAfsm

File Edit View Execute Statistics Debug Help
A s A~ H~H~ A3 if Tooks [ excel TgTree B Script .4 Backgrounds @i Dashboards #3 ProcessFlow i = @ [

[ Reset P run [l Stop Pl Step RunTime:  137080.10 ~  Run Speed: B Max -

Library x EE Fodel™ - x
{3 Ubrary | ff Toolbox | ‘
'

=] Fixed Resources Arrivals 19 = Labels S = @

#% Arrivals - Source - o

s Quewe Arrivall  |Product 1500 2 3 18.50
= Processor Sin AmivalZ | Product 1500 3 3 18.50
W sink Arrival3 |Product 1600 4 0 20
% Combiner Arrivald|Product 1600 10 10 17
B separator Amivals | Product 6350 1 8 20.60
o MultProcessor Amrivale | Product 1300 13 3 22.10
Arrival7 | Product 1100 6
Arrivals | Product 1100 7
Arrival9 Product 2000 18
Arrivall) |Product 1000 15
Arrivalll |Product 500 12
Arrivall2 |Product 200 4
Arrivall3 |Product 3470 15
Arrivall4 |Product 100 1
Amivall5 |Product 5000 5
Arrivalls |Product 2500 6
Arrivall7 |Product 1000 7
Arrival18 | Product 200 8
Amrivalls |Product 2700 3

@ source ‘ ItemName |Quantity | Type NumCavity |CydeTime |MC [Groupsub |

7 Conveyor

7 MergeSart

7 BasicConveyor
‘o BasicFR

-] Task Executers
() Dispatcher

gy TaskExecuter

Model Limit 10/ 30

@

a
[ I I S I N N P X CIN ISR Uy
plalsvwewoooelole el sloelele

@b W W e R e e R
B
El

Sourcel

[SPRTYRS nric

JUN 4.12 nasmsilauulusunsy Flexsim

a o 1

INNANITINANRUNSHAN LA TEIT LT INUTNTTUTINAUNT INaBIdn UNSallae Y

)

v o w

TUsN5Y Flexsim 2021 119594 21.0.7 @S UINAIAUINUULLATBINTHNOUILIATYINIUTIY

MNAN LA UINASNS NN LFIINNITBBNWUUTUNDUNISIAAIRUNISHARN WS B UL UiU

q

' [ '
caa v A

n3dnanulaguu Wmf’]mimmaﬁwwmﬁqmiumw a ﬁﬂﬁna’]ﬁwmmwﬁﬁq@whﬁ'u
137,082.20 U9 91nn1sUszalanauulusknsy Microsoft office excel wagianvingaIusIu
YBITLUUASNAAWINAY 137,060.10 FW7 31nn1sUsyananauulusinsy Flexsim unan
vhunNianganiian wazanansnaniainusvessruunsiaaduantegtuasld
WU 114,130.80 Funit Amdusesas 45.44 99n1auld19819M9u59010E sV
251,190.90 U1
YonaNiin1seenuUUTuReuNsIRafUNSHARSdwaltaunsadweuAud Ry
anAnlaviuadIuIY 16 NN %38 27 AIRg19dNAT wavdweudualiugnAtait
U 3 NFUNU Y39 3 M08 1FUAT INLFANYDINITINABIANUNITAUINTEUIUNTINA AU

Y 1Y

Jagtuaunsadaaudualaviuiaidnum 21 dreg19dus wagdaoudumliiugnaandd

Y

o
o

13U 9 Megedudl wazwesiduinisldusslenivesingAvainniseeniuuduneaunis
AP UNIINAARAELYINAY 99.56 AINANNTIAGIAUYDILTINUNEAUTTN ainanafin

Jagiuadewindu 77.38 Andudesay 28.66 uaninm1seil 4.8 uag 4.9 Falesiduinsld
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UszloivesingAuainnisesnwuudunaunisdnaiaunisuan Awalaannisiuseuiieu

& A oa 3 a [ a o 6§ @ 13 ¥ 4 [ a Ly
‘W‘N‘VILLNUW&J‘WGZJ’ENLﬂﬁ@ﬂﬂﬂiﬂ?iwaﬁﬂ“dL‘IJ’eJiL"?j‘L!Glﬂ’ﬁs[ﬂjﬂi%IFJ‘UusU’e]\‘i’JGIQG]UGUEN‘{jQ@Uu

M1319% 4.8 nan1sIaeINsInasulagiu

FoRudn muqtfaﬁiaauau mmu’iuﬁwam AAUAELYIULIAN %Mat
dUAN Lel39
duA 1 4 1 v 48.29
duen 2 2 1 v 80.60
duf 3 2 1 v 80.84
duan a4 7 1 v 79.41
duf 5 8 2 v 75.76
auAn 6 7 2 v 128.27
duan 7 9 3 v 73.33
duf 8 3 3 x 81.37
auA 9 6 2 v 71.53
duf 10 6 2 v 71.53
duen 11 8 3 v 74.38
duA 12 5 3 v 73.89
du 13 7 3 v 81.55
duan 14 3 4 X 78.72
du 15 8 q v 74.32
duan 16 9 3 v 75.58
duan 17 4 5 X 80.56
duen 18 6 3 v 71.62
duAn 19 7 4 v 49.20
duAn 20 3 4 X 79.46
duan 21 5 4 v 80.56
duan 22 10 5 v 79.44
duen 23 6 6 x 76.03
duan 24 8 7 v 71.43
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‘o UIUIUFINBY SuauTudinga . .

