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Reserch title: Queueing model for an efficient planning of sugarcane transportation
Reserchers: Jumpol Vorasayan, Ph.D.

Ailada Treerattrakoon, Ph.D.

Prof. Supachai Pathumnakul, Ph.D.

Contract Number: RDG 6071041

Abstract

This research develops mathematical and computer simulation models for inbound
logistics of sugarcane industry in Thailand. Developed models consist of 1) A model to
optimize harvesting sequence by considering return on harvesting and field location 2) A
simulation model for unloading sugarcane in the mill by Arena software. It estimate average
number of trucks and waiting time in the system 3) The waiting time predictive model from
data mining trucks in-and-out database 4) The mathematical model to find minimum trucks
for transportation 5) Models to compare the efficiency and transportation costs of trucks with
trailers and 2 sets of tractors with semi-trailers. The results show that the predictive model
from data mining is able to give more accurate waiting time than Arena program. The model
is suitable for trucks transporting sugarcane from mechanical harvester which has priority to
go in inner waiting area without waiting in the outer parking area. For harvesting sequence
model, it can increase return compared to random sequence and sequence by only location.
However, there is still lack of in-depth information on quality and quantity of sugarcane at
particular harvesting time as well as field preparation for accurately computing return on
investment.The benefit of having 2 set of tractors (the 1st set is for unloading, the 2nd
transporting set is for transporting), compared with traditional single set, is if one set got struck
from accidence in the system, the other set can still work as long as there are enough
semitrailers and sugarcane. However, parking to attach and detach trailer decreases efficiency
of this system. Thus, it is more appropriate than truck with trailer when the system has

significant uncertainty.
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Frenansade wamsdnatkurihmsldsadadesideldiisulutesnmnmuasdesiinngt waed
NanszvUReAIndeNiitesndn ilasnnymnlsannsoldsndadesldlaglifousn uiteideefuny

[

1g9n7131NT1ANT0AA ANFINEY karn15UnTesny datlumiieuveaniaszadstinisaduayuns

<3

wansadnmelulsae wazvhnmsdamsadaiielinunansifidunu waeiufimzugniiesldidwin
Jevefieududmansugaans og1slsinuanuiseilildndniwssaniamnisiadesiaelden
dndadutadudAlunisAuainiunueinisdndes Grunow et al. (2007) Anwinsdanoudes
ogsaiiavelifulssnuinie sazfidununisudnianuustudntos aneldnisinulives

[y

A g fio nsannsgyidsuiinainaglasaludos Tnsudenisinyndu 3 dawu Ao nns
NausunsUgndes Tridesiisamerieniniuifies suluunsiAuinseslasaunaziniesdnguay
nsvudsdesidnglssautiinia lnsnisAnwivesis 3 dau Tlusunsdadunansiuauia Tuns
2ONKUURILUUTIMUTANRBAN1I8N15Y11971 Keawtrakulpong et al. (2007) T4uuusiasanis
adlmansuuuvans TnguszasdiiiefuumnsadadesLagsousmndmiuilasdosfianunsnain
warlsifieandiuiuiu szognns uaznaidesazideaunnlvivdetosiian udluudassin
AUALTUTTEI1991UIUTAUTTNNLALLIAI1581UL5997U Piewthongngam et al. (2009) &34

[
o v v

JuRouIsluN1INIANLANRasENINUTINMeeNAa lalulday Juiuauamsalunisivdesves
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Tssnunaenggmaiuife) wuudassiilsgninmalutisnansgndosuasiufedosnisly
fufinsugnitefeul ielrlivsnadendn sy aniielildsendlssnuluiinadiinn i
Supsomboon and Niemsakul (2014) 1#lusunsuidadulunisnaununisugnuazmsiiuiieddes
ednsnsegsenvesiudes ilosnnuszmalneuszauyviluiFessniaudesnis (Demand)
LazdmsINNIABUALRS (Supply) YesenamnssudesfivInAuauga Aeldnsiinguinunsnsmane
18 Tnedadvduafignimfionsan loun vuiavesudasgndes viaiuduesdes dnnuannsa
mafuifeanas msfndelunsuudsdesszrineasnatulsanutma fuuuiiaduldldsesy
ANUWIIUNNNNNTAT (Commercial Cane Sugar) Wuilerduitiwine adensduazauy (2559) Waun
szuvasaumaiionIsuimsiansdesriasrun Tneldguszuugudeya iensuwunisgn n1s

Auiealuauia ssuutnduasnsiidudouninuasns luunagudinanndnnisusmsanuludiuves

n139nn1s9eedlssnulianududouniniigauasaliaiunsadeudesdlssuldegnssioiio

o &

UszanSnimni9vin9ueeaisszuuiazanas Ju3v1ey (2555) Anwidneninnisvudidesniesn

A IS o

s L4 ! 14 v a I Y ¥
uwnsnmasatnmsatass Lednnsununlelunisaudedesludalssau lasdseufisuiunisley

Y = [

saussnnavaslulaglu Fdinisiiusiusindeyadiniiuiy1ilsdesmindedesidglsenulu
nsfifne Ineifiusiusudeyamenisfiukuugeuniukasnisdunival kdnhunaianuuiaemng
ANAAIERS WA LEIElReTINTANTEAINNITUUAIREVRITAUTTYNAUA DAL TAWNTNIABTAN
wyakaes lagldrenuwds LINDO Fanan1sAinwimuin lsdegimdenldsaunsnmesainmsataosly
N5UUAIRENAUNUAINIITAVTIVNAURD TUIULTENURENTT warsaunINMesaldIaIuIund
F0UTINNAVOaY A INYRINITATILUUTIRINANAMIERT 1oAY ElaeTINTANgARIN
\ v < o v ! o ¢ s
nsvudsdesvatsausInauaninisidemluganiamizUgnegravingau Tngldwensuas CPLEX

FINANTANYINUI SaunsnmesiAduyuAdIenIngT widusalunisvudannd

NN5UAUN1AND 88 TUITTUNTTUTAUYINNTUIALEURUS VDI IADEAUIIUIUTOYUES
Tusguu enIuauIdyeed Higgins (2007) wadivadninandinieiiseun1sauds 1 seunedu gelu
AL TURZINITVUEIRIE5AUTINNAITILENINNT 1 Sausedu dalunisiAunisuazn1sed

= = & | | v a 1 | Y v
wlaanselsenuilszeziaandu Wy nsvudidesaniiasiieglnalsenu ssuunisvudidesdn

Tsanuludszinalngldsaussnnidundn finisdafsaussmn 2 Ussianlngq fe 1) szuunisuuds

povluliuaunazaniladinissunuliarutiaudygrinieenlslailidulssnudes wie

o

(%

a I a & | | v aAv 1 U a I a = a = 9]
L3N ANADA 2) a’JLﬁgU‘UﬂqimuaﬂaaﬁlmlﬂﬂﬂqiﬁqﬂLLNUUULiEJﬂﬂ'Jr] AILET 1”33UU@’JL335@‘\]3L6U7
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TssoulunamasUSuaildudueu drsaussnndssdilssnuudildla Sunisivleesinensas
Wasulaludeoaslnlssauduls nunnazldssuumnas ool 31uuls19uInNalnanumnan e
warADILMdINIsAUNLIANEAUANULUSUTIUTRIUSIN B Rz le

YHATDITAUTINNNITVUAS AIUATOUTITNNNNGD FOUTINNAUAOKAL TONIT 18 G0 FelAdy

<

! v 1% a ! < 1% Nt ! [
wan@eAunsluauUSIun sTUdsLazAuE lun1sme oy seuunltlul semalnediuluadaudy
F0UTINNTeAUTUABUFIaTluN1TsOINN s MR UMt LAT T uLas L Uasd o Tun SaIl
sausInAuduMaudesnsadiney dwalindnaudusnetavudsdeslilinud e goyde
seliuazusagelalunisineu Swlssmeindndeos Wi UssimrsaamsidewasUseinafiun dnsld
sandludad1unuInndnsaussnn Pemase et al. (2012) wag Diaz and Perez (2000) Tuvmz
Uszialneiaulisuwaddsnisiiuifiendesainussuauuniiuaiodns n1s3eszidnnis

v 1 oA = o & A Y a A A da 1o A v
szuudndsivunzaudsdndunazsesdiniosoniauuiugn etieligusznaunisuasinunsng
Ipussiuanuuanlumaasegeansannsiieussuy wisensasdelunsiiuifesldegsgndes

aunaiuAINABINS

2.5 uTReNNEITasiuluUINIAEIUNTAIVRINITVUED DY
133n35uMAeTRsiuNIsINEaITadndes laud nsAnwldguniuvesgnamnssuinialy
anssnusguensnilalag Perry and Wynne (2004) laszulaym 2 dnwase lawn n1svinUseansnw
a1z (Individual Inefficiencies) Fea1atinaninalulag Nldivinzauuaznsinnisvedusiay
alulggumuiuadszavaninuuvazan (Collective Inefficiencies) 44fn1NN1352IAANTINTTD
Auvesusiaznindiu lUswnsun1susuussszuuladainuesiinialignesniuuiuiiousulss
Usvansnmvadlgguniu egrelsinulumadivinaiugndesesseunisvudilagldisussunn
IUINTBUMENIMISaNdsesounIsTudIEdwIusaUTInkarlildmlafsdduneundives
N151104¥8930U5TYNMIN15997U Diaz and Pérez (2000) Anwuuudnaeanisvudsdesnieauuly
Uszmafulpesidefnwinisdadulasonsneinsuaznisinassaniunisasiingg Insldlusunsu
ARENA Lilafinwianuduiusseninasunadosiasduiusaussynwazsoain ielildusunaudesi
3 a A £4 ! ' [ Y ! a o i b4 a LY
ivun Inedusinaudesuwasiiantunsvudstesoulluimuys winuwidelulalvneasidenvenisdn
o =) ! v a 5 A 4 a o ! !
IUTAUTINVSeTaINsaUawwey BnnililalviseaziBunvesdnuiularauwanAesEndng

a

wUasvey Vorasayan and Pathumnakul (2014) @nw1szuuladafndimuizaudiniunisin
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saussynlunsiunedesmesadntulszmelng medsnisihdeyaainnisdrsansdndessiese

ARNUNIATIZIAIUOADDELUULAULAY SAIUAULUUIIABINNALAAIEAT LNDWIANUAUNUSTLIIN

ANEILUAY AUNUILUUD DY HOSRTINITITINUVDITAFALALIAIUNITRLDDEAULALAUTO

& A

ns@nwilinguszasdiielisadndesanunsadndoslduiinunuanudesnislaefidunuiesiign
iauafuuulunMImdIusauIT RNz ausdesadndesniledu sedouilusudiuiuseunis
Suua'qé'amaﬁammﬂLwiazﬁuLLazmsa"fmmn’;mﬁmusmﬂa&ﬂuiiwwuﬂgwma weilalleuans
anuduitusvossausausindenatlunissefiiatuiindlssnuuazuiasdes Neungmatcha et
al. (2013) finsananivudnedosfifiaudfydenguinunsnsvunadniifiszeyisainulasgn
fulsanuihaaunndt 30 Alawes Tnedagussasdifleudtymnsnausunisuudauagnisvude
Sovmnudasgnlugsanifnudredosuarananifvudiedoslusilaanuima lnefiTsandiui
anflvudiedes Surusvudedoslundazanniuarduiuulasesiinyaniazasodaey
Fosliulssnuldesnsioier Fdddlusunsuiadunansiuiusy Tunisdanisfudymaunidn
(aen31 300 wilaw) wae ldsuvatvayunisandula w3e DSS (Decision Support System) $2uiu
GIS (Geographic Information System) Iums%’mﬂﬁsﬁuﬁamwumimjuuﬁugmmaqmsﬂ’%aua
33n15uaz AGA (Adaptive Genetic Algorithm) Sawanis@nu AGA gniuwIeuiiguiulusunsy
Fadunansiuiuiiy GA (Genetic Algorithm) uutiiuagiuuHuNsURRvedlsauima S
AGA Ssansnsntisanfunuuazaiainsinmsidussavsamaesssuunisdaeusesls Vorasayan
(2015) 111135015 Mean Value Analysis Llilovauduiusseninedausavsmnluszuu lne
anudliszuunisvudesestdussuunainesuuula (Closed Queuing Network) oe19lsAnnu
auuAgIuvesluuTIaasrenTinnaneeglutIanaiesiaesruudosinisuds AufiTmil (2559)
Anrwinisiadulalunisdaasminensluninfuisuasrudedosluaniiuiidmiauasaissd
lngldisn1sasrawuudnassaniunisalidiouiisussvurudsuuiniussvurudsuulntdaig

TuUsunsuaiauuudians Arena iovnuumsmsudlalyvdmiunafigydelurazsudsdeniding
Tsanuihnna wdeuiinisdnasssousmnlimnzausioiriasindes iearaunuusaadumsuuds
Lusidisafndes 1 1n3es fusaussyn Aumsvudawuulniiil sadn 1 1n3es sounsnned nszuz
YUy WagsnusTnlagmsUIsuiisunmuiutuesdesseving 10 AU 15 fuse 2/5 LalAos B9
Han1sANwINUI1 TunnanuvuikiudeslusyuunisvuduulnidiiuingsuunnInssuuN SVLE:

WUUAY wazdinslddnuausaussyndeuniy
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2.5 WUIRALASNO B VDIAIUUUNAUAAIENT

auwa (2544) Lalsimnumnevesdanuuadnaians (Mathematical Model) Ao fauuuiis
Snvailuaunisvideilsifuneadamaniiadetulneldadnmans sudsenee uwiuesddsznou
v3edadvvesszuuviedamiideanisine lasfuvuadamansdmivisideinadegans
JULUU wrazgUwuuimmgaudmsunisuilalguianizedne lneduuuadineansonadiuunle

Ju 2 ngu fe

1) fwuunuan nwiuey (Deterministic Model) Mi1e8ia MIKUUNEINITONNUARIYEDS
MudsuazUadesnaguasdinuslaognuiusy enfegragu ssuvufuiinunianssuiunisasd
Haawsoanu1nUlEiaT 15 Wil ¥3eMIkuUN1NNITRUYBIUTENauuR g e g waz A lETNe

Wulumunisuszananig

2) fnvumuan witluulueu (Stochastic Model) wanefis danvuiiadrstunielaioule
vosrulduiusuresiflUsiazJadesn99 909 aluy onfI9g1agl MULUUIUUIZLNIUNISAITRY

YeeuTENNanufitenuIsLazAltItelinudnvuein1suankas dsduiilsudasifiouasiil

s

wuuau weeg1elsARNITINaIduUNNAGafaasdatuiTausiiuanuLFs L dudaule iy

Ton1anusemazyindils 40% winfu 75% Ludu

v ! = a

AeumkuuAdinansivainvatesukuy Tueuddell agnanilusunsuwuudisanind

INlgansUIaeINITIATIERTIUTUM (gVBHn, 2551)

2.5.1 WSuNsuLUU8I3aRng (Heuristic Programming)

A A

TUsunsunuudisannd 1JudsSnsnldsrsanndlunisuisinsuimduldle usen

eesnevestdymndaududeu lnseradudnvuzideliuna wiolsnunin dadiunumlunis

a

Fan1sauiluseuu gleingildgitaindiinnnuineltesiu n1sAuadl n19iseus n1suseidium

a a (3 o

nsdndulawuuty weliAnnsseusluignisiaunsathluldunlanla lneis83afndenavinl

'
(-1

Annaansiurfenalalisang mszsdunismeasminglaenisld 3915ug1un{ifeivy wie

o

nsaesinassgnuasinduls lngliiinguilaunsesiu (Uindy, 2559.)

v
[

Aaa a a a o & v o a N Y a = v
UBDAYINUITAIIVDITITANNH VLiJ(\]']LUuﬂ@Qﬂ']LUUﬂqimqﬂJV]'J'NVL'J BI1IUAITULNYIVD

