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Tharin Chotivanich : RESOURCE SCHEDULING FOR INTEGRATED INBOUND
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The inbound logistics of the Thai sugar industry is involving with many
sugarcane growers but with limited harvesting resources operated in a
decentralized fashion. Growers then need to compete over the resources in some
periods causing subsequent problems, such as cane farm burning malpractices and
quality losses from excessive waiting times. To address these issues, the multi-
objective harvesting resource scheduling problem (MOHRSP) was herein developed
and solved by a variant of particle swarm optimization (PSO). Three local searches
were also embedded within the algorithmic framework to help enhance the
computation time. In order to assess the performance of the proposed heuristic,
the resulting PSO solutions were directly compared with those of the time-
restricted CPLEX on 30 randomly generated instances. We found that the proposed
algorithm performed quite well in both single-objective and multi-objective
settings. In particular, the PSO solution quality was equal or better than CPLEX
with comparatively less computational time in most cases. As the algorithm
typically generated thousands of non-dominated solutions, we then proposed a
selection scheme that selected a subset of solutions aligning with specific criteria
so that planners would be able to select ones that best suited the situation while

satisfying needs of related industrial players.

Field of Study:  Industrial Engineering Student's Signature .......ccoecevvieennen
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2.2 MIMAMNMNIENGARIINTIARIUNVRINGNBUNTA (Particle Swarm Optimization)

(Meyawn LATEFUUIA, 2558: 109-120)

(Kennedy and Eberhart, 1995) l¢tiiauaisnsmenvsnsfigasenisindouiives
nauaunadu lnedulsnsmdneuiidsusuunginssumusssuslunismemaidu
NATBSEIER 1u un Uan vidofla Geaundnusagsa (Individuals) asdinalnluninfeous uas
dumneulneedeneUszaunisaldusa (Coenitive learning) LLaBﬂﬁLLaﬂLUgEJUﬂ’NiJi
JenIeaundntungu (Social learning)

Tngmldudammouiifululdvesnszuiunismdneuuuy PSO 9zgnisenin
“pynnA” (Particle) Faurareyninazgmiinausludnuzyosnines vismindailuug
n @f (Dimension) uagilewmneyniaursmdilisetusziFenlsindu “ga” (Swarm)
TnenszurumsmAnouwuy PSO dgleynauduiitinanmsgusums vnnisidoud
vao “Ou” (Flown) lUnuiiufidunidneuiiiinaieiii (Hyperdimensional search space)
Fadleldt %,(0) LAAIDIALNUIVBBUANIA 4 TBUNITAIUIN (Iteration) 7i t funiaves
oynn i fegnielufiufidumidney wiauigirmou (Solution space) azgniuiulas
NATUIAKRATINAUNNADSAMISET T;(D) suaqalqsmﬂﬁ?u 9 Fandea1nin5e1aBany
Usraunisalvednu kasngAnssuveseun1nain¥nluusnalaiiuway duieeunin
Aoy 1 guimedmneuiivinanientuluseunisiuiniiuindy wu MndumisSusud
soumsFwIn 0 ayniafinsnszefegiiufidummney widosounssunfiaiy

aunAvzAdeuiigi i ludwhumisgavine TuseunsAnui N dwanddugdning 2.1

Iteration # 0O Iteration # N

UMM 2. TURUNINUTANTSNISAUNIF P VKUY PSO
(Jonathan Becker, 2013)
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2.2.1 FURUNIMIANBUIMLNENgAMETTN1TARUTIVEINGNaUNA