YadauUAN = NMMRUAAINULIAN %Mat
dudn BER)
duen 25 7 5 v 71.43
duen 26 2 7 x 69.70
duen 27 6 9 X 120.41
duen 28 5 9 x 63.77
due 29 9 9 x 79.23
due 30 9 5 v 79.23
AnedTndefidudnmslivsylonivesingiiv 77.38
5199 4.9 namsshassnsiaaduiildainnisesnuuutuneunsHER

. UWIUE WU Sruausuiinga . .

NHUNTU - o - AMNUAAINULIAN %Mat
dUAI Le39

1 4 1 v 70.80
2 2 1 v 80.60
3 2 1 v 80.84
4 7 2 v 152.60
5 7 4 v 77.27
6 4 1 v 115.75
7 3 2 v 81.37
8 6 5 v 112.18
9 8 5 v 74.38
10 5 2 v 145.84
11 3 2 v 143.27
12 7 2 v 75.56
13 3 3 x 79.46
14 5 2 v 128.89
15 6 5 v 145.80
16 7 6 v 112.65
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. UIUIUFINBY MUIUIUNHER . .
NENgI o . Avuedaiuian | %Mat
Audn W39
17 2 3 X 69.70
18 6 7 X 80.89
19 5 3 4 63.77
AdnvesUaiduinslduszlenivesingiu 99.56
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AU mmn"iﬂa‘uaa AINUYIIVBD 'ﬁuﬁuajﬁuﬁ
Yaduh Cavity WalNaW (3131.) MAWUW (131.) (M5.43.)
[1] [2] [3] [11x[2]x[3]
duan 1 1 325 450 146,250
du 2 3 325 450 438,750
duf 3 3 325 450 438,750
duf 4 2 265 295 156,350
duf 5 2 265 295 156,350
Auf 6 3 265 295 234,525
duA 7 1 265 295 78,175
duf 8 4 265 415 439,900
duf 9 1 265 295 78,175
dup 10 1 265 295 78,175
dui 11 6 265 295 469,050
dupn 12 4 265 295 312,700
dupn 13 6 265 295 469,050
duen 14 6 265 295 469,050
due 15 4 265 295 312,700
AU 16 2 265 295 156,350
dupn 17 2 265 295 156,350
duen 18 2 265 295 156,350
dupn 19 2 265 415 219,950
durn 20 3 325 450 438,750
dum 21 1 265 295 78,175
dupn 22 1 265 295 78,175
dupn 23 3 265 295 234,525
dun 24 1 265 295 78,175
duen 25 1 265 295 78,175
Aurn 26 1 265 295 78,175




d‘ o d" lﬂl Ia L4 1
AN A1 ATUIUNUNBUNUN (71D)

MUY A2IUNI9VDY ANYIIVDY NuRusifan
Yaduh Cavity WalNaW (3131.) MAWUW (131.) (M5.43.)
[1] [2] [3] [11x[2]x[3]
duen 27 2 265 415 219,950
dup 28 1 265 295 78,175
dup 29 1 265 295 78,175
dup 30 1 265 295 78,175

a o dslj d‘ 1 a 3 A Y
19NN N.2 ATUIUNUNLNUNUNYDILATDIAINT

AUNIN99B9 NufwiuRuvasaiassng (m95.44.)

YUATUAY WOAU () \n3a3dns A \n309dns B

[1] [1] x 1300 . [1] x 1000 wal.

duan 1 410 533,000 410,000
duf 2 370 481,000 370,000
duf 3 370 481,000 370,000
duf 4 430 559,000 430,000
duf 5 550 715,000 550,000
duf 6 430 559,000 430,000
duA 7 370 481,000 370,000
duAn 8 610 793,000 610,000
dum 9 500 650,000 500,000
duf 10 500 650,000 500,000
due 11 450 585,000 450,000
duan 12 430 559,000 430,000
duen 13 650 845,000 650,000
duAn 14 530 689,000 530,000
duen 15 500 650,000 500,000
duAn 16 650 845,000 650,000
duen 17 650 845,000 650,000
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AUNIN9UB4 NufwiuRuWvasaIassng (m5.44.)

ylladuA QAU (1) 1n3asdng A \A309dns B
[1] [1] x 1300 . [1] x 1000 .

duen 18 370 481,000 370,000
due 19 500 650,000 500,000
due 20 410 533,000 410,000
du 21 430 559,000 430,000
duen 22 430 559,000 430,000
due 23 450 585,000 450,000
duen 24 450 585,000 450,000
due 25 450 585,000 450,000
due 26 400 520,000 400,000
duan 27 570 741,000 570,000
due 28 370 481,000 370,000
due 29 430 559,000 430,000
duf 30 430 559,000 430,000
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AU 1 UsEnN1afkUswasauInuasuseasnng

| (General)

}:‘Dnst JOB=8§

Const POPULATION = 40
Const I[TERATION = ]
Public Best(JOB) As Intagar
Public OhjBest Az Singls
Public IProve As Integer