AUNTEUINNITAITAUAIY NSISEUS N1sUsEliuAT waznsdndule Taenseuiun1snsAuadl A3
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Seug waznisuszifiue Inserigng wetlugisnsBnguuuunils Fsaunsosunaninudnsala
NUadzTiou (Feedback) Aflnduan uazunlunszurunmslullidau lnsaaiunsalfimuizausons
lg15aRndiinssoluil

1) Yeyauntniiauliviueu vive ddednin

2) seuuiiaugudauauIsNIsIAmaUuINzaN (Optimization) luausathunlgle

3) LiifiAsnslagfuneiie Megaunsaanlale

4) TeantunisAulalagdsnsuameuvdnzaununiuly

5) fenudululalunisusulsenszuiuns dusunsmuuaninisuidymivianzauiign

wnsmMslEEtaind AuTsnsmdmeuivinzauigala

6) Aududouvastym inliliRaauduailunsldisnsmdneufivunzay wiodu

Yeymalaanunu

1Y

7) WedlmuinegUesiunseuaunsnsdaansal (Symbolic) unnnandaay (Numerical)

8) Wiatinanldundmsunmsdnaula nelsieTastiemuiu serIaeliaUssunananuie

2.6 WWIRALATNOBNI3IN8B9EAIUN15a! (Simulation)
° ¢ A ° =t v a - % v sala 1
Fraedanunisal Ae wuuiaesildlunisdndulaiieuwidymnglaaniunisaindaiuly
wuoy eflwwmaudlusmenisgueiainniswaniasanudiaziuresmadns ndemiuanmiaiuy
o 2/ ! o L4 ] o v A (% dl' Ql'
inlinsuduuudaesanrunisalgninantdluszuvadvayunisdaguladuinn esaindgymi

Andulunisaniugsiadagtu danududeuss sesedunisdudinisandula Snvisdaegargle

anmnsaifldimiuudusunaziamudss nanafe Jamninadududutdymuuuidaseadiuas

Lifllaseasne JsenmeniseSuneuasuiUymmenuudiaediion15maNangn (Optimization) %5e

L2 6§

wWUUaRIRlTwmATAN19AtnAIEns WU N1STUSWNSULRLEY Wudu Suandnval, 2555)

T

4
¢ a Y = yaa v

feun1sdnaesanIunsal Aesldwuuneatinmans Ngnasisuangnianudilaludym

Juegned esainnisiiaesasihludnisfumeneu gaseduuuadamansniianuininudila

Tudgynazansadmssimnugndesasimeauilannnisiassla
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2.6.1 aN¥ALIAUTENBUYINITINADY

N9E519 WATNITEDALUUNITINADIEDIUNNSAl AosrinAudlalfefulenuees

asRUsznaunelufuuNTIaes (ssyns, 2535) Fullsvasidundssialuil

1) 58U (System) 111889 NGUVDIBIAUTENBUAINT LU AL TUU NTHEINT Uy

an1nianaey Jagnldsinduieniiufanssunilslvussadmiang

2) ANNLINADUUBITEUU (System Environment) wianefis wansenusnas mdululs

o

.«.:1'= a v L% 6 o r-:ll
Fatinayinlinadnsnisyuvesszuuasuly

3) Luiin (Entity) wunefs ssruseneunieneluszuu vise Wusudsiaulaazdnen
WEANTIY

a

4) wornisUag (Attribute) vunede AaanTRveusaslOUNR

5) AanTsu (Activity) ¥un88 Faeaunanitulaninids Fufinainnisanduianssy

a9

6) AUsan1I (State Variables) nu1gfia YavoIRlUsineIteaiun15viuves

s¥UU Belteduienisinaueesssuunalaeg
7) winn1sad (Event) visnedia Ynuadimsnisadings Niikademuusaniig

8) A7t UU (Model) nuN8fa AIUIUBNANBUENI BNGANTINVOITEUU 130 Uil

ANAIVIINISANEN
2.6.2 ¥IAU89N1591a89801UNNT0

n1331aesanrunisal dnegluslidendamans Iunudnvausdymnfatu lag

anvauzUgymantiu anunsadiunnisdnasslanssialull (ngquae, 2548)

1) WUUINaR9AIN (Static Simulation) 158 UN9ASHI8N31 Monte Carlo Simulation

wene nsdaesdymngananianamis

2) wuudnasaadaulua (Dynamic Simulation) Bu1ede n1sinassleyuindnng

WasuwUasmuLnan
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3) LUUT1899UUUTEUULLYUOU (Deterministic Simulation) #unsgis 1591883ty

v o

Toyadnin A uiueu
4). wuudnasauuseuulinuueu (Stochastic Simulation) wneis n15dnassleyni
Y o

a ¥V ) a0 1 1
N?JEJHGU’]L“U’WI@JWIVLMLLUUEJU

5) WUUIARI5sUUULUsBLeY (Discrete Event Simulation) “u1egfe n1531899

Jymadiamisdfiwes vie seuvuiinisildsuuwlasaniunimyesssuuildugiegszezailana

DN

6) LUUITIADITEUUINUMADLLBY (Continuous Event Simulation) U184 11531894

dldv v

JymNTanwauensIuAUBUIUINaaIsEUUUliseLiiad 819na1kan1sagunlasrvasmiiwls

]

anuzidunuusaLlilnimanaian
2.6.3 99311PU8IN15INAB9EIUNTA

WIIILUUINADIEIUNNT T EINITINaD AT L UIISiauA Ly gy uindiaau

Y P

AUNUTENITN

Y

utouadls ag13lsAny wuudiassantunisaldiivesnn

Y

Y

dinaulamssunsulily

oy fanalull (Syegranual, 2555)

1) ldenansasudsziuldindununianisuidymnnnan

2
a U

2) UaeAsanin1sadawuudtaesaniunisel agaesldiuussunanaudiags nvneds

AuanaalunIsas 19w UUINGaDININ

3) wuanansundanm uagkadnsflaannisAneiiuuitassaatunisal Tneinluudn

Ldanusathluldiulgnidug 10 dadumanaiiviilinsiuin melasuudiassaniunisal 395905
v A A ) oy "3 | v oA Ay oA v ° ¢

wneladeinestesivdymindesmsudluwingy dudafedunlineitesuuinasaniunsalaz

TaidunUsenaunIsAUMIKaaNS

4) gaNALIsNlTdmSUn1sasIsuuItastanuniTal iWugenduwIsnlvaulafnaudig

g1 fanu gnagldliasdesiivinveanuilasnmedngaunsoaiauuuinassaniunisaila
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2.6.0 MANNITASILUUIIADIED WS

ATASUUUTI809E0UNNTAL TN SIUTINTTES1ILUUTIAB9BITEUUTUNDTY Uag

[

nsgynsasudmeaestIvanss ase dansasneiuutaeenidy 7 duneu mwreluil Guardnwal,

2555)

o

1) fignutleynn (Problem Definition) Lutuneuigindulassdensivaeulymin

a o

Antu wagdauulidunuanny wenainfifeadnsinuave uluAvedTEUY SN ABIUTUl

sumsvesdymilanudauuazidilalaietu

I
v

2) @519 UUanansan unsal (Simulation Model Construction) Tumaulazyinnis

v & A o

A1MUAAIEILUT harAIUAUNUSVRIRILUTIENTY S2uDIN15TUTINTeNanI LT usan ITass

Y

v
IS )

wWUUAREa UM SaluIUnaul nUntaa1u (Flowchart) dnkiaaSuignssuIunis antulIadey

TUSHASUAURIUNES 19T

3) NAABULALATIVABUAINUQNABY (Model Testing and Validation) L8 931n

WUUTNaesanIunsal AefeagniiluAnwunumaNIseiase deiuluduneull efannaaULaY AU

aarananaviaue Welidiulaladn anusadhluldunmuvnnisalasdlaegeauysel

4) 99ALUVANIUNITAUNDNITNABDY (Experimental Design) #d3a1niikuudnadlasu

[% '

N157gUNNTUABUNUAD INTUUILLTIFTUABUNITEDNLUUNTNARLY LiBINN1TIARIanUNTTal

Y

¥

Uu 3 n3al Lawn n3a Best-case N3l Worst-case waznsal Median-case an1svinguiiavyelg

fnaulaanuIsaNINUATBULINVBIALU ST LNV UYLk UUIIaRsan1uNISlle wazdenaluy

msuibugaunnsestuluudtaesaaunsaiiasaaswuaie

5) N13AIVANNITNAGBY (Experimental Conduction) tlun1svaaasldamuysasae

Tunuudans WiouansanIunsainige aumulsinaasavasuly wagiauenadnseanuilimdiy

6) N5USELUNAGNEIINNSNAABY (Result Evaluation) L%’wgi%’umaumiﬂizl,ﬁumaé’wé
lgannisneass Fennduiumela Asvdlulduidamiui uadlinela eradendeundululy

o A = o Y} ] A Y o ° 1 &
YUFHDUN 5 Mi@@'WEJQUﬂaUVLUGUu@@‘UVI 2 L‘W@aiqflLL‘U‘U"U']ﬁENai\l']Uﬂ']iﬂnwiJ@ﬂﬂiﬂ
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7) s lulguAdeynnase (Implementation) UrlUldle wuthsadunuudnasswsia
dll ! a U QIISJ a 5 = 6 1 Y !
AU UiagANIMTINEUTIMSUUEUTALERNgA LN TaN9Y Launnd

2.7 MIAATIAAUNUYDINTZUIUNTVUES

[

NoE] wazwIAnNNgITBITUNTIATIZRUYUYDINTEUIUNM TVUEINd ARy iR

=D

2.7.1 wann1sluinefiun1sAnAuUUNSULEIELA

Y a ¥

Tun1HaAUSNITNITTUES ANERARITITadN1THEAASY 1WIMBAULNaNERUTNITYURT

Y

Tunsanfivaud guandzdestiemvaeliuiidivesdadonisndaualddadeonieg il

a L a Y a

Aaefiinandosinetifondt dununisudn uwiiluuedsdnuinsuddildasamamely
mslitadunsnanuinsvudsoonifusituusioidnandaduiiwestadoosmslasufiduduyu
nsuBamioutu aziudununssduinsmudelinnumnesuds saredusseaidmesiladely
nswanUInsvudeayldsuangnanuinsvudadualdiadelunisndn s Aldsuaely luma
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she Farnidelona fie Aemwedadnveatedusineg aaonugnanmsazlesuINnIHERAUAvTn
Ju uildpeniduans ehdadedanamlinanuinisoudsuny Salddndunisfiansandliine

wiseanidu 2 Ussian Laundunuasil (Fixed Cost) AuAuyuiuLls (Variable Costs) lauil

swaztdeafsaoluil (Jysvigy, 2555)
2.7.2 fumunsii (Fixed Cost)

Jusunuivanidedldls (nescapable Cost) wiiaglaifinisldomummuslunisvudsf
au aunuludiutivsznaulume duyuluniseeuninuglunisvuds arthenzidounazns

AR neutuse wasAnleUseiudesnel Jaleeunfdunudiutiastuiuinyasraseiunivusly

nsvudwazMsiduselevdlmdunnsely druuinazdnsuseanedsset (Annual Cost)

1) aunulunisesunivuglunisvuds (Vehicle Capital Cost) Anlganglununuaiul
ansamuwalanyaA1vessalundasUnielundasifeou Feazsiudndeunazsanenid ey
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a

(1) Adaus1A1 (Depreciation) @1U1TOAIUIURIANADUTIALENAINABDNLTY TIAA
Andausiandunuuidunss (Straight-Line) LilosannAidausiai Ae A1ldaeLieafuiasads

WagukUaalUilasannnislaanu dviie fe unaal

(2) onile (Interest Cost) Wuanldieiudy ewnTosaussnndinistosnves
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ALEDNIIAYBITNTURLAUTLEEN T4

(3) AzilsulazA1n1E (Vehicle Registration Fees) AMzt8uTnazdIselnednsy
a & oA 9 Y a o ° a Y] al' ! °
Wweawihufenausansalnd dwsuaindagsesiisenUaudnsinnsunisvudmnauniivue g

1 = 1 aal 1 = 1 =
AmgigumazANEnUNe Ao Unsial

(4) A1d19annaudusa (Truck Driver Salaries and Allowance) vJuanldd1e@ 4
Usznaulumetumoukazilodes dvdie As umaal

(5) Adeusenunesiet (Annual Insurance) LY A UINADY

2.7.3 AunuRuKls (Variable Costs)

1d 1 Y N a [ a ! 1% a a 1 v a
L‘IJ‘LJW]I‘U‘\]’]EJV]L‘UaEJuLL‘Uﬁﬂiﬂ@ﬂuﬁ]’]U’JUﬂﬂiUiﬂ’]ﬁJuﬁﬂ DINGAUINTTVUFININAUNUIUA
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fAunane dudauinisvudslesduyuiiites dlafinisuinisvuduasilidesdnefunudiuil
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[
o w
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ANUFUURsT A ¥TATedRInUL @N1NNN53519T A5 wavUseiansa dvlle Ae umAe

Y
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CY A

(2) ArunsTunasau (Lubricating Oil Cost) Lumlddnefinlaain irAgnsiaw

(% (%
o w

auaeaniuaTes (Lubricating Oil Cost) ausnesiAusiundeauluvaziy Ivnie fe uindesiy
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(3) A19auU13 (Maintenance Cost) vWuanlddnefisuiiaussuasaiayiva lnuen

! o 1 Id [l 1 A
gauungsansanunu 2 dwlvg)q Ao

(3.1) AouU13smuUnR (Routine Maintenance Cost) uldaneinduain
nsgeuUngImuUng Buinnnisgeutasiudeuesinatudiudiumua Wy nMsiudeundnd n1s

a a S o a ¢ & v | & |
Wasulusn Nsidaguuduings wWunu 4uue A v ey

(3.2) AngouUn3afiLAy (Periodic Maintenance Cost) LusldaeiAnTuns
FouU133nsIlng U N138nA3es (Overhaul) Fudunisdeunsoilaeunafiisn \3eseus 939819

9139 syuului duvuae A v el

(4) AnsdnnTeURL8Is (Tire Cost) N13ANMTBYRIE9TUBgAunateTade 1y

wminussyn anmauy Wusu fs vvsesiy
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I udmansilfineui 1 dseguinnaneiuan waglssuimansiinui 2 Aeguinmnia

pziuaNRuuntiauaIUseinelng

3) madinudeyanfsgianlssnu nerfudeayasadn saussyn vwnulasdosi

Y

¥

Tdsadn weunndavigiuteya Wnedeyandndusenisadisuuudiaoslann

Y

32.1) 1599UUIAA: 52ELA1UNNTTUURTAITIND08 TLEENI9TERINakUad
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uni 4
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2559/2560 waz U 2560/2561
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A15199 4.1 WSsuisudvinoesvadlssnudisansaifine N 1 Tuteln1suan 2559-2561

2559/2560 2560/2561
Uzndae Loy Avadetmiin Ywtinsan Fuusan sy Aadetmiin Ywtinsau U lsenu
(A1) (A1) (AY) (Aw) (A1) (Aw)

5.A. 14.06 66,256.57 4,712.00 13.82 65,730.69 4,757.00
.0, 14.87 204,015.58 13,722.00 14.35 270,465.44 18,849.00

DOUAUAR AN, 15.02 270,809.25 18,035.00 15.39 236,136.84 15,348.00
i 16.14 187,018.31 11,514.00 15.76 274,484.44 17,420.00
1.8, 0.00 0.00 0.00 15.67 30,530.84 1,948.00
374 728,099.71 47,983.00 877,348.25 58,322.00
5.A. 17.14 18,391.03 1,073.00 16.96 22,611.14 1,333.00
30.9. 17.38 41,670.16 2,397.00 17.04 75,305.78 4,420.00

SRR AN, 18.37 63,514.80 3,457.00 17.93 66,173.63 3,690.00
i.a. 18.30 41,729.78 2,280.00 16.76 68,396.22 4,081.00
L3.8. 0.00 0.00 0.00 16.06 8,976.86 559.00
39U 165,305.77 9,207.00 241,463.63 14,083.00

s’mﬁwuﬂ 893,405.48 57,190.00 1,118,811.88 72,405.00
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2) 1I8158ABY
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I
o L4