1518015085UaN03AUNTTUIUNITAUNIAMBULUY PSO agedrglanavun 7

' ]
2 a

Jupay fie NIATINBUNAASHAL N15REATIE NUTEIUAABY NMSUTUMLIINRTIgAves

a

wiazaun1A N1sUFURUNLIANaAve s N15USUANSIVEIOUNIA WaZNITUTUAILILY

I a v 1 dy
aunA nedswasidundwolull

2.2.1.1 MyaF1seynAELsy
3013 PSO azuannsduAAney nieduntaiuiuvesufazeynianisly
Yo uLAYDIUIYiA1moU (Solution space) tlalsiaruisaisuduriinisminataasldan
Funtaiiuansneiu Insudazeyninazuszneusenuandilunaneifiielfduiunuves
fudsindulafiunnsisiuluusiagdam LLazﬁwmamaqaymﬂmdwﬁwgﬂvﬁﬁﬁaﬁmLaﬂéaa
oy 2 wuu e
- mswnuAneureslynilaense (Directly) 1wy n1sldyadavluuns 1 ununis
donldan uag 0 wunsliden
- NI9SWALUUNI99 e (Indirectly) 1ty Ty n1n15iAUNI9aINTNIIUYIY
(Travelling Salesman Problem) figaanisansnamduniddudados 5 dles lng
doadunslulinsunnides uaziiszosiumesnduiian annsndenldisnanis
dualavsEwing 0 - 1 (Uniform random number) ifunsaziiiveseynia dsazld
uiazdfunudiowusaziies fuanslugunmil 2.2 deunstwanisdusiaaniiuan

QAT AIBIBNTIAAIRUAINEAUBINALRaY (Rank of value: ROV)

i 1 i 2 i 3 1At 4 A 5
aymAil n 0.765 0.998 0.993 0.316 0.568

sUnWi 2.2 madhsiaeuniIauuun ooy lagldn)sguuuy Uniform

(MgYaU LASHFIUN, 2558)
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2.2.1.2 M3neAsd
ynAsasseyMABNduTiingdstamenisunumnouvestigmlaenss 9y
ausannalaskazyszuAdneuldiay udlunsdimsiiisianuunigey Wi nsldTs
FadrfuanudiAyvesnalaasainguamd 2.2 n1snensiasyniasiisnsiadifu
Auddgynteglumannluduaiany avsesiiteyaveudasiinuniosdivlnneu Fe9s

aansamIAnaUNFenIsle Aaanslugunini 2.3

finii 4 fidii 5 §iAf 1 ifd 3 fifd 2
aqmaﬁ n 0.316 0.568 0.765 0.993 0.998

UM 2.3 msnensideunIaluguaiaas 35i3eeaiuaindeelunisin

(MY LTI, 2558)

2.2.1.3 mMsuUseiummau (Fitness Evaluation)

N30T UAMABUTILAMEIBN1TUNUAIFINBUVBIRARZBUNIATIHIUNITODATHALE?

(%
a a 1% Y

asludailandudvane iensuitlusuniseseunianis o aelununyusgiinisAumiy

U

Tieuaasedsls wu andymnsiunisesninauee Tuide 2.3.1.1 agl435n15Un
aduillesignihuniteduid (MSenensia) WAy dtitemLIMmTEeEn19TI Inglund 91n
sUn 7 2.3 agladdunisiiunisveantdnu fe e 4 > e 5 > e 1 > iiles

713 e 2

2.2.1.4 MsUSumuvisinianvesuiazaynia (Personal best: pbest)

ildluguaniAnddyueInTEUIuNIMIAIABULUY PSO Ao AILANLNTAILUANT
91 Insusazeyninazandwiumisitlidnaiaasiiige finueunsnuiaeun wdrdains
Usuwdsuadlenunawasiiininluseudwindaly wu fOq(t + 1)) < f (Xppest; ()
Tunsdlnnersdnan (Minimization) 3o f(x;(t + 1)) = f Geppest; (1)) Tunsdinipngaga
(Maximization) ayaaazvitnsiuafinfianlilasarunsadeunisandalvsiveseynia

Wuaunisless (2.1)

presti(t +1) = presti(t) (2.1)
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2.2.1.5 msUumumisiaigavess (Global best: gbest)

anAuantRniaidAyvaanssuiunsmAmeuluy PSO Ae n1suaniUfgudeya

a

sgninvanndnaislunguuser weldiludeyalunisusudumisesoynia lnedeya
waniUeuiu Ao duniareteyn1ailinaasnngalusaun1sAuIufEILLT F9a1u15e

Weuduaunisiang (2.2)

xgbest(t) = argmiinf(presti(t)) (2.2)

2.2.1.6 M3UTumsweteyna (Velocity)

n1sAumAnauIziiadulalnenisusulasudiunisinidvesaynialuyn o sau
o a s < [ (3 o o o a 1Y 1o 1
A nglinnweianusilussalseneudrdgldlunisuen iemakazusuasumnis

vosounAtuseuAaiall Fenansauantlanaunisi (2.3) i

1?i(t + 1) = ﬁi(t) + Cp (fpbesti H J?L(t)) + CgT (fgbesti - J?L(t)) (2.3)
Innertia Cognitive Learning Social Learning