Public Gen(POPULATION, JOB) As Integer
Public Offsprings(POPULATION, JOB) As Integer
Public OLj(POPULATION) As Single

Public fVal(POPULATION]) As Smgle

Public Preb(POPULATION) As Single

Public CurmrmProb(POPULATION} As Single

JUT ¥.1 msUsgmiadiuds
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Puhlia Sub GAJ)
Dim p, 3, iter As Integer
OhBest = 999934
Provs =1
Math Reandomizs
Forp = 1 To POPULATION
Porj=1Ts JOR
Genlp, 7} = MathBnd * 99 + 1
Shests{"Date ). Cdlsip + 1, 1. Velus = Genlp, 1)
Meat
Call PindOBJip)
Mext p
Por iter = 1 To ITERATION
Call FindBest
Call FitnessWelus
Call CalPrak
Call Crossaver
Call NextiG=n
For p =1 Ta POPULATION
Cal PindOBJ{p)
Next p
Wt it
Ceall Beport
End Zub

JUN .2 a39Usennaisusiy
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duil 3 AwuadaznsussdiuanilanduingUssase

Publis Sub PindJBJEyWal p As Integs)

Dim ZortJob{JOB), WVelusJob(JOE) Az Integer
Dim j As Integer
Forj= 1 To JOB

ValusJoblj) = Genlp, i)
M=t
Dim m As Integsr
Dim mex Az Singls
Dim Indsr fAs Integer
Form =1 To JOB

mex = -9999

Ind=r = 2999

Forj= 1 To JOE

It max < ValuaJoblf) Then
mex = ValuaJobj)
Ind=: =3
End It

Na=iti

Zorobim) = Indet

VelusJobiInds:) = -9999
Nattm
Form = 1 To JOB

Shests|"Problem 7). Calzs(m + 1, 1).Walus = JortJobim)
Naitm
Objlp) = Chests{ Prablem ™). Calls(3 &) Valus

Shests|"Datz”).Odlelp + 1, T Velus = Op)

JUN ¥.3 MsmvuakagmsUssdiualanduingusseasd
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dU7 4 AUIUYIAN Fitness value wazArAuu1azidy (Probability) ¥eaUsyans

Private Sub FitnessValus()
Dim p As Integsr
Forp=1To POPULATION
fWallp) = 10000000 ¢ Obilp)
Shests("Tata").Cells(p + 1, JOB + ) Valus = fVallp)
Next p

End Sub

JUN ¥.4 AMuINMmAT Fitness value

Prvats Sub CalProb()
Dim p As Intsger
Dim oumm Az Single
Dim Total As Singls
For p= 1 To POPULATION
Total = Total + fVallp)
Next p
Forp=1To POPULATION
Probip) = fVallp) f Total
pumm = gumm + Probip)
CummProb(pl = camm
Sheets("Data”) Cellsip + 1, JOB + 1) Value = Probip)
Shests("Data”) Cellsip + 1, JOB + 4 Valus = CummProkip)
MNext p
End Sub

e" o 1 1 I~
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gl 5 nsdniden lneldi8aedesiand (Roulette wheel)

Private Function Selsoton) As Intsger
Dim r Az Single
Dim p As Integer
Math Randomize
1= Math Rnd

p=10
Do

rp=p+1
Loop Untl r <= CummProbip) Or p = POPULATION
Selepton=p

End Funeton

JUN 2.6 M3Anden



dwil 6 Myasuszvinssuln laglddsnstuaneiug (Crossover)

Private Jub Crozzover)
Dim omoos, tw, j, parl, pars Ao Integer
Math Rardomize
BFort= 1 To POPULATION Step 2
omogs = CIetlZ 4 Matk.Ezd * {JOB- 2- 3]}
parl = Jdeotioz
parl = SJdsotion
w=w+1

Cellzbw, 1).Velus = orooa

Shesm| Datel

Shestn|"Dat=l’

Lelohw, ZiVelus = parl
Skest|"Datal™).Calafw, 1) Valus = pard
Porj= 1 To omaz
Offopringalt j =
Oifapringalt + 1, ji = GenlparZ, jl
Nait]

Porj= omooz 4+ 1 To JOB

w=w+1
Porj= 1 To JOB
Shestn|"Date3"h.Calafw, jL.Value= Dffopnzgeit, i}
Na=it;
w=w+1
Porj="1 To JOB

Sheetgi DataZ ).Calohw, j Welue= Offoprzgeit + 1, j

JUT 2.7 38n15tnuaneiug (Crossover)
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Private Sub FindBest()
Dim p, | As Integer
For p = 1 To POPULATION
If ObjBest > Objlp) Then
Prove = [Prove + 1
ObjBest = Obilp)
Fori=1 Te JOB
Bastll) = Genlp, i

Mext j

sheets("Datal”) Cells(lProwve, 1) Valuse = IProve

Sheets("Datal”) CellsiFrove, 2) Value = ObjBast

End If
Mextp

Hnd Sub

SUN 2.8 NS madnsvesdIfun Uy auian

Povate Sub NextGenl()
Dim p, 1 As Integer
For p ="1-To POPULATION
Forij=1 Te JOB
Gen(p, 1} = Offsprings(p, i
WNext |
MNext p
End Sub