TMTUNIATOUN I ULARE WU OAUN FIN9

%

LAa15eLaAsUTEUI 100 - 200 U9 WBNIINU

[ [ (%
[ Y [y ¢ o

15997UUANAL A TIAUNTINUA 5 AUN LAYLARNILIANTD MULARLAUNAINITIN 4.3

A15199 4.3 Lansalun1svudisssnielulssudiniansanwi 1 Unsuan 2559-2561 31bun

AU
2559/2560 2560/2561
s Anadenase  swausadnlsenu Std. Anadeia  swausadilseny Std.
(W) (Aw) Deviation 59 (W) (AU) Deviation
1 105.59 11,419 60.09 108.14 14,506 66.92
2 120.14 11,420 67.49 125.64 14,481 69.99
3 163.18 11,445 71.43 166.76 14,452 71.77
i 164.7 11,443 71.13 168.26 14517 72.99
5 166.27 11,463 72.32 169.58 14,449 74.68

N I 1 % 1Y 14 1 5 caa
AN 4.3 WU TUBIIAINITS VA9 8UBIL599U IG’]EJE)@EJVJﬂUiSLﬂV]INLLWﬁSﬂNWV]QJ

= 2 O e = = = = a W
nmiammqmzLﬂummwwmmaw 3 84 5 lngiansendevesUnisuan 2559/2560 wnnu 163.18,

164.70 uay 166.27 Wi udIU drunatadsvestnisndn 2560/2561 Wiy 163.76, 168.26
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'
[y =

WAL 169.58 UITl MUAINU TIRUNMUNELEYN 1 AU 2 Aziiinarsaussunadliiiu 130 wiil duilasan

[ 1% Y v

navsEniuleueddnsimlrsovssndesiiludesaudnidunlunuivangaefinanneudey

UsELandu Ins1oegUsennsafnaziaunmeeeNiiningeeUsennAuRnganeinsHIneunay

Tiaudnle ag1dlshnudesusziavinfivsunandilsesnutesniiUssnmdue) Wesanduyunisiiu

(%
YY)

WNeInnslesadaiyarigeunn deludwalanuivineasi 1 du 2 Ia1senseiiesniiegey

UszLnnay

4.1.2) wuuINavIN1TNEINIALIAluN1T509895AUTIYNIINNI T asdayaan

Frudayasaduazasnauly

[

noUsrasRvesnUidediniiienisnensalnanlun1ssevessaussnn a Indadliasds

1
o £

o Faludeyailssmuaiasesdufinliionishinaneuunuuninunsns laguenainuingnves

= v

saumlsanudladuiindeyamuaudnidulagusnaniiminvessauailssnudladuiindeyamu

v [y

udnigu Juuazia1tudn Juuaziiaidieon wanluds AuNINGol AIAIIUNITUVDIDBY

(%
¥ o L3

(Commercial Cane Sugar ; CCS) nzidyusa CarType Umiingey vilndey Ha198e AUNTIM 1aY
T nzileuse seumds Yeo-ana 1nteyaninan auyldldliisannsedadunyan (Multiple
Linear Regression: MLR) waz38lassnauszainifiey (Artificial Neural Networks: ANN) A2

lUsunsu PASW version 17 iienensaiiiailunissevessnussnnvilaniieg dmsutuneulunis

[

as19laLnadinall

v =2 a

1) Annsestayaninisiuiinianain (data cleaning) wastadenlaifianuduiusiunaily

o

N199990A M85 Pearson correlation lagldinugial correlation 111111 0.1 wagszAUtpEIAY
0.95 FulU Tnsfimsanamnuduiusainnsmusznoy wanismaaeunuidoya wailluds aanim
San Frrumureses nedeusa tminsa walaadn Tifemuduiusinniiy funatlunisse
ogsfitfoddny wiiesnaeiivas wagafeenilutoyailéndsannstadh Felianmnsald

Wusnusaule weagldluniseuiamiinanlunissawintu salaunIng 4.7
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Cerrelations
WaitingTim
Date Quota Dump We«gm Canaype ArfivalTime| Hour DepartTime e
Date Pearson 1 -012 009 0867 0207 09| 019 0247 0317

Correlation

Sig. (2- 211 323 000 027 040 038 009 001

tailed)

N 11695 11695 11695 11695 11695 11695 11695 11695 11695
Quota Pearson -012 1 014 018 150 -003 -003 .004 0407

Correlation

Sig. (2- 21 125 051 000 720 769 627 000

tailed)

N 11695 11695 11695 11695 11695 11695 11695 11695 11695
Dump Pearson 009 014 1 0347 049" -.002 -001 0347 187

Correlation

Sig. (2- 323 125 000 000 860 886 000 000

tailed)

N 11685 11605 11605 11605 11605 11685 11695 11685 11695
Weight Pearson 086~ 018 -034" 1 -064" 037" 037" 027" -0437

Correlation

Sig. (2- 000 051 000 000 000 000 003 000

tailed)

N 11695 11695 11695 11695 11695 11695 11695 11695 11695
Canetype  Pearson 020 4507 049”7 -0647] 1 -0317 -0317 -018 0647

Correlation

Sig (2- 027 000 000 000 001 001 052 000

tailed)

N 11695 11695 11695 11695 11695 11695 11695 11695 11695
ArmvalTime Pearson o9 -.003 -002 0377 0317 1 009~ 082" 4217

Correlation

Sig. (2- 040 720 860 000 001 000 000 000

tailed)

N 11605 11695 11695 11605 11695 11695 11695 11695 11695
Hour Pearson 019 -003 -001 0377 -0317 9997 1 9817 1227

Correlation

Sig. (2- 038 769 886 000 001 000 000 000

tailed)

N 11695 11695 11695 11695 11695 11695 11695 11695 11695
DepartTime Pearson 0247 .004 0347 0277 -018 8827 0817 1 23077

Correlation

Sig. (2- 009 827 000 003 052 000 000 000

tailed)

N 11695 11695 11695 11695 11695 11695 11695 11695 11695
WaitingTim Pearson 0317 0407 187" -0437| 0647 1217 1227 307" 1
e Correlation

Sig. (2- 001 .000 000 000 000 000 000 .000

tailed)

N 11695 11695 11695 11695 11695 11695 11695 11695 11695

**. Comelation is significant at the 0.01 level (2-tailed).”. Comelation is significant at the 0.05 level (2-tailed).

o v o ¢ o Y ax ¥ o & A so s .
AN 4.7 LEAINAANFUNUTUDINILUIALITANAUNUSINGSEU (Pearson’s Correlation)

2) duasrziulsnilagAuinaniuiusaussnniuaiuainiukasiia lun1staduas

14

sanatdudnusaulunisnensal TnederuludawaTuLsnAsutaiuIaslaanandas

Y

3) \Fenf¥inANgNABY FIT8IEENTT “AsEAUAUAaIALATEUA1AIA8Y (Root Mean

Square Error: RMSE)” uag“percent out of range” 1umﬁmﬁmgﬂéfaﬂ

TAYANTLAUAINUAAIAAADUNIAIEDY AD SINNEADIVDIANRASUDINAMIITEININAIRSINUAN

WeNIUNMAtARe Tgnshe

a;—y1)%2+(az—y2)%++(an—yn)?
RMSE = (a1—y1) (23’121) (nJ/n)’

Wy a; A Aadewanuviasy, Vi =1, ..., n
l U
Yi  feateyanliannnisnensel, Vi = 1, ..., n

N A PWIUIAUTITVNEBET AT
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Percent out of range e SagazuaiALIalun1sIoasflLeglugIs v swensalld &

dnnusainalusestdhildeglueglutimesdmennsalidmun

Percent out of range = - Z
FMUIUIDYNVUA

| v
cal o o I

| o | ¢ Py A o = PP

IVDIANTANYINTUNANMUAATUINDNN ATWEINTAT +/- AIUTZILIANNIUA FILUNLRAD 30
WAL 60 YT YNAIDLITUDIAINYINTAIAD 100 WU LAZTEEZLIAMAINUARD 30 WY Y9989AN

= = = =l a v 1 I3 1 (%} a v 1 £y
NYINTAUAD 70 D9 130 WU YI9LANUNINVBITINITNYINTALNNNAU 60 WIT DIANLIANTOVBITOAU

51:4 R DAL 1 I € v u:jdl I A dy
UUAD 60Q%ﬂaﬁﬁluﬁgiu%?ﬂﬂaﬂﬁ?WSWﬂiﬁJﬂﬁnﬂﬁi@%@ﬂiﬂﬁHUUﬂ@ 110 U WHNVINIATDUDY

Tutisveeamensal a1szeLIaNNNINUAAD 100 U7 WASIIIVAIAINEINTAIAD 60 W71 TI9VBIAD

NeINTIAD 40 89 160 U UITIANUNINVDITINITNEINTARNIAU 120 wurilTudu

4) wensadanlunissenigitonnesidadunyam (MLR) uagislaseinguszamiiien (ANN)
Tulusunsu PASW faudsauiildde S1ususaudazuia ian Ju wazideulusied 2560 - 2561
vhanldfinsin (Trainning) wazlddeyarasd 2559 - 2560 lunsmasou (Testing) anngiidioslidoya
Tl 2560 - 2561 lun1siniia (Trainning) tws1¥Indeyaylataand1ildnuiuuinningelneumin
wnvhlidarmuughiiand fsdumslidoyatast 2559 -2560 Tumstinvin (Trainning) Litenagoy
(Testing) w29y 2560 - 2561 %’a;&a‘lméfﬂﬂgﬂ’lﬁ’j’ﬁaamﬂLwiaz?ﬂméfﬂmuﬁauﬁu A8819989A13
e ngaife MLR way ANN feissiuvestsuiny anmnsouandtuninl 4.8 uay 4.9
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e serifEmmnenarsn =

seemiifEmoanmanen o
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= Yo eerme s
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Latsa (un
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Aurusa (Au)

AN 4.8 Msnegnsalnalunissemeisanneeidadunyan (MLR)
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2°

(%
v

N

400 ¢y =
:
350 < - x"!i* I
¢ xi xxx *e ii .
300 8. * . ¥ % e«
X . XX .« ¥ 30 i3
= x ° et ‘) : fragsliin,
= 250 Koo os x Tt '-':.fs'l {l' |
2t L tel¥y xigiﬁ?i* i X
a 200 : % 1 KT ! %
l_t.l: x‘x- x ,i % N ..
@ 150 | §Xr EHANE 5 X xuk
— x.
x
100* i *
' §x.'. .. ¢
50 ¥ . .' *
L : . T
0
0 5 10 15 20 25 30 35 40 45

Aurusa (Au)
AN 4.9 NsneNsalalunIssenedsiasewneUsyamiien (ANN)

MNTNNTIVABUAIANILYNABIVDINIEDIT WneIeuiiieulumsned 4.4

M13197 4.4 1WSguiiguaaugneaesluntsnensaiialunissedndeyatadiuazdaeen

avdl RDG 60T1041

dousaAn douAuAn
Percent out of Range Percent out of Range
RMSE RMSE

Method o +/- 30 +/- 60 Method o +/- 30 +/- 60

(W) . . (wn) . .

wUM WM UM UM
MLR 41.43 75.25% 93.19% MLR 77.80 50.22% 77.39%
ANN 37.32 70.89% 90.67% ANN 131.63 52.42% 74.33%

¥ ¥ ! aa € Y aa a ¥ 1
FNATTWYWAUNUI ITWYINTUAILIDOADDYLYIFUNYIALU (MLR) e lasev18Usyam

Y a

Wizy (ANN) JU8RkazUaLdswanAAUAILYNAY09988 a1nsuDaesann ANN JA1 RMSE Haenin

MLR Tuwauz?l MLR & Percent out of Range 11nn371 %9933 +/- 30 way +/- 60 w1 dwsudesau
A MLR nduflan RMSE tfaandn ANN wiefian5ainan Percent out of Range k&3 ANN fifndnlutag

+/- 30 U7 Tuvaied MLR finalugag +/- 60 udl

(%

\Wosandeyadildlunis train Wudeyaduazesnaly wuudaesinsiiniedoyatided

Aaa v

ANUMINEANNERNUTIUTIYN AT ATanunsalndaazsenaululiiay 1wy sausInndesansasni
atssulvansaaeiiialrauisavinseulusudesainsafnlas ot lesunIusiasiuUsEansamw

YDITNAND DY ImmﬁaﬁﬁmmmmgﬂﬁmLLé’a%Lﬁu’jﬂﬁmmﬂ@wmmﬁaaﬂ’h 10% @9AAaRINU

[

Taguszasate 1.2.1 wag 1.2.3 wagaunsnirlUuiuldiulsanudinmalssnuduld lnetdideyanis

q

Fauduazeonvessaussnniulssulusfniuidusuvegdilusunsuiseud wazldwensaliaanly
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Y
[y

N139890950UTIMNIUANTHUNIZUTS LnEAUYNABITDIMUUTIAD9TUAUAIUUANAIILAE

USunaudayaluedn szuunisindudindey uazvviinvedsaussnndesy

4.1.3) WUUINADILIABEFIMNSUNISIND B8 TUL5I9U

A P o v vy a a o & v o o v o ' ! ~

Hesanmsldsasindeslviiuse@nsamdndudedsaussmnuniudesansadnegiewiatilod
1599191 IMNaNSUAN®IN 1 39035n1590A LAl AaNS N5 MO pYSORAASINDIDDYAAAILAL DA b

£
[

aunsaunlaisinindessindu lasluauideiazueldeiin “sesdn” WNUSRYSOARALAZDDAR

a A

awaven waz “voulluml” unudesviinduq Weliauisalelususesansadmlunlaslaisdu
Preantymsadnrinnulisoilios AugId89@51ULUUTIRINISWO0Y 3 WU alUSuliisunan
lumsseuazdusalualudu Wedueiedelunsmednduladenldszuua lneszuudams 3

. o &
NgUuumIl
sUUUR 1: wuu First Come First Serve 13gadiun1sliusn1smuafunIsunda

sULUUN 2 wuuimuateanaiulszinndes lagdes 1-2 dmiudeysadn uazdes 3-5
dwsugeeaudn Matlmnludes 1-2 Lilleessadiamey awnsafinsanivdesaudadunlutes 1

way 2 e

sUuuu® 3 wuufmuaasuaudAyINUseiandes lagssysadniiaiudifyuinnii

DUAURA MNTDPYTAAMLUIUIANNITO ALIIANTUNNDUDDUAUAR LUAIN BN DU AU

[
Y

NIUNAYDINITASIAILUUTIADIA01UNITALUDIAUYDI LTI ULIRaNTUANYIN 1 &

eazdunfInalull
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(1) YeauniguUsruveasinuuuitassiaiiulagldtoyausuudeenniiulul 2559-

2560 &an it 4.10

20000
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4000
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5 1
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= gaulwi ®aausa
P391380
AN 4.10 WSeuguUs U098 1l599IUABTI9IAT 30 U

AY1: INNTFUNERI

NN eRULERl AR UD
(1.1) Aasanvaszeznainielu 1 54 Wunan 24 . Insldseurindiiesdu 5 a3

(1.2) 528219811501 DNU950908TOFALAZ D DUAUFATINNDG ANUUMTUNITHANLIIAINNT LY

A1fayadzanlaainlsanu lngmaminiswanwasimangaud msvluwsasdilus Ing 1 3u wen

pantdu 24 F1l19 LARIRINAISINN 4.5
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AN 4.5 N1SHINLAIVDIIAINISUNDUDID DYTORALAL D DY AUAR LULAAT TS