LD Cp,Cg = ANMINAIIULIAVD pbest ey gbest

T, 1

NRBSTLAINNITENALVIENING 0 - 1 (Uniform) luwsaziifivessynia

Tngannaunstrsiuaziiulainladendmanonnnesanuituiied 3 Jads fe

- eudseiianinisidouilutiguveseunia azdaalioyniania 9 wwdeud
wsoUTuimunusdeluluiianufvegisdeaiiios nnliidnsnaandadedudiun
= Y
\Neves

- nsSeuiaInUszaunisel (Cognitive Learning) ARANNNAANTENINEUMLL pbest
Yasaunanila q fudurisluseunisiuindagiu

- mswanwWdsuteyalungu (Social Learning) {inaNNAM195ENINGAUAUT gbest

Yo fumuniaveseunAtuseunsAwIntagiy

[
Y

MUMIAWIAMNMDIANEITeWAATBUNIAANITARARARIFUN NI 2.4
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Xi(t) '

FUAINT 2.4 NI5WUINADIAIINSIVOIUAFZ DN A

2.2.1.7 MsUFudumidaaunia (Position)

dislannmesmusivessazayniakdl PSO a3vin1susumunisuasayniaiie
THlusauniseunudaldlasaaunis (2.4)

Xi(t+1)=%00)+v,(t+1) (2.49)

lngdunaui 2 - 7 3zgniinllaundiagasusounIsAIINNNIvuA “30auUNINaY
Tammnoulutoulunaneanis TneaunsawEAWEUAINTUNBUNITUIAHBUKUU PSO 8819918

lossgunmi 2.5
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NNIAFNAUMAGFUFAY / Nadingia

{Generate initial ﬁrﬁclesl Encoding)

WIARaUKaLRAY / AMSaoaTia
(Decoding)

A 4

h 4
msUsziiudnou
(Evaluation)

y

UFuRumisiAfigaeataynIA pbest

v

s umiaATgannE gbest

weulanisven Tal HALRAHTATIAN

(Best Solution)

AUMNATREL

Usumnuihuasoumea

(Velocity)

\ 4
Usushurilsoasayna
(Position)

U 2.5 TumounITNIAINUA 8 I5NITNIA AN ILUTIGARIENTTIARDUTYINGUOUNIA

]
=

2.2.2 94AUENRUNEAYUINITMIANIMLENZAMIETENTATOUNTDINGLOUN A

NTUABUNIITMIAIMBULUU PSO Tuiide 2.2.1 i5a1unsassyssnusenaudfg
dararioUszansnmlunsaunmaineauves PSO 1o 4 Usenis A TuiueunIASuAY A1
ANLS LATEYIEANIRNLEsYREN TN UL ALY waznTInaussauglunTAum

o a 1 L3 = = U 1 dy
Amau lesdusazaerusznauiisneazidennssalud

2.2.2.1 SrunusynABud (Population size)

.
a a v =

Surueynasuiuluimulsdfydmaneuszdnsnimnisdum eswindiuiu

a 3 o 9 ¥ I a Y ° YU a a 1% ° ! Y
aun1ANNINTuai i sllonadumiAneulanusglinisAuni wazirlugnisauny
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J a a 1 . V1 ! Aa o 4 !
AIRNDUNMLZEUNZALUUIINT13 (Global solution) ladendinesnfidnuiueynintios ue

9 Y

£%
= 1

FUIWBYNIATNINTUITA AT ULIAINTIUUTEIIANANUIUTUMIBII U AIUNITNAREY

'
a

deRansanmdnnueymafimngadlundasdyvidadudeidniu dsdagduunudias
Aliunislagn1smiauduiusseninednaay (Fitness value) AUIIUIUTOUVBINT
funa (iteration) wddunadnuaiznginssunisgitrvesdineu TnsduiueyniaEusui
wuvansvdeslidesiiuliuiiedesiunisgdiivesainouiiianiuly (Premature

convergence)

2.2.2.2 ﬁﬁmﬁm’lmiﬁ (Acceleration constants)