JUN 2.9 Mamuszansulvg
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Prvate Sub Report)
Dim ZorJob{JOEB), VelusJob(JOE) As Integer
Dim j As Integsr
Forj=1 To JOB
WaluaJoblj) = Beatl)
MNatj
Dim m, Inds: As Intsgsr
Dim max Az Zingls
Porm =1 To JOB
max = -3938
Ind=: = 2082
Forj=1 To JOB
It mex < VelusJobi)l Then
max = Valualobj)
Ind=: = j§
End It
W=t
JortTobim) = Inda:
WalusJobi{Ind=:) = -9888
MN=itm
Form = 1 To JOB
Fhests|"Problemm ™). Clzsim + 1, 1.Velus = JomJobim)
Naitm

End Zub

JUN .10 MsuanIHadnsila
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Avunkasvildianiniussifiae (Makespan) S sfnwuanifudayanssurunsrususaznsdadiduntiniievos
samundnusssiasivassdin vrdwssavlipwilinsfafillsovnnesnuiduelswdng demalifimfnsmsiadduns
udnegrnthazw lnonsdedrfunsudnozamiodszaumsaiveai munuludwnununssdiseseiadislums¥anisms
sdnlianansonsrsauldimm dedwumsdalegiuliedndfoneuiion SideldMiumntndasmmumsdirlfifasin
madaafiululfnustasfumdmevionassufigadmdunszviun siaddiunsudinvuadaadng uasinmsdians
apumsainuimsdadidunsudslaslivedianisdassouasdiamroalimadenfilululdfmen 60 madon uae
mudenibinadwifomrafgalevarhansiuiu 96,018.01 Tl sxnaaniusansnsiddumisedatsgiaiiu
208,850 "t lawanngoasaaniiews nildiviadiy 112,831.99 Tufl Aedhdouas 54.03

Ardity
msdedaiemasdn wisdnsuuunne nevhoune ombrdesmeunra Tseukdayssydusinasin

Abstract
The purpose af this study Is to use simulation technigues to examine the production scheduling process for parallel

machines. This examination foguses on mproving the work sequence b the machene and making the maost cost-effective
use of raw materials, as well as delivering qeods on time to customers and feducing total uptime {Makespan). After
examining and collecting data on the planning and sequencing operations of the plastic packaging factory, it was
discovered that there was a problem In determining how to assign work to the machines due to a lack of systematic
analysis of preduction scheduling. In addition, the sequence is based on the planner’s expenence in the production

planning department, so scheduling systems and tools can't tell if the curent sequence is the best one. The researchers
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then used simulation technigwes to create all possible altematives and identify the best solution for the sequencing
process on the machine. The simulation results showed that sequencing using simulation techniques can create a total
of 40 possible altematives. In addition, 96,018.01 seconds i the most ideal total uptime, compared to the 208,850
seconds that the oument production sequence worked for. This reduces the total uptime to 112 85199 seconds by S0%.

Eeywords

production sequencing, paallel machine, makespan, simulation technigue, plastic packaging factony
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ABSTRACT

The purpose of this study is to use simulation techniques to examine the production scheduling process for
parallel machines. This examination focuses on improving the work sequence in the machine and making
the most cost-effective use of raw materials, as well as delivering goods on time to customers and reducing
tofal uptime. After examining and collecting data on the planning and sequencing operations, it was
discovered that there was a problem in determining how to assign work to the machines due to a lack of
systematic analysis of production scheduling, so scheduling systems and tools cannot tell if the current
sequence is the best one. The researchers then used simulation technigues to create all possible altemnatives
and identify the best solution for the sequencing process on the machine. The simulation results showed
that sequencing using simulation technigues can reduce the total working time to 112,831 99 seconds by
54%.

1 INTRODUCTION

Plastic manufacturing is an important part of the Thai economy because it adds value to the system and its
economy is worth hundreds of billions of baht each year. According to the statistics of the plastic products
industry insights analysis center in 2020, Thailand has a value from the plastic product processing industry
for domestic use of over 8.4 hundred thousand million baht. It has a growth rate of 0.9 percent from the
previous vear. In addition, the plastic packaging industry. the country’s main plastic product processing
industry, generates a value of more than a 200-billion-baht, accounting for 24.3 percent of the total value,
and has a growth rate of 4.5 percent compared to the previous year, which was predicted. This is expected
to result from the coronavirus disease 2019 epidemic that has resulted in changes i consumer behavior,
with consumers paying more attention to health and hygiene. In addition, the level of competition in the
plastic products industry is expected to rise. Therefore, in order to maintain the business and strengthen its
competitivencss, the strategy must be modified to the present circumstances o satisfy the demands of
consumers. The mast impontant factors that affect production and business operations include timely
deliveries of goods, resources, and raw materials, ete. These factors are eritical because they will enable the
company to accomplish its goals. The production planning and scheduling processes are tools that play a
big role in managing production factors and making it casier for businesses to adapt to changes in the
market.