Usznndae

H Il &
0-1 -0.5 + 37 * BETA(1.36, 0.772) 0.5 + WEIB(4.43, 1.54)
1-2 -0.5 + 36 * BETA(1.19, 0.895) -0.5 + 13 * BETA(1.28, 1.56)
2-3 -0.5 + 36 * BETA(0.889, 0.756) -0.5 + 11 * BETA(1.07, 1.31)
3-4 UNIF(-0.5, 35.5) -0.5 + 6 * BETA(1.35, 0.725)
4-5 -0.5 + LOGN(14.4, 19.3) NORM(3.4, 2.5)
5-6 NORM(11.1, 5.78) -0.5 + WEIB(3.56, 1.72)
6-7 1.5 + 22 * BETA(0.927, 0.799) NORM(2, 1.13)
7-8 NORM(23.5, 8.09) -0.5 + WEIB(3.14, 1.57)
8-9 NORM(27.4, 7.8) POIS(5)
9-10 18.5 + 23 * BETA(1.17, 1.35) 3.5 + 10 * BETA(1.53, 1.22)
10-11 TRIA(2.5, 32, 41.5) POIS(12.4)
11-12 NORM(26.7, 5.13) 5.5 + WEIB(9, 2.2)
12-13 6.5 + 28 * BETA(1.35, 1.06) TRIA(6.5, 11.2, 23.5)
13-14 11.5 + WEIB(11.7, 1.82) 0.5 + 21 * BETA(1.47, 0.896)
14-15 NORM(21, 5.19) 8.5 + ERLA(2.23, 2)
15-16 POIS(20.3) POIS(14)
16-17 PQOIS(20.2) 5.5 + WEIB(9.05, 2.03)
17-18 NORM(19, 5.26) 5.5 + ERLA(2.42, 3)
18-19 -0.5 + 28 * BETA(0.941, 1.05) NORM(10.3, 3.23)
19-20 UNIF(12.5, 33.5) 4.5 + WEIB(5.54, 1.45)
20-21 POIS(22.8) 4.5 + WEIB(5.01, 1.56)
21-22 8.5 + 27 * BETA(0.95, 0.956) 1.5 + GAMM(2.35, 1.71)
22-23 NORM(23.4, 8.19) NORM(6.38, 3.36)
23-24 NORM(22.6, 8.64) -0.5 + GAMM(2.06, 2.46)

U 4-15



WUUTIRBIUAAREFINTUNITINURNUNNTYUd IS o aEeliusEANS AN feysy1tavil RDG 6071041

(1.3) anlumsiusN1sURIAasNSNeINSUeIRU fruaA b InINmAIS199 4.6

A15149% 4.6 ﬂ?ﬁLLQﬂLLQQGUBQL’]a’ﬂua’ﬂﬂﬁim%aﬂiﬂ‘Uﬁiwﬂ

galiuInII/minens 31U a1t liuNS
iy 190 UNIF(0.5,2)
ANIRY 5 999 TRIA(5,10,15)
edfsthviinandn 190 UNIF(0.5,2)

(1.4) nalunsiedeudeaus) Muuaalinunsei 4.7

= a a
M990 4.7 L’Jﬁ’?LQ@EJGL‘NﬂQﬂiﬁﬂJsUEJ\ﬁﬂ‘Uﬁinﬂ

a v =
ALAFDULY 1381 (W)
adamtinyd-amnses 2
ANEDY-YATIUMTN VAN 2

(1.5) AnautAUsEI1AIv0908uAasUSELAN ARUAAN Priority U9990850AR WINAU 1 uag

9

DYAUAR WINAU 2
(1.6) s0UdREAUUALVUIALRALY Ineldurinvudpeaae
2) fUUINEDINENUNTAI

A vUNAdaaansatanivualiteiu neaueideludiunadiwuudiass
anun1salmglusinsuensun weluudnaevudInulandiglsanuiing lngseuuding 3 4

sUMUUl
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JULUUN 1: LUV First Come First Serve 13g9diun1shiusmsmuadun1suis

DumgNa.lias |.—“~,mequ«|

Provess Weight in il ”""" *""1
} s

Name Type Shared Report Statistics
1p Process YWeight In.CQlueue  w fFirst In First Out - I
2 Process Weight Out. Queue First In First Out - 2
3 Dump Mo.1 to 5.Queus First In First Out - [

AN 4.11 LUUINAR9ER1UNNSIlUNSAIUaY First Come First Serve

e igaliu3ns/m3nensynga WWuwuU First In First Out Fansvieuuuuiiife First

Come First Serve

SULUUN 2 Luumruadeanauussinmoey lagtdes 1-2 msudeyan uazdod 3-5 §1su

gogllnl Matlmnludes 1-2 Lifidesanmey awnsaiasanivseellndidunluges 1 uag 2 18

Dump No.1to 2

Search for idle
Dump No. 1 or 2 JFeun:

Dump No. 3to 5

0

AT 4.12 LUUINEDIANIUNITE] LUURAUATDINDDE

11U Process Module ¥833atusNS/NInensiveundosdiniusguazUssian
LeNAUBE9TAAY 1neld U No. 1 to 2 dnsudosdn waz aun No. 3 to 5 dwmsusasllug &
ADUNUNAL I NNUUAS1 Decide Module TNshenUseNNDaeNauw wagds19 Search Module Tu

nspueulvvesdaylwludindaiiunistsinninv i neaeuinuinad Inaldidaulanin a1ves
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L4

AN No.1 to 2 H¥esinegntay 1 Y4 (Liflfivvesdesansent) Waunsadsdeslnlnditrlumly

Poeintegls uidnliiArin@einteuly ndedeslnlnditrdes au No.3 to 5

sUuuufl 3 wuuimuediuaudAyInUseinndes lngdesaniaiudrfguinniidey

TWlugl vndidseaninunaunsaiwsamdmnausssllulufnsemneulaviud

R esiry Mave befored
racess Weight I == —

Hueue - Basic Process

Name Type Adttribute Name | Shared Report Statistics
1 p Frocess Weight In.Queue  +fFirst In First Out Adttribute 1 r Ird
2 Process Weight Out.Queue First In First Qut Adtribute 1 r [+

Dump Ne.1 te 5.Queue Lowest Attribute Walue T r Ird

AT 4.13 WUUIAIEIUNSA wUUdaganlanswmnausas byl

sukvuillauealagiuafefiugukuuinia udagimuagluuunisiiusnisves s No. 1
to 5 \Uu Priority 7119150419061 Lowest Attribute Value &sl@vinnisimualingiin auauds

UsrdNA10900uLAarUSELAN MUUAAT Priority Uesesuan Winu 1 way oealwlnd windu 2 @9

Po8aRlAIMINIT i liTinsanmINwlaney

3) HANNSINABIFNIUNITAUINNNNST IIBUVNE L TDIAU 5 AT bPauIUsaazIantuszuusa

AN5199 4.8

917 4-18



LUUINADILAIABYFINSUNITINUHNUNITVUF 98 BB aE 95 USERNS AN

Fryaynavii RDG 60T1041

AN 4.8 UIUTOLALLIANITIUTEUU

wasenselaeaslundazgaliuinig

uIukadnaelneRdslulsazge

4 (uii/fu) Twusnns (Au)
FUnuun Tz Tz T T o
5 . o Fauhwdn  Feuwiin o Y9N
Fauu Nt Joundow ) ) Yooy
YN YUY Y198n
1 2.92+ 1.46 76.76+ 35.13  0.52+0.08 1.56+0.77 41.18+21.00 0.24+0.04
43,15+32.50 71.62+6.77
(¥09 1-2) (Y09 1-2)
2 2.33+£1.70 0.48+0.06 1.21+£0.96 0.23+0.04
103.98+38.34 36.47+17.23
(Y04 3-5) (¥94 3-5)
3 2.92+1.46 75.14+35.08 0.52+0.08 1.56+0.77 41.18+21.00 0.24+0.04

4) AFIAFOUAINNYNABIVDIUUUTIABY

NIATIAFRUAINYNABIVBILUUTIRRIIMTTR 2 winfe 1) natadslunisTevedsaussyn

way 2) huusavssnnedslualuvedsan

5) 1387238 114N1559 1Al UNNTIPVDIDRUTOMA LAY DYAALULABUSUINAN 2559 DaLADU

1 6y
aa v L4

furpay 2560 FeldsyuuAuuieiuguwuui 2 dude deganasidnunsambuluaululaviuiiney

TAgRNIZAUN 1 Wag 2 KaN15tUSUMBUNa luN15I9INNNTSULUUTIADILALLIANTS AR M UNNT

£
=2

4.14 \dleRnsannanadefiintuazdiuitnailtunissevesdesaniioenitiailunissevedeslyl
Tndluyndion uwiaruwansrsaziuladaluiousuinausazunsian uinndnfounuaiusias
fiuan Feoraiinainnisunsnaadiunnlufeounuaniusuaziuvia inlinisimvesdeanyinle liiso
A = = =~ Y av v ° A o [
whiies Wewssuiisuiunailunissenlaanuuuiiaeanuiniinisseuiunin dee1adunsiy
YSunasassrudddunuuitaesgnimualindugud anuwandevediaIsenueinvesdey wui
dovanilnanlunissetosnitdessausinagiaiiuladn lnewuuiassaziinniosnitAiasaszuiu
30% WAAHLANANNVRANA1TONLAIINLUUIIABIVRI D INdRl dndrulndlAes FUAINLAN AT
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200.00
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NAAINLUUTIADY

140.00 Fmmm e
_— 1
= 120.00 !
=

< 100.00 '
80.00 .
60.00 .
1
40.00 i
1

20.00 i .
1
0.00 !

s.A. 60 um 60 A.w. 60 id.a. 60 sUuuuAsUuuuAsULLLA
1 2 3

160.00

1787 (U

maaa'lvid Waaasam

A 4.14 Wiguisunanlussuunnuuudtaedias Uayais

PNNANITIBBINTNNVOIIAUTTNNAZTULAI Dalunissaiilannuuudiasitiosniomn
939UTEUN 30% TDNRUAUMAUIINAIURANAIALUNITUTEEUARRLVBININTTU VSONITTINDS
Avpssaussndaviey AnunedavessaluauludviliAnnsardivesnisiedouise wiailu

Jaynin1sselenans vve 593UY0IUNBE1NGU 30 sady Falgmuvarilldlag nidhunsiulily

=

wuudiaes nsnensalialunissesslusunstesundalanugnaetdseniinisviuvilesdeyad
lidoyariarseinduaislusdndusuwuy nanisanfunuludiutiaenndosiuingussadde

1.2.1 msusuldlulsanuisdesinsfinudeyavesianssusine lulsanulpgagideaiaiy

4.1.4) WUUTIABUNINMTINEIAUNTTANS DY
n1smvaNUsnassfidilsnulusaz Judndudemsuisussunanisdn waza19unis

Andegluniaudu n1sdnadunisindesvedlsanuiinansalfinui 1 ludegtudaldisnsdvaain

v '
v =< ]

39158990 US LU R8T I01VN AR o UwNULUALYINNIAS wuuIaealFagnwaunTuielslunng

Y

o

AAIAUADUNSIVDINITANDDIAINUUAIAIY LINDLAUNANDULNUTINVBUNYATNT LABNITANRIN
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finandevednlatineligayvaieiieantianlunisiiunisrasudunienisdn wadedanilada

NanauLuilaannIsAnveLUatluniarisia Yeyaiinaulasiudayassediutoyanusiumu

Y

WAZHANBULNUAINNTAAKUAITIAILINDIN ANUVIIL U ndndes Lianlunisugn Jeudas dad
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wuuaedlasunisiauuulysensudnsagy Microsoft Excel Fwihliinesanisldau uaz

ldsaadsaldaneiy agnelsAnuanusilunisAuiunas1aed NI lUT kNSUABNA NN D ST LT LY

o w

nsuAtalymidnuulBeusunadug 1wy Matlab w3e Lingo Uadudidty 3 Usenisiiuanonns

[ [y

AANRUNITHNAD

1) wamlsiinannisdngeefiuias i, MnuUasdesrianuade 11 € 1 o 9394281 £, 99N43a7
& ' ° 2 A B A & 2 ) = =
e T, t € T Hnarenvmvuadunilaiuvionseiuila lnenammunerulunigg vse vil
U viovaneUnamnsaiiled wardilsiiintudaunsafnaldainsimsudentilssu anumnu
Y94908 Umiindseiusunuiiiniuainnsiiuineidesiiulas i s Haavan t Tunsdiian1iznisiiiu
Aealdngavdwiunisinuineidesluniad i s 920980 twu lunsdindesiiauan wiefugeu
Yuanuwy Wusiu namlsszgnasidianiesniivzawiiugud Inesimsuielud 2559/2560 uans

Y Y

Tums1e7t 4.9

A15199 4.9 LAAISIANDURDFUNTEAU T T tod TuUNSHAR 2559/2560

STAUAIAMURIU (T & Lod) 1AL (F)
8 924
9 987
10 1,050
11 1,113
12 1,176

T
Y

2) szegnattunsdndegveudad i Fauuiassidieguuanuigiuinianlunisindesau

2 1 cs' <
nuAkUaduAIAINAaDAGALAULNY?

3) Alganeiinannisiauainulas i luvas j {j,j} € I anldanglunisihunisssrinailas

208AUIULANANTDINAY + ANIUNINUETUNISVUAS + ALFULIATUNITIAUNI

Joyafiltiludoyavewdadosdmsusasia 1 duimualisindesain 39 wlas deyatlade
eenuasadutuiinastulusunsudsagy Microsoft Excel Tuguveauning Ingranauwnuain

wlag 1 89 10 A3an 1 99 14 anunsatuiinlenanisen 4.10
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A15199 4.10 NamaULNUINWUaY 1 09 10 (Md28: 508U M)

Revenue 1 2 3 4 5 6 71 8 9 10 11 12 13 14
1 6 7 7 7 8 8 8 8 8 8 9 9 9 9
2 4 5 5 5 6 6 6 6 6 6 1 1 1 1
3 2 3 3 3 4 4 4 q q q 5 5 5 5
4 20 20 20 21 21 21 21 21 21 21 22 22 22 22
5 8 8 9 9 9 9 9 9 10 10 10 10 10 10
6 16 17 17 17 18 18 18 18 18 18 19 19 19 19
7 26 21 21 21 28 28 28 28 28 28 29 29 29 29
8 28 28 29 29 20 29 29 29 29 29 30 30 30 30
9 4 4 s 5 5 5 5 5 5 5 6 6 6 6
10 2 3 3 5 4 4 4 4 4 4 5 5 5 5
1 11 12 12 12 13 13 13 13 13 13 14 14 14 14
12 43 43 43 44 44 44 44 44 446 44 45 45 45 45
nalun1sindesanulasdi 1 89 10 anunsatudinldfmised 4.11
a519fl 4.11 vanlunsindesanulasd 1 89 10 uae: wndl)
Harvest Time 1 2 3 q 5 6 7 8 9 10
2 2 3 4 3 3 3 2 3
dmduAidumennudas § Tuuwdas j anansatudinldfansed 4.12
A1519% 4.12 AUYUNISAUNTENIMUasdRe 1 fs 10 (ndae: Soaum)
Travel cost
(milh) 0 1 2 3 q 5 6 7 8 9 10
0 0.29 158 21.10 21.00 21.20 19.10 17.90 17.90 22.80 16.50
1 20.40 21.30 21.20 21.40 19.30 18.10 18.10 23.00 16.70
2 1.58 2530 2530 25.40 23.40 22.10 22.10 27.00 20.80
3 21.10 21.30 0.50 7.80 6.60 6.60 10.00 5.20
4 21.00 21.20 2530 0.06 780 650 650 1030 5.20
5 21.20 21.40 25.40 0.50 0.45 6.70 6.70 10.40 5.30
6 19.10 19.30 23.40 7.80 7.80 7.90 1.40 1.60 3.30 260
7 17.90 18.10 22.10 6.60 6.50 6.70 0.21
8 17.90 18.10 22.10 6.60 6.50 6.70 1.60
9 2280 23.00 27.00 10.00 10.30 10.40 3.30
10 16.50 16.70 20.80 5.20 5.20 5.30 2.60
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dielavayatadensaunsuilenduinguseasd (Objective Function) ¥adkuUa8IRBNIIN
o W o A Y a A o Y . . v aa
amumimﬂﬁlmamuLmumﬂmqmmmammmwum M8 Function Solver Add-in A187%