NiTe 2.2.1.6 lunsuiuanusivedsyna AR ¢, ke ¢p gninanld

a

lunmsivueszegnisgeaafioyniawiagiziiuuiliunisiadeunludaianiinunies

9

= ! - A =1 < = b P =
pbest uay gbest FavnAtAIiAITLiingWusyn1afazduulliunisindounain
swnustdaguuludssunieiidnlng pbest se gbest 1nTu A1AINAIINLTITT A

IngassiuauausalunisAumvetaynia lage1and1idie 9 1631 win ¢, wae ¢ A1

o 4 ﬂl dl U a | b4 ¥ d’( a1 L4 dy -dl
WnvileunIeaNnsandoun lugaianIeeng 9 landeliu min ¢, wae ¢, detdaeiiug

¥ v '
LY =

Tunsfumiazuavas lnensimuaaiasfinnuseiuegiuanudesnisdumueside
4111308Nf10819ANNFUNUTTENI AN UNNITAUM LazAIAINANLITdlimuwmisdagiu
va30un1AT { 10U x; = (0,007 U2 Xppest; = (21)7, Xgpese, = (1,3)7 Moragunmit 2.6

Taegunmil 2.6 (A) ¢, = ¢, = 1.0 Tuvauzdfigunmi 2.6 (B) i ¢, = ¢, = 2.0

(A) (B)
9 . . . 9 . . .
7 7
5 5

FUAMT 2.6 APINATUETENINAIRITIAIIUTITUTNUTNITAUNIYO0UNIA
(Parsopoulos and Vrahatis, 2010)
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2.2.2.3 \A3p9n8anulonlusesdndntuusinalndidssiu (Neighborhood
topology)
AINUNRLEINTEUIUNTMIAMBULUY PSO aun1paziimsianasudeyaiuniely

'
o a

W lavdl gbest [unaasiffigaiivimiiidenlosoynayniadndmedu sgidlsfinnm
Kennedy and Mendes (2002) l§uniauafinisadradauds Local best (Ibest) Tuaniite
Foulvsteyaszninoynianisluszianiiuiinisdunlndidostu Sanumainwane
(Diversity) Guaﬂﬂiqa%ﬁqwqamsmmqé’mﬂugﬂLLUUGi'm 9 (Multiple social structures) ag
Prelilonalunsiauviodumarmneuifiuainiu Tnsindetnenrndenlssosaudn
Tuvdnalndidsadiuidenld Wu nsidenleseyniavds q duaundndduvinalnidss
$1urn k eyna Mazfimsdenlosludnwauryenawmiu (k = 2) wisludnuvaruigiuuy

von Neumann (k = 4) n15i3aulgsunialusduuun1inszany wazn1siyesleseunialy

suLuuAToUeAulyd

2.2.2.4 Msinaussauzlun1sAumIAm U (Performance measurement)

NSAAMUNGANTTUVDBUUUNETR (Dynamic behavior) luusagsauveinIsAILIN

[y

)~ = Y] v ° A& aAa | U oA
TavinsinaussauglunisAumainauaas PSO MLUuwuamaq 2 AU AB
- auflun1sunsnszane (Dispersion index) USUBNTNNAITNTZAEAIVDIA AU

BUNINTBU 9 ANALRALTNRTNGAVRL (gbest) Bearduiillazuanitanisasounqy

YBIBYNIATBUNUNNITAUMAMBY IngazAuialanisaunisi (2.5)

L H |z 2
gAY Zj=1|xij_xgbest- i

5= “ (2.5)
LxXH
Wa Xy = suvadagiuveseynia
- _ o 1 ‘N'd‘:l' N
Xgbest;; = FunIvBINALRRE NN NEAYD IR
L = MUIUBYNATIUA
H = YulAveIlgym

IS

NAUNITTIAU 110 § TAINALUARAITINIIATOUARUTBIRUNIATBUNUNAMBULA

= 1 ) v 1 dd‘ o A v
fini1 Wsendenitlunsalil & deAntes
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- dwilauida (Velocity index) Usuanfsszoznising videiAsumumsvesaynia
Tneiledsdernangunmd 2.4 mnadrianuidiliunnazuansisanuaunsg
Tunsdumlunenig usenaazinunatmasivmizanls luniandufumneided
msildndesazuansiteyniaviinisfumlunaay Fagilonmanunailaasi
wanzansnniusfagldnadumunniunulude Tasausadmadeianus