This study focuses on the plastic packaging factory, which is a medium-sized industry that makes on-
demand products for customers. It produces a wide variety of plastic trays for automotive, electronics,
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consumer, medical devices, and hard disk drives in various forms and quantities at a certain time under the
same production line. In addition, there are five production bases in 3 countries, resulting in 200 full-time
employees, 15 production machines, and a monthly production capacity of up to 1.5 million plastic trays.
The study found that the tion scheduling problem in this research is very complicated because plastic
tray packaging has a different number of cavity, production materials, and sizes. Due to the demand of
customers who need a variety of products, plastic packaging factories face problems in the production
scheduling process. It was found that the planning employees did not study how to organize the production
systematically. The production order depends mainly on the experience of the planning emplovees in the
production planning depanment who decided to set the machines based on the delivery date of the products
to the customers. As a result, the total working time is large, the production of products is not in time to
meet the needs of the customers, and the utilization of materials is lower than the organization's target. As
the production scheduling problem is a complex process, it needs different techniques or methods to help
optimize work priorities. In addition, the current production scheduling tool from microsoft office excel is
inefficient because it cannot verify that the cumrent planning and scheduling process is producing the proper
results.

Therefore, this research was conducted to arrange production scheduling on parallel machines by using
simulation techniques and Flexsim to find the most suitable alternative to sequencing production on
machines according to practical conditions and constraints without compromising on the actual work
system. Some other advantages include knowing what will happen i the future, using production
sequencing choices efficiently, and delivering products to consumers on time.

1 RELATED THEORIES AND STUDIES

11 Related Theories

Production scheduling is a decision-making process for allocating tasks to limited resources such as people,
machines, and equipment, as well as the time it takes to complete tasks (Snphol 2017). It is 8 process with
different characteristics according to limitations and process conditions that make up a scheduling system.
They are produced in a varety of styles and are very complex (Kurukideumchom 2013). Therefore,
business organizations need to find techniques and methods to enable production scheduling to achieve
their goals (Lalitaporn 2002). This research aimes to study the production scheduling of parallel machines
with the same operating characteristics and working patterns but different production rates (Chutima 2003).
Computer simulations are used to mimie the behavior or operations of various operating systems, such as
industrial production systems, services, transportation systems, etc. (Thongprasert 2001) It is beneficial to
analyze current operations and find the most efficient operation method without affecting the actual
operation {Jongkol and Paramom 2010).

Parallel machine scheduling is 8 scheduling solution with a vanable number of jobs, production time,
and delivery deadlines for different customers (Sudpum and Limnorarat 2008), including constraints of
Limited production machinery. The capacity of existing production machines has the same or different
performance depending on the service life or technology of the machines (Wongkmie and Wangwatcharakul
2021). Suppose the parallel machines used in production have different performances. In that case, it will
result in different work completion times, which may result in the production of products that cannot keep
up with customers” needs. Therefore. the production scheduling of parallel machines requires efficient tools
and systematic management to respond to customer needs on time.

11 Related Studies

Capute, Mose and Guiz (2009) used a simulation to help schedule production, using OptQuest in Arena
software to analyze possible sequences in the production process. The operation procedure began with
allocating resources to various workstations, followed by writing commands to process production data
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using VBA code in the database, and finally bringing the processed data into the simulation model.
According to research, Arena software can assess the best solution for the production scheduling model.

Cheng and Chan {2011) used simulations to assist in production planning to find the minimum total
working time using the Flexsim simulation program. It starts with taking production data from a Microsoft
Office Excel spreadsheet and processing it into a Flexsim model by grouping the data as much as possible
and sorting the data group that gives the highest Slack time to production first. According to the simulation,
improving production sequences resulted in decreased slack time values but longer mode] processing times
to select the optimal solution.

Tharana, Chukijrungrog and Wiriyaphong (2012) developed a production scheduling method of printer
machine in corrugated boxes industry to minimize the total working time by using a two-step solution as
follows: work grouping. which uses a mathematical model to optimize work for machines; and 2) a work
sequence applied based on the earlicst deadlines and time-consuming tasks. According to the findings of
the study, the production scheduling method can boost production scheduling efficiency by 7.83 percent
when compared to traditional production scheduling.

Kongsomboon (2012) developed a method for scheduling the production of plastic injection molding
factories to reduce the number of delays (products that are not produced in time for delivery). Since the
case study factory does not have a plan to purchase raw materials and relies on the employee’s r.:tp-:ri.um:
in scheduling production, it results in the wrong delivery date with the customer. This research has
developed a computer program to help estimate the production time and find a method for forecasting the
appropriate number of raw materials. It is also used in the planning and scheduling of production using the
heuristic method using the fastest delivery time priority rule. The study's results showed that the number of
factory delays in the case study was reduced from as much as 39.93% to 16.57%.

Pushpakom (2014} presents a production schedule to produce printed plastic bottles in order to
minimize the total untimely delivery by using a 2-step production scheduling method as follows: 1) work
segmentation where tasks are set to machines using the earliest delivery date prioritization rules taking into
account production constraints and customer priorities. 2) sequencing tasks to machines using a Tabu
method to find the best results. From the study, it was found that such production scheduling gave the total
late delivery times less than the old production scheduling by using the first-come-first-make mule by about
5% and the production scheduling time was shorter than the old production scheduling method using a
first-come-first-make rule by about 0% in every stage of work.

According to Leawin (2017), a mathematical mode] called Mixed Integer Linear Programming was
used to identify the shortest system shutdown time by transmitting it to the NEOS Server for processing.
Because the data is big and there are numerous variables, the software CPLEX with a larger server is applied
to assist the analysis. Studics demonstrate that using CPLEX on NEOS servers reduces system shutdown
times by 1749 This research focused on reducing system shutdown time and avoiding other production
cosis.