Evolutionary fa9819HaN153naAULAL ATNaNDULNUALA Laadlunsen 4.13

A151991 4.13 ANTNUERIHANITUEIAUATARTIL ALY &L (B8 %’EJEJ‘U’WI)

Objective 5,860.24

Order 1 2 3 4 5 6 7 8 9 10
Field 0 24 25 6 22 37 36 32 29 38 34
Cost -2.5 -1.8 -192 -39.7 -32 -003 -146 -356 -233 -13 58
Profit 511 41.66 5298 1532 19.29 11885 10.66 93.88 93.60 56.38

TneHandu Solver WudniasesiioNuielun1siasies What-If Analysis wuudeundu fe
NIIUHAANS (Output) 3ATU Microsoft Excel azmiuiungas Input 19 laewwaa Input 813dlla

panewad kazaunsanuuakaululunisauIalaainaie sudInInualy Excel AunuAlag

N o

Wilonadnsgegansesan dslunsaldnudwunisiaiumngaunviilanlsyugegn dddumss
Ql' o o LY 1 I a o 1 [y} 41' Ql'l Y] ¥ ¥ < Y =
7 4.13 deunsentukiazd9zinlsuans1eie anteuluiindnlassukUadwsnlmasawada
TUsindnuuasdnuwlaaniladnluaunsuniu d1uiuntainawtun1sanly dunuieanuininisdnwuad

% = 9°J > U a ¢NI o ¥ ‘ﬂl U U ¥ lﬂl o U L2
adunsednfuiukUatiundalindd andaulenananiaiuisa 19 Solver oA UIUAIBNUN 7Y

AW 4.15
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Solver Parameters lﬂh
Set Objective: SB388
To: @) Max ) Min ) Value Of: o
By Changing Variable Cells:

=
$C592:540592|
Subject to the Constraints:
$C592:5A0592 = AlIDifferent Add
Reset All
Load/Save
Make Unconstrained Variables Non-Negative
Select a Salving Method: Evolutionary [=]
Solving Method
Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth.
e | r—

dl vV U o U d‘ o o o U d‘ ‘Q‘ o Y o
AT 4.15 RUIRNNTIIRUAATLY Solver LWEJFI']U’JZN&’]@I‘UFI’WG]@VILM@J’Wﬁmﬂ%qiﬁlﬁﬂ’]liiﬂuq%jﬂ

sal v

NN 4.15 WU Set Objective: \WuwadnadnsNAsnstunl Ao B88 (flssau) Tu

1 Id o t% v & &) ' = o Y o 1 |
duves To: Wumsimualvnadnsuuduwinly Geanunsadmualidiwiumaigean (Max), o

(%
o

fAgn (Min) w3ervunAfidesnsied (Value of) Tuiifesnisinlssiugean dedudsimundum
Agegn (Max) dnluilu By Changing Variable Cells: Wuigaaiisiosnisliuasuan Tunidiluwad

wansvirgiaiuudazulaslunsdlfnui@ediavun 39 wuas uazaavinufe Subject to the

1%
o v

Constrants: [Wun1sAmuadaulaluniseiuia Tundifde Tufinnsdanuneiavwdasaduunsagnuny

'
[ = 1Y

wUaaAunFalunal denadnnnleasazidunilsasaniazlasulutiwiainianidsunisdaniud

Y 9

TUswnsulasieauwely

[ v

wuuaeslifwinnnugnieemainsiosaindeyalunanes @ wu nsiudeyadu

1%
=

AuvL Yvindes natlunisugn Jeutas Gedianuunnirstulluudasiugdon waziui
winzUgndldldfinistufin venandussfesdlamananisiBmsindduuiiRuresnuasng foq
Ailafsrnuninfioniuremauslonifinunsnsiiwsudasegldiuiiimsusudeudidunisen
dielanunsntluldlunisnsununisdaliegraiussansam wazgfsssy malssenldiumsuis
amuddnludumafutoyafisludint wanmssuduewluduiaonadosiuingusvasate 1.2.1
wa 1.2.2 Inefinsuansisnisliuasnisdaeulvsunsunas3sldauliuid winflveslssnuiang

Tunsain 1 Seusoswad
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4.2 NanN15ANEI1S99IUUINIaNSAANYIN 2

o b4

awv vy & v a a a e ::1' va o
AgAdelainnsiiudeyaUgugd wasniegianlssnulunsd@nun 2 aneiidelaagy

9

Y  aa a =

ToyasieItainigans s weliguimsnasninanuldiuSeuiisulss@nsamuedlsanulutnng
WAMT 2558/2559 Uay 2560/2561 Wleliifiuninsmwesdseavsamlunmssiiuauvedlssny way
Ainszrmteanislunsuiuussuseansamluggnisdnly fde 4.2.1 deyaiiligniianaing
wuuraesnisrudsdenidilssutina Fenmw visual basic uulUsunsy excel fviate 4.2.2
fAfedilifaunuuaesmaadnmandusumasiuamsuusatuideihde 4.2.3 daannso
Ul UTeUTsUUTEANEA MM SVUALUUTUATIAETIRIN 1 Y0 wazudInIeiiaInmsaiaes 2
Y Have 4.2.4 gavneangITelamiaTe i suig AU ULAEinlTURINSUUALUUTURTIIE T

v

810 1 Yn wagaudimeiIaInmIaaes 2 90 lnsusazitausisasidunsdelulnugidelaiinis

Audeyauguadl wesnisgfinnlsanulunsdlfinund 2 auzdidolfasudeyasmeisadmdmssaun
e lviuTmsuwazniinauldiuisuifisutssansamveslsanuludnigndail 2558/2559 uay
2560/2561 Lileliifiunmsiavesuszansamlumsdniunuredlsany uaziiaszvimdomisly
M3UuUssUszansamluggnsdaly fate 4.2.1 deyailignirnaiswuuirassnisuudsdosidn
Tsaa1uinna e visual basic vuldsunsy excel faade 4.2.2 fAdudsldiamuiuuuiians
ysadinmansdviunisdunamsiuiusatusiideiade 4.2.3 feannsaduilfidieudey
UsEANSAIMNTVUAUUUIUATIIEITIAIN 1 9n Lagdudimneiiain 2 ga fuiite 4.2.4 ganing
Az ITeladiAeiUSausURuNULas i lIT09INSTUALULTUATINETIAIN 1 Yn wasaudsy

[y

vhan 2 yaragddeliinsifuteyauzugll uasysgionlsslunsdlinui 2 ansfideldagy
ToyameiSadAdamssan Welruimaasninnuldiusuiisulssansamyedsanululing
WART 2558/2559 WAy 2560/2561 Liteliiunmaamvesdsdvsnmlunmsduiusuvedsaany uas
Ainszmteanislunsuiuussuseansamluggnisdnly fde 4.2.1 deyaildgniianaing
wuusiaeanisrudsdesidilsanuiina feniw visual basic uulusunsy excel faado 4.2.2

ER8TI L ANAIUILUUINADIN AR ANERS AN NS UNITAIUIUTIRNUIUSDTUAAIFITD 4.2.3 9811150

e

U s U B UUSEANSAIMNITVUALUUTUATIAILTIAN 1 YA LAZIUEIETIaIN 2 99 A
Wl 4.2.4 gavneanzIdelaaseiiUSouiisusunuuasmlsvaanisvudsuurunsssaeian 1

YA WATVUAIIETIAIN 2 YA

9
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4.2.1) Wiguiflsuannvaenisvudedosvaslseuiiniansalifnend 2 seudneln1snan
2558/2559 way U 2560/2561

WS UMIBUEDANISVUAIDDETITEMINUNSHNAR 2558/2559 way U 2560/2561 Uodlsaa1u

S =1 a S =1 (Y ' U 5 [ o LY a & [
dimansaldneni 2 laelssunsaldneisenaniagsuiimaludaminluniang Susonideaniioily

Y
= o [ [ = [ [ = Y

wanloun Jmingduns Jmiay3sud dminasaviny wazdwinguasuondl Wudu Fduglinieiids

9

[
=

lsanuiufienianz fueendesntiien Jaiuimiglandesuniigatulssinealneg fuiuludniswde
2560/2561 15991u191ansalane i 2 TUsunudaevianus 3,183,478 du Andusesas 5.13 ¥a4
USunaepevavunvadssulunianyiuvesniduanienaus Nalvinlwludraantafiusasnou
Suneulyauialszinanfoungeninuluddalunisvudsdosdnndalssuuiniasgissiowiio 3
° a A v H g .«.:4' T a a Py
IUIUTRAMYNTIUUINBNTUANYIT 2 58MIN9TUNISHER 2558/2559 way 2560/2561 Lass

GﬂiN‘ﬁ 4.14 uay 4.15
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A5199 4.14 UIUSARASTINLSINULINNBNTUANYIN 2 58MIN9UNSHER 2558/2559 IWUNANUALN

uIUTAUTINLREETULAaTANN (Mie: AL)

Usensn

1 2 3 4 5 6 7 8 9 10 593
sovanleu 19 27 39 54 51 6818 80 6647 165 965 14,865
soudne - ; ; ; : : . . . 708 708
FOUIIYN 6 &0 2 1 1 - 2 - - - 10 3996 4,012
099N 176 85 98 6,768 6,743 38 24 33 45 333 14,343
50 10 49 (WI9L) 1 3 2 1 1 142 6,858 204 6,651 984 14,847
s0UsTIN 10 dolflen 4 4 7 5 4 3 3 1 6 37
3098 12 a9 187 177 206 3 8 19 22 24 21 20 687

TOLaLans 18 a9 7,047 7,163 7,111 540 494 381 390 406 359 361 24,252
sawaLans 22 a9 1 - - - - - - - 6 782 789

334 7,437 7,460 7,464 7,371 7,303 7,401 7,374 7,317 7,258 8,155 74,540




87-p L

A5199 4.15 1UIUSARATMNLSINULINNBNTUANYIN 2 58MIN9UNSHER 2560/2561 IWUNANUALN

UIUTAUTINLREETULAaTANN (Mie: AL)

Usznnsa

1 2 3 4 5 6 7 8 9 10 394
sawanleu 18 12 15 10 9 9 6 8 8 15 110
saudneal 193 162 147 12 16 16 12 8 16 22 604
FOUIINN 6 &9 11,569 11,601 11,499 1,636 1518 69 58 52 38 50 38,090
099N 15 11 14 7 11 1,140 11,556 1,263 10,904 985 25,906
50 10 89 (W29L3) 479 473 538 794 780 10,962 386 10,290 455 720 25,877
50UTIYN10 deiflen 374 338 402 10,044 97755 25 24 23 33 282 21,300
0% 12 49 1 - 2 2 6 2 - - 14 1,117 1,144
SOWaLaes 18 a9 3 - - 2 - - - 1 27 1,732 1,765
IOWALADT 22 4D 8 1 - - 1 1 2 5 125 6,803 6,946

33 12,660 12,598 12,617 12,507 12,096 12,225 12,044 11,650 11,620 11,727 121,744
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31N915190190UH WU Tseuidiaansdlfnwin 2 Isausimniiussmndeediglseany
wanviangyseian Jalugetvaglu 2560/2561 FA1WIUTAUTIVNORERATNLTINUNLTUN I T
MR UNE4 63.30% lgUseiansaiiunnlann saussyn 6 & saWi3 5aUssYn 10 do uagsansaiass
22 & (Aawa9) s uonaniludilchulssnuinalunsdil 2 desnsmeassldszuunisvuds
dogsngsawmsalaes 22 a8 (i) lnglahdefSumnsenislvuiavevrudimaainaniioy
! S Y v A 1% o a  a v dy 6':’ 3 3
fe 3 andmeiupe udmruaanslunisineesvessausInUssnillusuiningay 10 laeiduy
s N al Naa o I3 Y e = P
nsneassvedlsanuinansali 2 Tunsdindnisldsamsames 22 do (Ranae) Fudussuurudeiu

anntvuaneunlglussuurudaswal LausaNUSEANSANarana lra1elun1sTuddlBLI e U

frumsrudsuuRntuAonsvRdmUUN1laeiIaIN 1 99

druveana1selRdevessausIvn 22 deludliagiu 2560/2561 fisgernansetayainiy
TN 1.2% lagianseiafevesliagtuedi 238.29 uri nsllmsiiliansenteyatonvdana

wndinsamiiauly Inedeyauanlafnmisnd 4.16 way 4.17
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A15199 4.16 1IA159LRALMINTTINUUIMIBNSAANYIN 2 SEWINNUNISHAR 2558/2559 ILUNAIUAUN

LIt

0¢-v

A

ransasadelundazaun (vioe: Aw)
Usensa

1 2 3 4 5 6 7 8 9 10 394
sowanleu 155 323 186 47 42 302 - 34 39 107 143
soudne 342 338 311 224 212 152 175 178 209 220 306
JOUIINN 6 §9 385 380 379 290 280 253 248 247 239 246 366
FONQN 503 296 346 377 1246 418 501 517 501 407 494
30 10 49 (WIau) 386 332 444 440 527 500 488 502 496 407 494
IAUINNL0 douen 204 287 259 329 325 122 175 181 172 181 320
AN 12 89 240 - - - - - - - 99 177 177
sowalaes 18 a - - - - - - - - - 221 221
SOWaLaes 22 a9 232 623 410 - 284 - - - 149 221 221
394 380 378 375 327 323 483 485 486 484 261 397




A15199 4.17 11a71591A8MNTSIUEIAIBNSAANYIN 2 SEUINUNISHAR 2560/2561 IMUNAIUAUN

LIt

A%

z:l' 1 g L4 1 [
LIANSARAY IULABSANNW (VU8: A)

Usznnsa

1 2 3 4 5 6 7 8 9 10 394
sowanleu 44 39 53 35 38 37 32 36 24 46 40
soudneu 254 264 236 149 257 225 188 190 199 110 241
JOUIINN 6 §9 289 287 284 233 229 201 192 221 217 235 282
09GN 167 223 256 280 304 361 403 358 399 319 394
50 10 &9 (W3L) 366 349 357 345 349 405 397 403 353 323 395
JOUTIYNL0 doien 186 180 178 236 231 184 195 206 200 204 230
0% 12 §0 107 - 235 198 243 324 - - 163 176 177
SOMALa3 18 4 210 - - 428 - - - 122 236 222 222
SOMALAT 22 4 248 93 - - 98 479 262 110 248 218 219
394 288 286 283 243 238 399 401 397 393 229 315
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ludiuvesnisvudedesludssinnsamsaiaes Rawag) 22 ae Mludsziansavssnnlu

=

SUMUUMSVUAIMETIaININTALReS 2 4n anansailSeuligudeyaneadnunsuan 2558/2559 fiu

2560/2561 Fawuauszivlunisfnwnlu 2 nsdl fie YSuades waznailunisse lnedayalud
[ v ! A o = ! v = < v ! =

2559 \Uudeyalutinfieusuiimu 2558 - Tuan 2559 drudeyalul 2561 1Wudeyaludiusiou

$uAn 2560 - meunAu 2561 TnefiseasiBendansned 4.18

M13197 4.18 Wiguigudeyanvainvedlssnuiiaansalfinuil 2 seninelnisuan 2558/2559

u2560/2561
2558/2559 2560/2561

» L4 U 4% y o L4 U
Wau  AnRAaIe AvRdelmMln  dninsan  Aedsiase

- wlseeu . . - tlseeu

(W) o (") (") (W) -
() ()

§.A. 275.61 1,022 37.96 60,355.62 210.23 18,859
u.A. 233.21 1,179 38.91 63,298.89 223.00 18,178
.. 215.52 1,225 39.27 67,353.64 280.65 24748
i 134.77 586 36.73 54,622.22 183.98 10,828
[SARIN 0 0 33.87 16,120.19 175.44 2,261
W.A. 0 0 31.34 1,598.45 275.69 133

NAN5199 4.18 W TuUNSHER 2558/2559 HA1WIUsaUTINNDReUsEmIsamsaaes (A
119) 22 q9 Wl59u 4,012 A dlulnisndn 2560/2561 J91WIUsAUTIVND0EULIIU 75,007