T9a1naunns (2.6)

Zf=12§1=1|r’ij|

w= LxH 2.6)
Wl vy = ausitglureseunie
L = IUIUBYNATIINLA
H = YuralAvalgn

2.2.3 nalnnsuiulidmeuiienaunianAnvinzauigaluseduiosdiu

NITUIUNITMAINBUME PSO wilazdigaruniaudiedon1sidla nsldnswensly

a ! A

N13AWIUNNAT wazauausalilssendldiudymifivainvate uanduliyndeu Ae

q

¢ A o aa i ‘:4' & v A a PN ::1'
Vmﬂiﬂmﬂﬂquuﬁlquauw@ﬂ@qLLWa%@HﬂqﬂWQQ ﬂllLLu’)Iu&W]f\]gllﬂ'] NaLQaEJVILWN']%ﬂlWlE‘:I@

]
a

wnzAidudvuainauluiie dwaliisniswiaiimunzfignsionisiadoufiveingy
BUNALUUNINTZIU (Standard Particle Swarm Optimization) dlenanuiaeivguassaly

1% o Aaa v a [ a < 3 a
NsAUMAREUNATAnlag T SullawnunNn1sUsuaguaMSIINmes e YNIAT

¥ o

Fufulvanggdsseunisawnlulaeaiusslenl wianisgulimaneuiisuiuluves

] ] '
= = =

nauaun1A (Premature Convergence) NIYaisNgauian@aniz vis 9 vuyusQin1sAUN

9 9

%

wdllausanauniioonuianiiufiduld wsegrelsiniy Tewiddeuinuenlaninig
YFulsadsgansnmlumsAumAneures PSO Ly
- mMsdFuAleesAtuAl WU A1AINAEA (¢p, ¢ ) ANasininALLaeY
- MIUSUUTENMIATIANADTAIINS?
- nsulslszrnseynineanidunguges (Sub-swarms)
A A Y o A A v A | 4
- N55ATRER PSO WAULATEIHBNTAUNNDU WU GA 1138 SA

- MyUssendld Wedaedn (Fuzzy Logic) Wiy PSO
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[ %
v Va v a a

Mt iTeinerdinusaduiiavendieganuifenliausisn1susuussineuds
Wi danuhauls wazaiunsadiuuszgnaldnszuiun1senntuuiuuIasInig

aalaransiiownlvlgmiluundaluly Ineliswazidaansialuil

2.2.3.1 An Improved Particle Swarm Optimization Algorithm with Repair
Procedure

(Bozena, 2017) IflausuinAnvesnsdnidonoyniadiuiu p symadslinaussiiiy
Amou (Fitness Value) weiignluusiazseunisiuin ethuiduiaminnmesnmuis,
Tndannnmesanusitagiu waznnwesausiluseuniseuunaunii laedisnis
AMuiufaaunsi (2.7) uaz (2.8)

SN vi(t)
v (t) = TNy (2.7)

=2y _ DiE=D)-vi(t)
v =50

[ 7
Y

MelimnrinsnaaesmuAnmesAE IniLdInuT e seyn1Atul3)l
msfunndlndiuniwes gbest 1 N8BT LINWasANSIRAzRULTlndvasaynIA

auaaldiazgnifulildluseunisruindaly Tuvasioynindu o Aldgniden wie

[
a

Aunsratayninannmesauslnllifvy azgniunmuiamduriiazianmes

ANULTINNTURBUYDY PSO Unf nauaziioyn1AanunusuiuudIf915aImn phest
1 ) i = aw Yy v v DR )

uwaz gbest ndaudunaunall Fawadnanuideludiwulauansdiiiuisdneninlunis

UFulgamatnanred PSO lnadansligeanislanineinsnisiuiuintes wagainuaiuisaly

'
aa

nsusulduwrAniulanddgymnififveseynindiuiuuin wasgslsinu S1urueyniad

=

dogiiuluvasiuudiaesenavilvninuuand9senitamamasiuinian wastosNand

9

329n14le
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2.2.3.2 An Improved Particle Swarm Optimization Algorithm Based on Two
Sub-swarms
msuaniUdsuteyatuseninseynianislugs wasaruaunsalunsanduugaiay
YOINITNIAIMBURIE PSO uidnSnavese ghest demanonisuasunlaiannasainuiy
yesynIA ylvianuvaInangveseynaanaduasiitlonialunslinalaaefivinyayiian
anedl agnalsfin lusuifeatuil Yu et al. (2012) IddnauonisutsUssansaiglugs
ponilu 2 nguidvurainiu Tnsngumileagliitnsuunninedanui wagduntaves

aun1AmIY PSO wuuunf Tuvasfdnngunisazldaunisn (2.9) Tunisusunnwesaanusa

Vig(t +1) = wvie(t) + cpry (fpbesti - fi(t)) (2.9)