Chaiyacod (2018) presented a method for scheduling the production of machinery for forming tires o
reduce the total cost of labor and electricity costs using Mixed Integer Linear Programming, which is a
mathematical model. It was used to solve problems using OpenSolver and Gurobi 7.5.2. The manufacturing
process has its limitations. Some machines cannot handle specific sizes of work, and the order in which
they are made has an impact on how long it takes to set up the machine. The study found that the total cost
could be reduced by 328 848 baht per month, or 13.3%.

Wonglrue and Wangwatcharakul (2021) have proposed a strategy for scheduling production 1o
minimize the number of machines used, boost machine utilization efficiency, and reduce the system's
overall cost. This study used mathematical modeling to find optimally appropriate aliematives. The research
indicated that combinmg henristic scheduling with traditional production scheduling methods produces
better results. Compared with the overall system, it was 13.43%.

A review of the relevant literature revieals that the production scheduling problem of parallel machines
is & given problem. Methods for determining the minimal total wptime and the best solution have been
developed continuously. Furthermore, computer simulations are used to assist in managing production
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scheduling issues and determine the most suitable solution. Therefore, this research applied Flexsim (30
simulation modeling and analysis software) to develop the production scheduling of parallel machines ina
plastic packaging factory.

3 RESEARCH METHODOLOGY

The first step in the implementation process was to look at how the plastic packaging factory planned and
sequenced its work. Then the environment of the current operation was analyzed and collected data in the
scheduling process. The results of the collection and analysis of such data were used to create the current
production sequencing model. The model’s validity and accuracy were then examined, and a sequencing
design based on the factors in the production process was created to develop the model for identifying the
appropriate sequencing. Finally, the results obtained from the experiment were analyzed and summarized.
The procedures for conducting this research are shown in Figure 1.
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Figure 1: Procedures for conducting this research.

31  The Gieneral Characteristics of Plastic Packaging Factory (Case Study)

The case study of this research was a factory that manufactures vacuum-formed plastic packaging, primarily
producing products according to customer demand. The production process in this case study is complicated
because thers are so many different types and quantities of goods being made. The planning and production
scheduling procedures depend on the expertise of the production planning staff, who prioritize production
based on customer delivery schedules to satisfy customer demands quickly. and they would like to eam
consumers' trust and lovalty. In addition, there are two machines used invacuum forming plastic packaging
that have the same function but different production rates. The process of planning and sequencing for the
factory case study is as follows:

1) Receive orders from customers.

2) Search for data and record production rates in the Master List on Microsoft Office Excel.
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3) Plan production by taking into account the delivery schedule, products, and mold sizes.
4) Examine the matenals used in the production process.
5) Record the production scheduling plan.
Note: If an operation is urgent, the staff will change the production plan to meet the customer’s needs.

3.2 Collecting Data and Analyzing The Production Scheduling

The data collecting phase started with interviews with employees in factory case study. The data collection
started with interviews with employees in the factory. In addition, the researcher also asked for samples of
products produced for customers to use as samples in the research. There were eight samples of products
used in the experiment with the ability to be produced on different machines. Examples of products used in
the study are shown in Table 1.

Table 1: Examples used in this study.

Production time | Number | Production rate
Product (secomds) of Cavity {pes per day) Machine
Product 1 158 1 3,00 6
Product 2 12.0 2 4,904 b
Product 3 11.6 2 1,006 6
Product 4 11.6 2 440 6
Product 5 27.0 1 1,006 3
Product & 27.0 . 3,00 3
Product 7 239 2 10,000 3
Product 8 11 2 1,006 3

Note: The machine setup time is one hour for each product.

From Table 1, the production of plastic tray packaging will have cavities for food or others. In the
production of plastic trays, customers make production requirements, including the number of cavities. For
example, if the customer wants one cavity, it means that the plastic tray must be produced with only one
cavity per plastic tray. However, the customer wants two cavities, which means that the plastic tray must
be produced with only two cavities per plastic tray.

3.3 Simulation Model of The Current Production Scheduling

Maodeling simulation with Flexsim software for the sequencing process starts with defining all the units
used in the model. It would then be emcial to design the machines and tools that were utilized in the
experiment. In the next step, parameters were defined to assign different properties to the simulation model.
Once the simulation was complete, the program would be run to view the results of the expeniment.
Following that, the simulation model’s validity and validation were checked, as shown in Figure 2.

ey

Figure 2: Simulation of current production scheduling.
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34 Verification and Validation of Simulation Model

Computer simulations should first be checked to make sure they are accurate and work as close to reality
as possible. Based on the validation of the simulation model, it was found that the model can operate in the
actual operating environment and has no error notifications. For the model validation process, the
rescarchers compared the current total working time and the model total working time using the Minitab
program to calculate the statistical values. It started with checking the distribution of the data by using the
Normality Test to sce if the data sct has a normal distnibution (Thongman and Samattapapong 2021) as
shown in Figures 3 and 4. The test results showed that the current sequencing process P-value was 0.200
and the simulation model was 0.359, where the P-value of both sets was higher than the significance level
determined in the test, 0.05. It shows that the distribution of the two sets of data is normal. It is then
examined whether the simulation model can be representative of the current scheduling process using the
Paired T-Test. The test hypotheses are:

HO = The model can represent the current sequencing process.