AU WAz mingaeidnlsenusIn 263,349.01 sy F9ludinfouilisesiinuinfgainaunun1ius

77 '
v

WA 67,353.64 Ay MatUSU10 08 TuuI L UNUS U MNARERL NI LD 19ABL LD INNFNTNBINABAY

DilvszmAveslnefiaed Lo UsuNugo TN TEWEIINNATTUIALAEANLABINITUTLAA

[
= 1

UINNATBINIAASITOUNZIVY danaliAadenansereIn1sndsn 2560/2561 Fadudlaguiuiiunnnin
U 2558/2559 Taglulnisnansenaiiinnansenfnasnniganiaussuial 224.83 w1l laeliaised

[ 1 ¥ ] v I U = I v 6
'Ll']u‘i]8@EJJIU%QQWUQ@“U@@HIULWEJUﬁu'J'WﬂlIﬂQL@EJUQZJﬂWWUﬁ
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4.2.2) WUUINADINITVUEID28UDIL599UUINNE

auzitelurhnisaianuuasadosiulaglilusunsuduiasy Microsoft Excel Tngshans
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1.2) AR (Parameters)
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1.3.1) gasdwmsunisauiuiingitesiunisianisnisvudidesanaanivudieg
l5a0utna
1.3.1.1) 91U UnIAIY0ITAUTTNNRAL TAAINIVBILA A A YUY

(Number of Queue for trucks and semi-trailers in each Loading Station: Q;)

WT,
V xCF
satiunauuAanandluuauilidmingUsinudesminiu 60,000 fu lagvuiaussyamiiiu

Q = (1

35 iy wazdudunilaseulunisiausaitldvingu 100 Wil Asduaziiduiudnsfivesaniluugn
60,000 o
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35x100
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Y

(@ Hvuagasun 20) W Q,, =

sauluMSHUSANIIINTU 100 W9
1.3.1.2) nuruUTnsmvesiiainsanaweluatululseuidinia (Number of

Queue of tractors for semi-trailers in sugar mil: Q)
Q; = %Qi (2)
1.3.1.3) Daeseuvessaussvnuazsanainsluusazaniivudne (Period of
per Cycle Time for trucks and semi-trailers in each Loading Station:c;)
C=a,+L+y,+0,+&+ +y, (3)
1.3.1.4) nasiosouumazaniivuans (Period of per Cycle Time of tractors
for semi-tractors in sugar mill:C )
Ci=a;+pf+y;+8+&,+&,+y, (4)

1.3.1.5) 1uruiiainvessaussnnwazsanelstuldazaniivuane

(Number of Tractors for trucks and semi-trailers in each Loading Station : T,)

Ti:&haﬁ' T, <U, e u =% (5)
Cycle 'l

Ci
31NEUNIT (5) TWIUMIAINVBITAUTINMaL TN NaaTazApllFAtpenitveulnuy
Pumaniannd e U, As sruiumanivinliaandauniswmdesldegremoiiiowmasniia @9

nMsEisuIUaINNINNIRazARN AR el T
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1.3.1.6 31u3UMIaInveIsandangn1eluatulsessuuiniga (Number of

Tractors for semi-trailers in sugar mill : m j)

Qj - = Ci
Mj—CyCIeT,ﬂsm M, < X, Wl ij—j (6)

C.

]

PNANNTg (6) Suruannfianiasdesfidosniweuinuusunuiainiiand e X,
Ao Sauhanivihlfaniouielnansssldesseiiisinasnian fsnsilsiuiuainuinning
sufansroeiilddniu
1.3.1.7) Suaunsainvessansnaslunsazaaifvugis (Number of trailer
for semi-trailers in each the loading statins: L,)
L =T +E ()
Jnaunis (7) E fie srunumsnsvessafsisiifisaneiiviilisavainlidessenisluaiu
vadlssautina
1.3.1.8) S1urumainvessanaineniteluaiulsseuiiaia (Number of
trailers for semi-trailers in sugar miliN ;)
N, =M, (8)

1.3.1.9) MAININTBIUN (Dump Capacity: C) ansafuInilannians

seluil
cp - &vele 9)
B,
1.3.1.10) YFuaumaen1snanvasiviuim (Loading quantity capacity: CQ)
CQ = C);cle (10)

1.3.2) grsdmsunsAuiniifdesiusununisuuds
1.3.2.1) AidousIA13aUsTYN (Deprecation of Trailers) IngUszgnsilendu
yan13dufe PMT iilefuinmeennstissitudmiuiug viemsdousissdennnnsdiuie
sovudedenvodlssanilunsdifinuil 2 Tnednmnnistssdunsiuassnsmenideni dugaslu

o 1 A 1 1 ! 14 1 a ! a L%
NNTANUIANLERNIIANAZ LU UY 4 ﬁ?ﬁl@LLﬂﬂ?Lﬁ@@Ji’?F"l’]iﬂ‘Uiﬁ‘Vlﬂ (DTC) ALABUINAINIAINVBDIIN
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AW (DH) andeusimrienasuessanenisiuisazanndl (DT) wazAldousIAImIeneeeIsans

[

waneluauweslssuiina (DTa) wazauainusal

1) ﬁ?Lﬁ@iﬂﬁﬂﬁﬂUiiV]ﬂ (Deprecation of truck: DTc)

S
Tc—
pre—— @0
1
]__
(1+¢)

trailers: DH)

S
H -
o - @+t
__1_ .
@+0)

trailers: DT)

S
T-—
)
- 1
1_

(1+¢)
¢

(11)

(12)

(13)

a) ANEINTIATMItAIALRNLANYsTanawsnteluatulseIudInIg

(Deprecation of added trailers for semi-trailers in sugar mill: DTa)

S
T- Y
pTa—— &40

L1
(L+0)

l
At AFDNTIAYBITIUITINNUAazUIEAY dunsarwInATlgInelanal

1) Adeusnansaniae: DTe = 391,833 umsied

2) AndEaNsIAIaInvasaadvuaekasnuluaty: DH = 314,976 uwsial

3) AdeusIAeae: DT = 76,856 U widel
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4) ALENSIAUNINLLRY: DTa= 67,440 uneal
1 soj L% d’lj a 4" 1 Q‘I 1 a
1.3.2.2) AUnsiudoimnaauedsaussynuag sananenidluusazaniil (Usage

fuel cost for trucks and semi- trailers in each loading station: FV,)

FV, = D, x(Lf + Af )x FexQ, (15)

[% [
N a

1.3.2.3) adfuideiwasweshainsanwheiildneluaulssuinna
(Usage fuel cost for tructors for semi- trailers in sugar mill: Fv,)
FV, =D, x(Lf + Af )x FcxQ, (16)
1.3.2.0) 1879 WAZNTENEA0UDITAUTIYNLAYTaRT Tl luudayannil
(Usage tires and rims cost for trucks and semi- trailers in each Loading Station Cost: RV, )
RV, =Dx2xTrxQ, (17)
1.3.2.5) fens uaznsrnzdevewhainsonaieildnieluaulssunia
(Usage tires and rims cost of tractors for semi- trailers in sugar mill: RV, )
RV, = Dx2xTrxQ, (18)
1.3.2.6) Anisiuaiesuagldnsesessausmnuazsofeinedlfluudaz anail

(Usage motor oil and oil fitter cost for trucks and semi-trailers in each loading station: MV, )

MV, =D, x2x Mr xQ. (19)

1%
o w

1.3.2.7) anthsfuedesuazldnsasvesiainsafaieildnaneluaiulssany
‘Lifﬂma (Usage motor oil and oil fitter cost of tractors for semi- trailers in sugar mill: MV,-)
MV, =D, x2x MrxQ; (20)
1.3.2.8) mdiarRufouautusarudiwsslulsazaniil (Wage and salary
cost for trucks and semi-trailers drivers in each loading station: SV, )
SV, =DW xSW xG x Q. (21)
1.3.2.9) Ard1auar duidouauduiainsaiiaenelualswiutina

(Wage and salary cost of tractors for semi-trailers drivers in each sugar mill:sv,)

_ cycle 5 cycle <M Sw

- 20 (22)
' 1440 DF J><30
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1.3.2.10) siununstiiiainvessausinlusdavaniil (Usage tractors for

trucks cost in each the loading stations: £2;)

(23)

o :_I_iX(DTc+t+ IN)
Cw

1.3.2.11) sununsidiiainvessafansluusazaniil (Usage tractors for

semi-trailers cost in each the loading stations: ¥#;)

(DH +t+INJ
CW

1.3.2.12) siununstivsainvessanansluisaganiil (Usage tractors for

YJ. :T. X (24)

semi-trailers cost in each the loading stations: @;)

D =L x (%j (25)
CW

1.3.2.13) sununisidiainvessafanienigluaiulssauiinia (Usage

tractors for semi-trailers cost in sugar mill: HS,-)

HS, = ij[Dg'W”j (26)

1.3.2.14) sunun1siinisainvessafanienigluaiulssuiinia (Usage

tractors for semi-trailers cost in sugar miLL:Tsj)

TS, Z(ijc[:)—\;\r/j+£A>< E\Tvaj (27)

AMNaEuNs 27) A A uueaINAidRuN Ul ua 1LY alsauLInIg
1.3.2.15) siuvusefuvessaussynluusazaniil (Cost per ton for trucks in

each the loading stations: CT;)
O+ FV + RV, + MV, +5V,

CT, (28)
Q
G
1.3.2.16) funusiefuvessafeisluusazaniil (Cost per ton for semi-
trailers in each the loading stations: CS;)
Y +FV, + RV, + MV, + 5V,
CSi = (29)
Q
G
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1.3.2.17) siuvusasuvesiiainsafamenigluaiulssnuninia (Cost per

ton of tractors for semi-trailers in each the loading stations: CSJ-)
HS, +TS. + FV, +RV. + MV. +SV.
CS —_ j j i i i

’ Q

G
1.3.3) gasdmSumsAuaiie Teeiudunusin 118305 wagilsannsuuds

(30)

Souiglsanuthema
1.3.3.1) funusmvessaussniazsansadluusiazantil (Total cost for
trucks and semi-trailers in each the loading stations: TC;)
TC, = CT xWT, (31)
1.3.3.2) fununuvesianvessofsmiengluanlsanuiema (Total
cost of trucks and semi-trailers in each the loading stations: TC;)
TC, =CS, xWT, (32)
1.3.3.3) 91efurinvessavssynuazsanaislulsiazantil (Total Revenue
for trucks and semi-trailers in each the loading stations:TR;)
TR, = RexWT, (33)
1.3.3.4) Mlssoruvessaussnniuusdazanil (Profit per ton for truck in
each the loading stations: PT;)
PT. =Re-CT, (34)
1.3.3.5) Mlssesuvessafaislundazaniil (Profit per ton for truck in
each the loading stations: PS;)
PS, = Re—CS, (35)
1.3.3.6) Mlsmvessavssnuagsansiadlunsazannil Total profit for
trucks in each the loading stations: ZT;)
ZT, = PT, xWT, (36)
1.3.3.7) lssamvessofaisluusazaniil Total profit for trucks in each
the loading stations: ZS;)

ZS; = PS, xWT, (37)
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IS eFILUUN AN FNERSATIMAUNULALIN b IYRINS 2 JURUUNITUUES nd191ntud

nslaluswnsudnsagy Microsoft Excel wieldlunismeneu Tudwvesrnsiidmsussoziantu

ANSYUAI HIR15N 4.23 way 4.24

A15199 4.23 5883L’Jaﬁﬂaﬂﬁﬁ]ﬂiilmaﬂﬂ’]ﬁmﬁﬂéjaﬂL%ﬂéiiﬂﬂ?ﬂﬁ?@?ﬁ%@ﬂiﬂﬂ?ﬁ

szazIan (We:uN)

o oM W siaUdanenng W 3ndu Tvan
1 180 20 5 60 50.00 90
2 180 20 5 100 83.33 90
3 180 20 5 124 103.33 90
4 180 20 5 150 125.00 90
5 180 20 5 128 106.67 90
6 180 20 5 230 191.67 90
7 180 20 5 140 116.67 90
8 180 20 5 140 116.67 90
9 180 20 5 254 211.67 90
10 180 20 5 180 150.00 90
11 180 20 5 250 208.33 90
12 180 20 5 206 171.67 90
13 180 20 5 200 166.67 90
14 180 20 5 200 166.67 90
15 180 20 5 180 150.00 90
16 180 20 5 180 150.00 90
17 180 20 5 250 208.33 90
18 180 20 5 304 253.33 90
19 180 20 5 358 298.33 90

20 180 20 5 352 293.33 90
21 180 20 5 460 383.33 90
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M19197 4.24 S2eEiIA1URINANTTUVBINTITUUAILDELINELI9ULINNAYDITANIN

sragIan (U)

arfun poldey :
O N Nl Wndu Inven
w9
x (@ulsey) 180 20 5 2 1.67 0
1 0 0 5 60 50.00 90
2 0 0 5 100 83.33 90
3 0 0 5 124 103.33 90
4 0 0 5 150 125.00 90
5 0 0 5 128 106.67 90
6 0 0 5 230 191.67 90
7 0 0 5 140 116.67 90
8 0 0 5 140 116.67 90
9 0 0 5 254 211.67 90
10 0 0 5 180 150.00 90
11 0 0 5 250 20833 90
12 0 0 5 206 171.67 90
13 0 0 5 200 166.67 90
14 0 0 5 200 166.67 90
15 0 0 5 180 150.00 90
16 0 0 5 180 150.00 90
17 0 0 5 250 20833 90
18 0 0 5 304 25333 90
19 0 0 5 358 29833 90
20 0 0 5 352 29333 90
21 0 0 5 460 38333 90

NNFATNTAWIUAUUNTVUAIRNNLANE1LT annsathunAasiuukesilsreenis

YUAIPIYTON WAL TONINIG FIANSN 4.25 Ay AN5197 4.26
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M13197 4.25 NITATLINAUNUNITVUAINIETONI

EHE) Ung a1 Knivell! Funy (um) funusw (Um) Arvuds ls (um)
aduit wWhuane ixazvm i fasau $an . Seesa MNATN
G (Aawms) @) i o wann e Wawmds LI Audu Aoy Aofu wm %  siodu 59U
1 12,889 30 3.39 410.00 0.77 1,191.07 0 2,747.39 305.27 101.76 3,415.59 7,761.07 60.21 91 33.83 30.79 396,792.14
2 29,290 50 771 483.33 2.07 3,190.81 0 10,405.66 1,156.18 385.39 7,761.85 22,899.89 78.18 113 30.81 34.82 1,019,780.64
3 13,976 62 3.68 527.33 1.08 1,661.13 0 6,156.80 684.09 228.03 3,703.64 12,433.68 88.96 132 32.60 43.04 601,464.06
4 22,134 75 5.82 575.00 1.86 2,868.55 0 11,795.09 1,310.57 436.86 5,865.51 22,276.57 100.64 136 26.00 35.36 782,566.88
5 16,150 64 4.25 534.67 1.26 1,946.21 0 7,344.00 816.00 272.00 4,279.75 14,657.96 90.76 132 31.24 41.24 666,003.86
6 81,006 115 21.32 721.67 8.55 13,176.14 0 66,190.43 7,354.49 2,451.50 13,771.02  102,943.58  127.08 170 25.25 42.92 3,476,662.12
7 68,142 70 17.93 556.67 555 8,549.57 0 33,891.68 3,765.74 1,255.25 9,335.45 56,797.70 83.35 137 39.16 53.65 3,655,684.36
8 34,436 70 9.06 556.67 2.80 4,320.58 0 17,127.38 1,903.04 634.35 4,889.91 28,875.26 83.85 142 40.95 58.15 2,002,385.71
9 80,000 127 21.05 765.67 8.96 13,805.88 0 72,189.47  8,021.05 2,673.68 14,400.00  111,090.09  138.86 180 22.85 41.14  3,290,990.90
10 81,980 90 21.57 630.00 7.00 10,791.67 0 52,424.05 5,824.89 1,941.63 11,641.16 82,623.41 100.78 142 29.02 41.22 3,378,819.44
11 43,373 125 11.41 758.33 4.81 7,413.34 0 38,522.07 4,280.23 1,426.74 7,807.14 59,449.53 137.07 180 23.85 42.93 1,862,187.27
12 21,395 103 5.63 677.67 212 3,267.86 0 15,657.76 1,739.75 579.92 3,316.23 24,561.51 114.80 155 2594 40.20 860,073.96
13 16,698 100 4.39 666.67 1.63 2,509.04 0 11,864.37 1,318.26 439.42 2,504.70 18,635.79 111.60 150 25.60 38.40 641,120.74
14 17,015 100 4.48 666.67 1.66 2,556.67 0 12,089.61 1,343.29 447.76 2,569.27 19,006.60 111.70 151 26.02 39.30 668,605.48
15 41,170 90 10.83 630.00 3.79 5,845.96 0 26,327.13 2,925.24 975.08 6,340.18 42,413.59 103.02 154 33.10 50.98 2,098,821.32
16 34,211 90 9.00 630.00 3.15 4,857.81 0 21,877.03 2,430.78 810.26 4,857.96 34,833.85 101.82 142 28.30 40.18 1,374,576.97
17 62,183 125 16.36 758.33 6.89 10,628.36 0 55,228.32 6,136.48 2,045.49 11,192.94 85,231.59 137.07 180 23.85 42.93 2,669,780.54