'
% =

nAIsSsuisuannsi (2.3) Auaun1sa (2.9) inazdanadiulain natves
a 1 . _ A a a 1 o 4 [
auni1siludiuves social learning #38dnswaainai ghest azuneld vinlin1sUsu

s 2 ° ' oA 20 v '3 = 1Y ~
LINLAIBDIAMITULIT LLﬁggnLL‘WLNGUEN@HﬂWQIUﬂQNWﬂ@QUISUU383Uﬂ’]imﬂ’]iﬁﬁlugm?&muwﬂLWEN

1%
=]

I a = 1 o ' '3 < 1 o N LY
BYNULAYT YIATRTLLAUN LLﬁ%L'JﬂLG]E]iﬂ’J'WiJLTJ‘U@QE]“Iéﬂ’]ﬂIU 2 ﬂEle‘LJ’*i]%QﬂU’]lI’]LLaﬂL‘UaEIUﬂUIU

YNIEUNIIAIUIN IngauniAlunguusnilinaasugign asgnuanivaynialunguiaesd

q ] q

likaRagANgn MNNaNITNAaamUI1 Medsnsiivilieunalunguiviedsaunsonsniy

wannvangbilalusedunis dwalgnsinisgiinmeasaas iinzauigaanizn anas

¥
= K'Y

= v ° Aaa va a o X Y A ‘:1' A v
ijllﬂflﬂu‘w]ﬂ'W]E]‘U‘V]ﬂ‘V]?!@I@ﬂﬁqﬂlﬂﬂﬂqﬂﬂﬂsﬂu LANIUNTUTUAT w Mi@ﬂqﬂﬂmﬂﬁqﬂilﬂaﬂiﬁ

'
o v A o

° 2 & Y] v Aa
mmzammmaumm’lmmmﬂuﬂfﬂ%mﬂmwﬂﬁlmmmaLaaa‘mm

o

2.3 MImAmMINzaNNgawuunaIeIngUszasd (Multi-objective Optimization)

Al r-:l' (Y 3 = A Ql' v
ﬂ’ﬁ‘lﬁ’]ﬂ?i/ll,ﬂll’]%ﬁﬂi/l?j@LL‘U‘U‘VT@W‘EJ’JG]Q‘Ui%ﬁQﬂ ‘ViﬁEJﬂ"li‘lﬂ’]ﬂ’]‘l/lLﬂﬁﬂJ’]%ﬂM‘VlE‘:IGWIG]ENﬂ’ﬁ

Y

navauesilanduingussasdunnimilainguszasdlundon o fu Feinguszasdmanilsing

'
=

AnRdaLdaiuluud ilringussasanile 9 Naulaldansalviafmneunangalunioy

e A

Muld Tnenguussdneuiivianzauiian Aliaanaandulladmsunninguszasdluna

q

a v o a ' ° ~ P a . .
WU ISENTT Aneuvangauiigaidanisls (Pareto-optimal solution)
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2.3.1 vidnmImAvsngauigauuuate Ingussas

Amauilmunzauiign sadumesuiilufidaeulalirnfdnitluingUszasinis q

'
a (Y a ! v/ <

(Lignaseud) vugdsgiAmeu Inannisan wu lunsaiidesnismaitesfigavesy

Y 9 9

[ [

Taguszasd (Minimization) Tutgymanuau k Inguszasd isranunsaeuesuielinsaunis

q

1 (2.10)
Minimize f(x) = {f1(x), f2(x),..., fr(x)} (2.10)