H1 = The model cannot represent the current sequencing process.

The result of the Paired T-Test to compare the current sequencing process with the simulation model is
shown in Figure 5. It was found that the P-value was (.748, which was higher than the significance level
determined 1n the test, 0.05. The developed sequencing process model was found to be acceptable and
capable of representing the functionality of the current sequencing process.
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Figure 3: Results from the Normality Test of the current scheduling process.

Figure 4: Results from the Normality Test of the simulation model.
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Figure 5: Results from the Paired T-Test.

139



Panasri, Samattapapong, and Sangthong

The number of replications was then determined (Noinual and Wasusri 2012), such that the model
processing ervors could not exceed 10% of the mean (Christopher 2004). The formula is as follows:

Standard Error = t, s +s/yn

—
z

where
W = Number of replications
n = Amount of data for replications
t = Use the t-table to find t-values for a confidence interval.
5 = The standard deviation of ten initial processing replications
e = Acceptable Error Value is defined as being less than 10% of the average.
According to Table 2, a preliminary simulation result with 10 cycles and a number of rounds of 10
cyches gave an error value of 16.17. This is higher than the acceptable error value. Therefore, the appropriate
number of replications must be recalculated as shown in Equation 1.

Table 2: At 10 cycles, the model error i1s calculated.

Mean 20885140
Standard Deviation 2260
tforalpha= 006, 9d.f | 226
Standard Error 16.17

_ frrexzrEOnt _ ! .
N= [:T} =2613 = 30 (n

The result of the calculation using the number of repetitions of 30 showed that the emor value was
1031, which was higher than the acceptable error value as shown in Table 3. Therefore, the appropriate
number of replications must be recalculated as shown in Equation 2. And after 32 repetitions, it was found
that the error value was 991, which was less than the acceptable error value of 10%% of the mean, as shown
in Table 4. Therefore, the number of replications was 32.

Table 3: At 30 cycles, the model error is calculated.

Mean 200EE49.4T
Standard Deviation 27.61

t for alpha = 0,05, 29 df. | 2.05
Standard Error 10.31

Table 4: At 32 cycles, the model emor is calculated.

Mean ZOHE49. 66
Standard Deviation 2749

t for alpha = 005,31 df | 2.04
Standard Emor 9.91

_ frosxzTely? _
N= (W) = 3189 = 32 2)

140



Panasri, Samattapapong, and Sangthong

3.5  Design of Production Scheduling

For the current production schedule of the case study, the production planning department will plan the
production. The planning staff receives orders from customers, and then they will plan the production about
a day in advance. The capacity of the machine was then determined by considering the machine’s size. The
production plan will be then forwarded to the production team, who are responsible for producing the work
each day under the purchase orders. From the study of the planning and production scheduling of the plastic
packaging factory, it was found that the problem was caused by not systematically studying the method of
sequencing the production. The production order is based on the expertise of the production planning team,
who assign jobs to machines based on the customer's delivery schedule. As a result, the use of raw materials
is lower than the goals of the organization. As well as the production sequencing tools that use Microsoft
Office Excel, it isnt possible to see if the current planning and sequencing processes ane working well.

S0, this research has planned and sequenced production to find a way to arrange the production order
that is best for the most cost-effective use of raw materials and the fastest delivery of products. Additionally,
it minimizes overall uptime. The design of the production sequencing is divided into three major processes.

*  Step | the ability to form a pair of produets.

*  Step 2 Machine Productivity

*  Step 3 Scheduling the work into the machine

A computer program called VBA (Visual Basic for Applications) is used to make decisions and find
possible alternatives in Microsoft Office Excel. The design takes into account factors and limitations in the
production process of all eight samples of the product. All possible alternatives were imported into the
Flexsim software.

Step 1: The ability to form a pair of products from # samples.

It can be considered by the factors of production, including mold area, type of material, and material
thickness, as well as mold height. It can be derived from the aforementioned production factors, resulting
in the grouping of all four workgroups. For example, product 1 cannot be molded with another product, so
itis in workgroup 1. Products 2, 3, and 4 can be molded together on the same machine and at the same time,
so they can be in workgroup 2, ete. The resulis of the decision in step | are shown in Table 5.

Table 5: All workgroup information was obtained from step 1.

Production ime | Number Production rate

Worlgroup | Pr ! (seconds) of Cavity (pes per day)

1 1 18.8 1 3000
2 134 12.0 ] 6,340
3 5.6 27.0 3 4000
4 7.8 2319 4 11,0600

Step X Machine Productivity of four workgroups
From the factors and limitations of production, it can be considered as follows:
* Machine 3: The mold area can be less than / or greater than the area of the sixth machine's printing
late.
. ‘I;:hchm.c fi: The mold area must be less than the area of the sixth machine’s printing plate only.
Based on the factors and conditions of production, workgroups 1 and 3 can produce work on machines
3 and 6, whereas workgroups 2 and 4 can only produce work on machine 3, as indicated in Table 6. It was
also discovered that the number 1 represents workgroups that ean be produced on that machine, while the
number 0 represents workgroups that cannot.
Step 3: Scheduling the work into the machine
The permutation and combination approaches were used to determine all possible workgroup sequences
based on the machine characteristics. As a result, it came up with 40 alternatives.
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Table 6: Limitations of workgroup-producing machines.