&b LI

A15197 4.25 (ia)

Y3

Uns

U

Ly fuyu (Umn) Fuyusw (Um) AnuEs fls (um)
o FTYINW R , - ;
aaudl Whisng A fasou F2a1n j Tsfuetas MM
9 (lawns) - 8N W oAl 81990 AUt fiasau g % fiagiu Eiet

(#w) @) (i) (Aw) uazldnsas (um)
18 17,930 152 4.72 857.33 2.25 3,464.69 0 19,364.40 2,151.60 717.20 4,356.99 30,054.88 167.62 243 31.02 75.38 1,351,502.00
19 49,287 179 12.97 956.33 6.89 10,623.71 0 62,685.28 6,965.03 2,321.68 13,061.06 95,656.75 194.08 265 26.76 70.92 3,495,379.84
20 54,000 176 14.21 945.33 7.46 11,505.70 0 67,528.42 7,503.16 2,501.05 14,310.00  103,348.33  191.39 265 27.78 73.61 3,975,166.67
21 60,777 230 15.99 1,143.33 10.16 15,661.97 0 99,322.41 11,035.82 3,678.61 21,575.84  151,274.65  248.90 355 29.89 106.10  6,448,369.60

tdl o L 1Y d" 1
13790 4.26 ﬂ?ﬁﬂ?ﬁ')fﬁ@]ﬂﬂﬂﬂflimuaﬂﬂﬁﬁﬁﬂﬂQW'J\‘i
Usuna S8y . 1281 F1uu (Au) Funu (um) funu (Um) Avuds mls (um)
Uuns
- wh NN - %o . AP an
a0udn - 2] %2 . 5 . Ugiuasas . , . o
g @la - Y NN el NN LYBLWAY 819 Y AUVY BTV naAU A3 % naAU KXt
. (GR) o amn uazldnsoq

(") Luns) W) (um)
X

67,217 1 17.69 213.67 2.10 2.10 2,362.18 1,195.75 477.59 53.07 17.69 0.00 4,106.28 6.11 - - - -

(El59971)

1 12,889 30 3.39 210.00 0.40 0.40 494.64 115.42 2,747.39 305.27 101.76 3,415.59 7,180.06 55.71 91 38.78 35.29 454,893.14
2 29,290 50 7.71 283.33 1.21 1.21 1,516.60 353.87 10,405.66 1,156.18 385.39 7,761.85 21,579.56 73.68 113 34.80 39.32  1,151,814.02
3 13,976 62 3.68 327.33 0.67 0.67 836.04 195.08 6,156.80 684.09 228.03 3,703.64 11,803.67 84.46 132 36.02 47.54 664,465.04
4 22,134 75 5.82 375.00 1.21 1.21 1,516.86 353.93 11,795.09 1,310.57 436.86 5,865.51 21,278.82 96.14 136 29.31 39.86 882,342.46
5 16,150 64 4.25 334.67 0.79 0.79 987.73 230.47 7,344.00 816.00 272.00 4,279.75 13,929.95 86.25 132 34.66 45.75 738,804.78
6 81,006 115 21.32 521.67 6.00 6.00 7,500.00 1,750.00 66,190.43 7,354.49 2,451.50 21,466.59 106,713.01 131.73 170 22.51 38.27  3,099,719.16
7 68,142 70 17.93 356.67 3.55 3.55 4,441.52 1,036.35 33,891.68 3,765.74 1,255.25 9,335.45 53,725.99 78.84 137 42.45 58.16  3,962,854.68




05b L

A15147 4.26 (A0)

v

Y sz gy Uy (Fu) funy (um) Uy (VW) Ay ls (um)
. it 919 - o N . 20
anun " a7 W . PR undueses ) . .
g (la - Y N a1 9 (ERIGE 819 Y ANAUTY fasau flany A1 % flanu £t
Y Gk o an wazldnses
(A1) Luns) () (um)

8 34,436 70 9.06 356.67 1.80 1.80 2,244.55 523.73  17,127.38 1,903.04 634.35 4,889.91 27,322.96 79.34 142 44.12 62.66  2,157,616.22
9 21,999 127 579 565.67 182 1.82 2,274.14 530.63 19,851.20 2,205.69 735.23 3,959.82 29,556.72  134.35 180  25.36 45.65 1,004,148.39
10 81,980 90 2157 430.00 500 5.00 6,250.00 1,458.33  52,424.05 5,824.89 1,941.63 11,641.16 79,540.07 97.02 142 31.67 4498  3,687,152.77
11 43,373 125 11.41 55833 354 354 4,42555 1,032.63  38,522.07 4,280.23 1,426.74 7,807.14 57,494.36  132.56 180  26.36 47.44  2,057,703.97
12 21,395 103 563 477.67 149 149 1,867.63 43578  15,657.76 1,739.75 579.92 3,316.23 23,597.07  110.29 155 28.84 44.71 956,518.28
13 16,698 100 439 466.67 1.14 114 1,424.05 332.28 11,864.37 1,318.26 439.42 2,504.70 17,883.08 107.10 150  28.60 42.90 716,391.94
14 17,015 100 448 466.67 116 1.16 1,451.08 338.59 12,089.61 1,343.29 447.76 2,569.27 18,239.59  107.20 151 29.01 43.80 745,305.65
15 41,170 90 10.83 430.00 259 259 3,235.22 754.88  26,327.13 2,925.24 975.08 6,340.18 40,557.73 98.51 154 36.03 55.49  2,284,407.33
16 34,211 90 9.00 430.00 215 215 2,688.36 627.29 21,877.03 2,430.78 810.26 4,857.96 33,291.69 97.31 142 31.47 44.69  1,528,793.23
17 62,183 125 1636 55833 508 5.08 6,344.82 1,480.46  55,228.32 6,136.48 2,045.49  11,192.94 82,428.51 132.56 180  26.36 47.44  2,950,088.90
18 17,930 152 472 65733 172 172 2,153.87 502.57  19,364.40 2,151.60 717.20 4,356.99 29,246.63  163.12 243 32.87 79.88 1,432,326.81
19 49,287 179 1297 75633 545 545 6,812.39  1,589.56 62,685.28 6,965.03 2,321.68 13,061.06 93,434.99  189.57 265 28.46 75.43  3,717,555.64
20 54,000 176 1421 74533 588 5.88 7,355.26 1,716.23  67,528.42 7,503.16 2,501.05 14,310.00 100,914.12 186.88 265  29.48 78.12 4,218,587.72
21 60,777 230 1599 94333 838 838 10,477.52 244475 99,322.41 11,035.82 3,678.61 21,575.84 148534.95 244.39 355 31.16 110.61 6,722,340.00
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INNANITANNUFUYLLALAL9INA5197INaINNTAINs AR IARaINESLIN 27 un
Rodns wazimualvindseiiedas 38 fiu lnsnisvudsdesnuulagldmainwmsaiass 2 ga 1Ju

4

SULUUNTISIUEINNANTMANEIN 2 ADIN15NAaRILTTILAI1919E5 UmNIT18 il RS URnva U

Y Y

(%
o =]

Wenananiivuangdey 3 aaniiieiu FeanunsaiUTeuiisunisuudeisasssusuuluannfvudiy

[

o ! vo X
fananlasail
1) @fvuanganun 18

N5YUdidRmErIaIn 1 yn dauussduviniu 167.62 umsedusel lnganiilvunngilil
s1elaannIsvuas 243 U wazduSunandnuunewindu 17,930 fu satunnlsseduminiy 75.38

vsiofuy lneRnilsanndununasiu 31.02% wasilssauiniu 1,351,502.00 U

dIUN1FVUAITREAITIAINMTAEDT 2 YA TAuvuoAumIAU 163.12 umndenusel Lag
anvudneiiseglaannisuds 243 vm wasivsunantninewiiu 17,930 du deduiilsdediu

Wiy 79.88 umsiediu lagAndilsainduyusiedu 32.87% wazmlssauwiiu 1,432,326.81 um
2) anflvugeasui 19

NsUUANEREMETIaIN 1 4n dauyusisdiumiiiu 194.08 umsesusel laganitvuaneild
578LAINNNSVUEAS 265 U wardUSunandmanewindu 49,287 fu sadunilsaafiuminnu 70.92

v mseduy lagRnilsanndununesiu 26.76% wazilssauwiniu 3,495379.84 U

Y

dIUN1TUUAIDREAILIIRINNTALART 2 Yn LAuvusaiuifiy 189.95 uwsesusal lay
= 1 dgjd ¥ ! = a ! L2 U U gj o ! U
anlvuaeddsglaannisvuds 265 vm wasvSinandmvinewindu 49,257 diu dedumlssedu

Wiy 75.43 unsiedu lneAndilsainduyusiadu 28.46% wazilssauwiiu 3,717,555.64 U
2) @garfvuangafui 20

N15UAIDREMETIAIN 1 YA Tauvusfuyiniy 191.39 umsesusel neanivuaieildl
7191l91NN15VUES 265 UM kazdiuSuantrungwindu 54,000 fu aatdunlsseasuinny 73.61

v sefy lneRnilsanndununesiu 27.78% wasilssauiniu 3,975,166.67 U

Y

dIUNTVUAIDREAILIIAINNTALGDS 2 Yn UAuvusafiuifiy 186.88 uvsiadusal lay
aoduuaneidsiglaainnisauds 265 v wagiiusunantiviunewindu 54,000 fu fetunlsmafu

Wiy 78.12 unsiediu lneAniilsainduyusiadu 29.48% wazilssauwiniu 4,218,587.72 um

P17 4-51
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£ 1% '
= a ¥ =

aglsienuielidanulndifesiunisvudsiiintuasedslammnunimindeaieosns 35
i Tngazrwinnanivudiedes 3 annll Faluandvumengsumunldnisuudedeswuulagly
WaNnIaaes 2 Y N9LLanItoyanIsAIUINYRINITYUAINIABIFULUY AIR15199 4.27 Uag

[

4.28 FeanunsaSeuiiisunisvudeisassgluuuluaniivumednanladad
1) @onduangansun 18

N5YUENdREMETIaIN 1 4n dauyussduviiiu 194.81 umsedusel laganiilvunne il
slaannsuuds 243 vm wagiivTunandwanemindu 17,930 fiu daduilssesuminbu 48.19

v siofuy IneAnilsanndununesiu 19.83% wazilssauintu 864,106.66 UM

drun13vUdIEAIEIRINNIALART 2 0 dRunusaRuwiiiu 197.15 umdesused lay
d ! dyd ¥ [l a A I Y v ag.’/ o ! (Y
anilvuaedisglannnisvuds 243 vm wasivSinandmnewindu 17,930 du dadudlssedu

Wiy 45.85 unsiedu lagdniilsainsuyusediy 18.87% wasilssiuwindu 822,034.67 U

2) andyuaieaifun 19

N15VUARBEMILTIAIN 1 YA ARunuifuviihiu 225.06 umsedudeU laganivuaiedl
579LANNNSVUAS 265 UM kazduSunantrunewindu 49,287 fu aatiunnlssasuwingu 39.94

vdefuy lagAnilsanndununesiu 15.07% wasilssauiniu 1,968,328.62 U

a v 1 o 1

drunN15vUAIEMIgTIRINNIALRRT 2 4n TAuudefiuwiniy 220.59 unsedusel lay

anfvuaedisielaannisuuds 265 U wagiusunandunewindu 49,257 fiu Aauunnlsnafu

Wi 44.41 vmsedu lagAninlsanauyusiediu 16.76% wazmlssiuwiniu 2,188,705.08 U

2) @HvUN18aIRUN 20

Y |

n1svudIdasfIeIaIn 1 ¥n daunussdumiiu 221.95 umsesusied lnvanivudieildl
578LAINNNSVUEAS 265 U wazdiuSunandnuneindu 54,000 Gy saduiilsaafiuinnu 39.94

v sofu lneRnilsanndununesiu 16.25% wasilssauintu 2,324,890.97 U

1% 1 Y 1

AIUNTVUENIDURUUTIAININTALADST 2 YARUYURBAUIAY 217.13 umdesiudel lagy

aoduuaneidsiglaainnisauds 265 U wasivsunandiviunewindu 54,000 fu fetunilsnafy

Wiy 47.87 usedu lneAndilsainduyusiedu 18.06% wazmlssauwiiu 2,584,713.80 U

P17 4-52
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M19199 4.27 NFAIUAUNUNITVUANTVLEDREMIETIAIN 1 Ya vosanTuuaefgsumunly

L. L 3w v AuNuTIW nls
afugenil T3 A
, . . R WUULATaY . . , .
Wing AN | WImIn W9 Welmds  e199n . Autu oAy wuds %  danu 59
wazldnsas
18 2.44 6,433 0 21,024 2,336 779 4,357 194.81 243 19.83 48.19  864,106.66
19 748 | 19,7125 O 68,058 7,562 2,521 13,061  225.06 265 1507 39.94 1,968,328.62
20 8.10 | 21,363 O 73,317 8,146 2,715 14310  221.95 265 16.25 43.05 2,324,890.97
M51a7l 4.28 MsAmnaBuuMsTLdsTsThanvsaaes 2 ya vesaaivudegiumnly
v e oA U AunNY funuIW nls
aduganil T A1
, W . £ EHIGEGR . . , .
YUy W | Wan W WeawmAs 8193 y AUdU  deAu  wuds % seAu 59
an uazldnsas
18 1.87 5.87 4,034 2,820 21,024 2,336 779 4,357 197.15 243 1887 4585 822,034.67
19 5.92 992 | 12,758 4,764 68,058 7,562 2,521 13,061  220.59 265 16.76 44.41 2,188,705.08
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Abstract— A discrete event simulation model was developed to
compare total profit from two transportation protocols for a small
sugarcanc transportation system. The conventional single-loop
protocol utilizes trucks to directly carry cane between farms and
the mill. The double-loop uses tractors and trailers to carry
sugarcane from farms to a transshipment area and use another
dedicated set of tractors to transport fully loaded trailers from
transshipment area to the mill The simulation was run for
different number of vehicles to find the optimal number of vehicles
for each farms. Different location of transshipment area is altered
to study its effect in double-loop case. With cost and price
parameters that are set similarly to what can be found in the
current Thai market, the total profits of double-loop protocols can
match those of single-loop when the time in mill loop is short and
the suitable number of tractors and trailers are allocated.