4 ]

e x = R iAMoUYeIlyniAtos Nan NI {Xg, X, ..., Xy}

q

FatuuveIiUsindulawintu n
fi(x) =WeituingUszaedn i = {1,2,..., k}

lnefidmungfenismaineu x* fanunsainlviaingussasd f;(x) Iresnanly

' '
U = = 1

W¥oY 9 AU FIN15NILITYIIAMBU x nTa 9 A1ANan v3e deeNiganiuaunisi (2.10)

[

dusunningusrasalatiu aReeinIsnTIadeuneuINmney x anaseudilagmney y ln

q q U
&

= | A 1 o = % =i
7 vivoll FalReulvlunislignaseuitlunsaimantesnan fe

!
fi(x) < fi(y) dmsunnaninguszasa i€{12,....k}
fi(0) < fi(y) edutlegwilseninguszasd i€ {1,2,...,k}
i1aziFennauvesdney x* Mlignaseuiilasdmeudu q wazidudmeudifiadivi
7 fu egflungudtmeudiaiian (Pareto Optimal) waziSenieniisinandnvesdmeulungy

Tl3eiuin lwanquaineundfign (Pareto Optimal Set) Jaganenadazindusianivug

]
| =

NUNVBULUATDINGUAMBUNANEA Y50 VBULUATIMUILANTEATINLIL (Pareto Optimal

¥ '
= Y a 1 o

Frontier) 198w UAtaz@1uns005un8 lan e WU EULlAINaINNIUIAYDIAIN DU NN EL

gagannstauuyIgiingUseasd FeuniauuidulnimunstunAnouiivae Auans

q

Tugunwit 2.7
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Minimize f5(x)
. Non-dominated Solution

A 8
E) (O Dominated Solution
*
N
't; ~ 9
I s N AN
.\ L N_ 6 | O"“# 3 Front
ST Lk
N ~0
________________ ‘ 2 b ~—a 2™ Front
LN b
-
. ~ :
'.a..._“ Pareto-optimal Front
i L T4 (I* Fronp)
| P Bl
. -

Minimize f;(x)

FUNNT 2.7 wunmsansrmauiimnzauiigaigansiauvy 2 Snguszaeh
(Goldberg, 1989)
sUn i 2.7 uanagamesfneuuuli i ingusvasduesliymanmnzaniigauuy 2
Snquszasd lneisavifiuindmeui 1 - 4 lusuidudmeuiilifinisdudefunasiu uazlign
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(Auxiliary Variables) fivibinsAuiaaveaileanduingussasnasninuingsau

y
Ptj = O¢j + Yrer Zie] Xr,(i,j) h_; + T — M(l - Zie] yt,(i,j))

VEET,Vj€]J (25)
ptj — Ptri = mu; — M(3 - a(i,j) - ytlj - yti) ;Vt, t, ET:t+ t’,Vi,j E] (26)
pthp;VtET,VjE] (27)
Yrer Wejr = (Ptj - Utj) ;VEeT,Vje] (28)
ZtET Btjr = ZtET Wejr — ZTER ZaeA xr,(i,j).uj(h'753 + T(j,(D))

;Vi,j EJ,Vr €R (29)

4.2.4.6 orinveswudsindula
aun1s¥ednring (30) - (40) Tudwugavinell viwmhigieimunlvmudsdndulann

fAe9AINNINNI UIBNAU 0 (Non-zero Constraints)

Xrq €1{0,1};Vr ER,Va € A (30)
Yia €{0,1};Vt€T,Va € A (31)
a, €{0,1};Va € A (32)
6,;=0;VreRVj€E] (33)
o, =20;VteT,Vje] (34)
pej=0;VteT,Vj€E] (35)
wr 20;VtET,VjEJVr €R (36)
Bejr = 0;VtET,Vj €EJ,Vr €R (37)
ki >0;Vj€]vreR (38)
k=0;vj€]VteT (39)
kf>0;vj€] (40)

4.3 MsnvuaannfgIudniuniseanuuudtaand
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4.4 nswaungasanndauiulyninisdanisamineans
4.4.1 NIMNUANITIELABSVB PSO

[ =

f Feuszansnanlunis

' [ (%
(% = S a

\We9a1nsrsafndNwau1duill PSO Wudiudsenauian
AUMIAMaULA8ILVDY PSO 2:tTUNaN1INNSAMUAAINITIm eSS uAUNILNzaY 1331

sziluludiuvesanuazidenlunisdum arusiadilunisgdinidiney niemay

(% '
tY 1 =

NAINNANEUDIAINDU AIlY NauNzidIgnIsesuredunauniIsvinauvesdisadndlay
AN N19EIT8IENAMTINIINIMUABIAUSENOUNA AR Vee PSO Liten1sldauly