Available Machines

Machine 3 Machine &
1 1

Workgroup

e [t | b [ =

1 i]
1 1
1 0

36 Improving The Model of Production Scheduling

From the design of the production sequence, all possible alternatives were pulled into the Flexsim
simulation software. The schedule of production by using the experiment tool is shown in Figure 6.
Performance measurement tools and parameters were used to set up production parameters and conditions.
The work being done on the machine includes figuring out how long the production system has been
running. Then, the software was run to examine the Flexsim simulation program's findings.

M et (N DA (DU R U SRR Ao L
St e B

[

Figure 6: All alternatives were defined using the experiment tool.

The production sequence m the Flexsim simulation program starts by importing the production data
processed in Microsofi office Excel into the Flexsim database. Next, set the production machine data and
all possible production sequences using the Parameter tool. After that, set all possible altematives obtained
from the microsoft office excel processing on the Experiment tool, as shown in Figure 6. Then use the
optimizer run tool to process the lowest total run ime of the model.

4 RESULTS

Creating all possible options for the lowest total uptime of sequencing on parallel machines involves three
sequencing steps. They include the ability to form a pair of products, machine manufacturing capabilities,
and the ability to schedule work on machines. It was discovered that all four workgroups can be grouped
by eight product samples, and each workgroup can produce jobs differently. Furthermore, the order of
workgroups influences the overall uptime of the different systems. Therefore, this research generated a total
of 40 potential sequencing alternatives for two machines. The result of simulation with Flexsim software is
showm in Table 7.

From the simulation results using Flexsim 2021 version 21.0.7, it was found that workgroup 2 and
workgroup 4 were produced on machme 3, and workgroup 1 and workgroup 3 were produced on machine
i were the most suitable choices. This is because the production time s as low as 96,018.01 seconds
compared to all possible alternatives, and the total uptime of the current sequencing system was lowered.
Originally, the total working time was 208 350 seconds, which was reduced to 11283199 seconds, or 54.03
percent. A great production scheduling process can also result in the tmely delivery of products to
customers and the utilization of material of plastic packaging factories mcreased o #8.23% from 61.25%,
resulting in meeting organizational goals.
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Table 7: Examples of experimental results from simulation.

Alternative Machines Total time
Machine 3 | Machineg | (Second)

15 2.4 1.3 601801
26 2.4 3.1 99, 591.01
77 4.2 1.3 96,0501
7% 4.2 3.1 99,591.01
] 1.2.4 3 141.997.01
0 .42 3 142008901
31 2. 1.4 3 1435.597.01
EX] 4.1 3 145.597.01
33 41,3 3 1435,609.01
7] 42,1 3 145.597.01

5 DISCUSSION OF RESULT

This research studied the production scheduling process by using simulation techniques with Flexsim to
find the appropriate workflow for the production on machines according to the conditions and constraints
of the actual production process, to find the lowest total uptime and be able to deliver the product on time.
According to the study of plastic packaging factories, it was found that the problem is from the planning
employee, who did not know how to arrange the production order systematically. Moreover, the production
order is based on the experience of the planning employes, resulting in large total working time and
insufficient production of products according to customer requirements. In addition, the current production
scheduling tool from microsoft office excel is inefficient because it cannot verify that the current planning
and sequencing processes are producing optimal results. Therefore, this research has designed a total of 3
new production sequence steps as follows: product matching capability, machine productivity, and machine
work ordering. The experiment's results using simulation technigues showed that the program was able to
sequence the tasks that reduce the fotal working time. Therefore, having the right techniques or methods
will increase the efficiency of production scheduling as well as being able to deliver products to customers
on time.

1] CONCLUSION

Flexsim simulation techniques were used in this study to schedule production on parallel machines and
figure out the best total uptime fior each machine. After analyzing the planning and scheduling processes of
the plastic packaging factory, it was found that there was no systematic strategy for sequencing production
since sequencing depends only on the experience of the production planning staff. In addition, the tools for
sequencing production are ineffective because it isn’t possible to make sure that the current planning and
seqUencing processes are getting the best results. As a result, the researcher has considered three phases of
the production scheduling process: the ability to make products, machine capacity, and the sequence of
waork that enters into the machine. Its purpose is to create all possible alternatives for ordering production
on a machine and use the Flexsim to achieve the best results. Following that, the best outcomes from the
simulations were compared to the current production schedule. The results of the experiment with eight
product samples showed that the wark can be grouped for production on the same machine and at the same
time; in other words, the ability to produce pairs of products based on factors in the production process for
a total of four workgroups. However, each work group has limitations on production time, production
volume, and the number of cavities. Furthermore, some workgroups are limited to producing work on
specific machines, resulting in a total of 40 production sequencing alternatives. When all of the alternatives
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were run through the Flexsim software, it was discovered that the best alternatives were Workgroup 2 and
4 (machine 3) and Workgroup 1 and 3 (machine 6). They had the shortest total working time of 96,018.01
seconds, compared to the original time of 208,850 seconds, for a total working time reduction of 54.03
percent to 112.831.99 seconds.
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