Keywordst; simulation, sugarcane, transportation, CONWIP

L INTRODUCTION

Thailand is currently the second largest sugar exporter in the
world. Although, the export accounts for only 10% of the world
total export, Thailand plays a great role balancing sugar demand
and supply [1]. World price of sugar is fluctuating during the last
10 years. The logistic and production cost plays a major role to
gain competitive advantages when price is down. The logistic
cost of sugar industry in Thailand is apparcently high comparcd
with other major sugar export countries such as Brazil, Australia,
and South Africa etc. Reasons include the increasing labor costs,
inefficient use of machinery due to small farm size, improper
system support, lack of integration between farmers and sugar
mill or among farmers themsclves.

The conventional transportation protocol uses trucks to
transport sugarcane directly from farms to the mill as depicted
inFigure 1. We call this a “'single loop™ protocol. Problems from
this protocol occurs when sugarcane is less than full truck load
or vehicles are not in a proper condition to travel in a long trip
from farms (o the mill. The problem is intensify in the peak hour
when many trucks come to the mill at the same time. The number
of trucks at the mill waiting arca could be accumulated to the
point that exceeds its capacity. A number of trucks that could not
enter the mill are inevitably park on the side of the road around
the mill area causing traffic and incurring waiting time. Many
farmers are not willing to spend hours waiting around the mill.

To alleviate this issuc, the sugar company provides the
intermediary area for unloading sugarcane. The cane in will be

reloaded to another vehicles then transported to the mill. In this
protocol, the double handling would slow down the process and
affcct the overall logistic cost of the whole system. To avoid this
double handling issue in the intermediary, the tractor & trailer
could be implemented as a mean of transportation. With this
vehicle. tractor would pull a fully loaded trailer from the farm
then release it at the transshipment area. It can immediately go
back to the farm with the empty trailers. The loaded trailers are
towed to the mill by another set of tractors. We call this a
“double-loop™ protocol consisting of farm and mill loops as
depicted in Figure 2. The double-loop protocol is comparable to
cross docking system with onc type ol item and minimum dwecll
time [2]. The difference is vehicle in farm loop will not go back
to the farm immediately after releasing a fully loaded trailer but
must wait in the transshipment are until the empty trailer is
available. The system is a closed-loop system which has a
constant number of trucks, tractors and trailers cycling in
dedicated loops similar to make-to-stock CONWIP system in [3]
with truck is the Kanban and trailer becomes a signal to trigger
Kanban movement. Several studies proposed methods to
optimize allocation of Kanban in the system namcly NLP or
various meta-heuristic algorithms as summarized in |4]. The
sugarcane transportation with multiple sets of vehicles have
been studied in [5] but the mode of transportation in mill-loop is
a rail which is different from the road in this paper. [6] focuses
on the tractor and bin for harvesting cfficiency in farms. They
cxplain advantages and disadvantages of two-loop versus onc-
loop transportation system. The density of sugarcane was
mentioned as an important factors to decide which protocol is
more efficient.

The higher number of vehicles is likely (o be able (o transport
larger amount of sugarcane but the margin of revenue might not
worth the cost of additional vehicle. In this study, total profit
which is revenue minus production, vehicle and fuel costs are
chosen as performance indicators. The discrete-event simulation
model was written in Visual Basic for Application language in
Microsoft Excel. Results from this paper would provide useful
information to a sugar company to invest in suitable
transportation protocol.

1L

In order to foresee the cost and benefit of double-loop
compared with single-loop protocol, we developed a discrete
event simulation for two small systems. The first system

DESCRIPTION OF THE SYSTEM SIMULATION
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consists of 1 mill and 1 farms as depicted in Figure 1. while the
second system consists of 1 mill and 2 farms. The difference of
single and double-loop protocols for system 2 is depicted in
Figure 3. Transportation in both systems were simulated by
single-loop and double-loop protocols where number of trucks,
tractors and trailers arc varicd to scc differences in the amount
of unloaded sugarcane and transportation costs. In double-loop
protocol, multiple locations of transshipment area also were
cxperimented.

In single-loop protocol, trucks transport sugarcane from farm
to the mill. Activitics arc 1.1) an empty truck waits in a farm
until a harvester is available then it collects sugarcane from the
harvester 1.2) the fully loaded truck transports from the farm to
the mill 1.3) the truck unloading sugarcane at the mill 1.4) the
empty truck transport back from mill to farm and restarts activity
1.1. On the other hand, activities in double-loop protocol are
split into 2 loops. The first loop is between farm and
transshipment area (farm loop). It consists of the following
activitics 2.1) a tractor with an empty trailer waits in a farm until
a harvester is available then it collects sugarcanc from the
harvester 2.2) the tractor tows the [ully loaded trailer from farm
to the transshipment area 2.3) at the transshipment area, the
tractor relcascs the trailer then waits until there is an available
cmpty trailer 2.4) the tractor tows the cmpty trailer back to the
farm and restart activity 2.1. The second loop is between the
transshipment area and the mill that consists of the following
activitics 2.5) at the transshipment arca, a tractor wait until a
fully loaded trailer arrives. 2.6) the tractor tows the loaded trailer
to the mill. 2.7) the trailer unloads sugarcane at the mill 2.8) the
tractor tows the empty trailer back to the transshipment area and
restarts activity 2.5. Tractors are assigned exclusively to each
loop while trailers are assigned exclusively to each farms.
Therefore, tractors of a particular farm loop can tow only trailers
from that farm while tractors of mill loop can tow trailers from
any farm.

! ! HIRVVVR VvV

VWY
! wwwwwwwwwwy ! ! wwwvwwwwwwwwy
b vy ! VWWWWWWWWWY

Fig. 1. Single-loop and double-loop protocols

Iig. 2. Comparison of single and double-loop protocols
for system 2.

All activities are converted into time unit which is minute.
All activities start at 1* minute and end at 1440™ minute. All
trucks and tractors with trailers are assumed to be at the farms
at the beginning of the day and ready to be loaded one by onc
with first-come-first-serve procedure. In double-loop protocol,
if number of trailers are more than tractors in farm loop. the
remaining trailers arc placed at the transshipment arca and be
rcady to towed back to farms.

The Identification number (ID) are used to distinguish
simulation with different set of parameters. It is written with
three numbers scparated by a dot. The first onc is a system
number (1 is system 1, 2 is system 2). The second one is
protocol (1 is single-loop, 2 is double-loop). The third number
is simulation number. For system 1, the simulation were run
with different number of trucks by fixing parameters for single-
loop protocol as shown by ID#1.1.10 to #1.1.15 in table 1. For
double-loop protocol, diffcrent locations of transshipment arca
are also varied as shown by ID#1.2.11 to #1.2.15 in table 2.
Time of releasing and towing trailers are assumed to be
negligible compared to other activities. The parameters were
assigned so that the rate of milling and harvesting sugarcanc
from all farms are fairly balance.

TABLE 1. Activity times (minute) of single-loop protocol for system |

ID Loading Farm to Mill Mill to Farm Unloading
1.1.10 90 72
1.1.14 30 110 88 30
1.1.15 152 122

TABLE 2. Activity times (minute) of double-loop protocol for system 1

D Ipad Farm to Tow to  Mill to Tow to LTn}oa
-ing Tow Mill Tow Farm -ding
1.2.11 30 60 24 48
1.2.12 45 45 36 36
1.2.13 30 60 30 24 24 30
1.2.14 67 42 34 34
1.2.15 67 85 68 68

P Q-2
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Simulations for system 2 with single-loop were run for
different combination of tractors and trailers together with
different loading and unloading times as shown in ID#2.1.10
and #2.1.20 of table 3. In double-loop different locations of
transshipment area are also varied from near mill {o near farms
as shown in ID#2.2.11 to #2.2.28 of tablc 4. For any typc of
vehicle, let

Pv = Price of brand new vehicle

Cm = Tax + Insurance + Maintcnance
L = uselul life of vehicle

D = number of working days per year
cd = daily wage for a driver

Ws = Weight of sugar transported to the mill
B¥ = Sugarcane price

Cs = Production cost of sugarcane

cf = Fuel cost

N = Number of vehicle used

T = total working time

Fixed cost per day (Fc) of vehicles are estimated from this
formula.

Pv

T +Cm

Fc =N D

+Cd

Variable cost (V¢) are estimated by fuel cost per unit time that
vehicle is working. Therefore, Vc = Fc-T. Finally, the
performance indicator which profit can be estimated by

TABLE 3. Activity times (minute) of single-loop protocol for system 2

Profit= (Ps — Cp)Ws — Fc — Vc.

I

In this section we shows the optimal number of vehicles,
revenue, cost and profit for each simulation ID. According (o
Office of the canc and sugar board of Thailand, pricc of sugar
and production cost per ton in 2016-2017 are approximately
$31.8 and $29.1 baht respectively. Cf is $0.03 per minute for
both truck and tractor. D is 100 days. Cd is $10. L is 10. Ws is
20. Pv,Cm for a {truck. tractor, trailer} are {$74.848, $69.697,
$3.758}, {81,661, $1.558. $184}. Therefore, Fc for a truck,
tractor and trailer are $76.5, $72.0, $3.3 respectively.

For system 1, travel time in single loop and double loop are
the same. The double-loop protocol requires comparable total
vehicles to single-loop counterpart to maximize net profit.
However, this is not always true. There are evidence that the
optimal number of vchicles in double-loop is different from
single-loop e.g. single-loop requires less number of vehicles
when parameters change as we can see in ID#1.1.10 (o #1.2.15
in table 5. The higher travel time requires higher number of
vehicles. This is also true with farm and mill loop in double loop
protocols. Number of trailers is the same as number of trucks.
Depending on parameters, the profit from onc protocol can be
slightly higher or lower than the other.

RESULT AND DISCUSSION

avdl RDG 60T1041

iy Loading Farm to Mill Mill to Farm Unloading
Farml Farm2 Farmi Farm2 Farmi Farm2 Farm1 Farm2
2.1.10 30 45 19
. " 98 78
2.1.20 55 45 23
TABLE 4. Activity times (minute) of double-loop protocol for system 2
D Loading Farml  Towto Farm2  Towto | Millto  Towte  Millto  Tow to Unloading
Farml Farm2 to Tow Mill to Tow Farmi Tow Farml Tow Farm2 Farml Farm2
2211 80 10 89 10 64 8 72 8
2212 60 30 72 30 48 24 58 24
2213 61 30 69 30 49 24 56 24
2214 64 30 68 30 51 24 55 24
30 45 19
2215 30 60 50 60 24 48 40 48
2216 33 60 42 60 27 48 34 48
2217 43 60 38 60 34 48 31 48
2218 16 81 29 81 13 65 23 65
2221 80 10 89 10 64 8 72 8
2222 60 30 72 30 48 24 58 24
2223 61 30 69 30 49 24 56 24
2224 64 30 68 30 51 24 55 24
55 45 23
2225 30 60 50 60 24 48 40 48
2226 33 60 42 60 27, 48 34 48
2227 43 60 38 60 34 48 31 48
2228 16 81 29 81 13 65 23 65
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For system 2, the presence of transshipment area adds extra
total traveling time of vehicles from 2 farms. The optimal
number of vehicles for double-loop is greater than or equal to
single-loop protocol as summarized in table 6. Interestingly, the
optimal number of vehicles for farms with lower loading time
has higher optimal number of vchicles. Results show that
relationship of combined optimal number of vehicles and
combined travelling time is not straightforward. ID#2.1.10 and

#2.2.18 have the same optimal total number of vehicles even
though total traveling times arc significantly different.
Meanwhile, ID#2.2.18 has similar total travel time but requires
two less vehicles than #2.2.17 to maximize profit. Unlike the
systeml, the optimal number of (railers are more than number
of tractors as can be scen in simulation ID #2.2.11. #2.2.15,
#2.2.16,#2.2.18, #2.2.22, #2.2.25, #2.2.26 and #2.2.27.

TABLE 5. Optimal number of vehicles, costs and profit in US dollar of single-loop and double-loop protocol for system 1

D pelaslaaoCetic Optimal no. of trailers | Fixed Cost Y 2riable Weight Profit Lo Lrofit
Farm Mill Cost Difference
1.1.10 i 536 206 25 1040 0.00
1211 4 4 8 602 216 27 1048 0.79
12.12 5 3 8 602 216 27 1048 0.79
1213 3 5 8 602 216 27 1048 0.79
1.1.14 9 689 257 26 893 0.00
1.2.14 5 4 9 678 253 26 892 -0.11
1.1.15 11 842 340 25 581 0.00
1:215 b 6 11 828 340 25 575 -0.96
TABLE 6. Optimal number of vehicles. costs and profit in US dollar of single-loop and double-loop protocol for system 2
D Optimal no. of vehicles Optimal no. of trailers F'Ex?d \'m:iaﬂble Weight Profit n{o .Pmﬁf
Farml Farm2 Mill Farml Farm2 Cost Cost Difference
2.1.10 7 5 4] 918 345 1628 0.00
2211 6 4 2 8 5 42 907 352 1678 3.04
2212 5 4 4 T 6 42 979 358 1593 =217
22,13 5 4 4 8 5 42 979 354 1603 -1.56
2214 5 4 4 8 5 41 907 349 1593 -2.15
2215 3 3 7 7 7 42 982 367 1573 -3.38
22.16 3 3 7 8 6 42 982 364 1583 =2.77
2217 4 3 7 8 6 42 1054 377 1487 -8.68
2218 2 2 8 8 5 38 907 351 1435 -11.89
2.1.20 5 6 32 842 269 1120 0.00
2221 4 5 2 S 6 32 828 270 1131 1.03
2222 3 + 4 S 7 32 832 275 1118 -0.17
2223 3 4 4 5 6 32 828 272 1128 0.70
2224 3 4 4 5 6 31 828 270 1101 -1.70
2225 2 3 6 ) Z 31 832 282 1063 -5.05
22.26 2 3 6 S5 7 31 832 275 1076 -3.93
2227 2 3 ) 5 6 29 756 264 1041 -7.00
2228 2 3 7 3 7y 32 904 296 1010 9.77
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[5] A. Higgins and I. Davies, "A simulation model for
capacity planning in," Computers and Electronics in
In this study, we compared 2 sugarcane transportation Agriculture, vol. 47, pp. 85-102, 2005.
protocols, single-loop which is a conventional direct [6] P. Vilailuck, K. Sethanan and K. Moonsri, "Simulation of
transportation and double-loop which mill and farm loops arc S' B S : e
7 : s i . ugar Canc Harvesting and Transportation," in
connected by transshipment area. Simulations were developed P i £ the 4(h TIAE I ional Conft
for two systems, 1 mill 1 farm and 1 mill 2 farms. By varying, Toceedings oL e 4t E Infemational. Conlerence’on
number of vehicles, trailers, traveling time, loading and Industrial Application Engineering, Japan, 2016.
unloading times. We found suitable number of vehicles as well
as the right location of transshipment area that maximize profit.
The double-loop protocol has potential to increase transportation
efficiency of the system. The optimal number of vehicles (trucks
or tractors) are negatively proportional {o loading time. In most
cases, higher total travelling time need more vehicles. However,
assigning too many vechicles is not worth the cost. Optimal
number of trailers are greater than or equal to number of tractors.

IV. CONCLUSION

There are many more factors to consider before choosing the
suitable logistic protocol for sugarcane transportation. In reality,
there are as many as thousands of farms harvesting in one day
so that possible queue length in the mill and transshipment area
could be significantly larger so the overflow of vchicles in the
mill is primarily concern. The benefit of transshipment arca is
not only for efficiency but as a buffer to limit number of vehicles
waiting in the mill. In case that the amount of sugarcane exceeds
the milling capacity or the milling machine accidentally crash,
the transshipment area acts as a buffer to prevent traffic
congestion in the mill parking area. The capacity of roads are
also limited, travel time should be relative to number of vehicles
on the road. The transshipment area is also utilized as the
collection zone. It is useful for small farms that do not have
enough cane for full truck load. Sugarcane is cut during the day
while the (ransportation occur both day and night. The
harvesting activity is also stopped when the weight reach daily
quota according agreement with the mill prior to the harvesting
scason. This contract helps preventing the daily supply to not the
considerably under or over the mill capacity. All these
conditions should be taken into account for future simulation
study.
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