NSPUIUNTANG 9 voslinanauduaiuunsn

4.4.1.1 MITmaIAIUAY

[

131099 5AIUANNAIAYYDY PSO Aa ARUINEN w NIAMUABNENAIINTUIA
ANISIluMSARoUTANTERUAIA UaEAIAINIAINS ¢, UAE ¢; F9TnTTIATUANLUILEY
nmsipdeunludsianiafatuiiunuiues pbest uag ghest lngaunvoIAIASAAILLIIE
JudadeimunmnuninvesnmsfiummaeuressyniavudigiinisAuniluseunisiuim

= =t ° i - VoA ° o = o vy & v
nila 9 Fansimuemaiasimratdmsulgmiiamnzinizaaiuladnduau
[RERERNER

9819l5A7 Kennedy and Mendes (2002) l9AnAuduUsyansn1suafaueInIsAum)

'
Y =l

(Constriction Coefficient) #9%238TUN1SLEDNAINAUIZAUVYDINITITLADSN 3 FLN
SuuseiunisguimAmeuves PSO lnganunsaleulviedlusuvesilandu c, way ¢, lana

d41NNSN 4.5
2

X = oo (4.5)

o  @=cp+cg>4

A v oa a a ) =

H199198931nauN159 4.5 1513ga1usalguaNn1TUSUU AL IvBIRYNIA N
aunisf 2.3 Tuidle sananaluaunisy 4.6

ﬁi(t + 1) = X ?igi) + Cprl (fpbesti - 55‘1(0) + Cgrz (fgbesti - J_C‘i (t)) (46)

Innertia

Cognitive Learning Social Learning



96

MNMNineRu Eberhart and Shi (2000) livuasves ¢ iWueiasienlif ¢ =
4.1 waglfiiauarasiinnuiss c, Was ¢, Mnzauiudves ¢ 1l ¢, = ¢, = 2.05
Faandndananiites szvlildAnduUsyansnisundaluaunsd 4.5 7 y = 0.729 uazidle
thAdsnanuunuataduannisi 4.6 iagamnsananlagasuléin aunisuiuuss

ANISIeseuNIAlaeTilUTes PSO drmanfiiesniuny Ao w = 0.729 uag ¢, = ¢, =

1.49455 Fan9d3duioanliidaniiAivemisdwesauauasnanunltdlunszuiunis

ONWUU LazNAUIBISaRndnIeLtuiy

4.3.1.2 W5 Awasnll
ANSYINUYBY PSO ﬁ]zhja’lﬁlauujﬁﬁﬁmﬂmmﬂ/ﬂ’mﬁma%ﬁuﬁﬁmﬁﬂﬁﬁﬁuﬁwﬁu

NSEUIUNITYINUTBILULAALAESIY 185180V INIS1Tmas9 b warn1saead@1nsulvau

[

Tud3adndian159nANS19NSNENTNoDNWUUNTS1waLLDeARIT
- WAvelszYIng WIsdIwIueuA = 15 ayna

- IuseUNsAINGEn = 1,000 seu

- Aenge wavaeanvasnwrtemnaululsazia = [0,1]

9 Y 9

- AnuSiEeaveINmesANgy = 10% vesiumisinauluusiaslin vie +£0.1

4.4.2 ﬂ'ﬁ@@ﬂLLUUﬂ’ﬁL%’]iﬁﬁsUaﬂaiéﬂ’m

a

35n15 PSO 3uAuaINNITduAIILntaasusazaynianeluvauunesl3gl

Y

AmaUfoulane fanesuleliluiiden 2.2.1 Fwiluuaiudazeyninasusenauluaie

(Y]

AuautRvesiumialunaielid (Dimension) fgnidnsialy Ingdruiudanildinagiviniu
Funwresulsdndulanelulym egrelsia nefideldesnuuuiBnmsdisiaveseunia

Tnanisimualisnuuiifivessynialinwiiiu 4N e N dedununlasiuinedesnisly

nseuLIaNufaula waglivrennunievesineululrasi@awn

[y

fiu [0,1] nelausad

o

ARBUNBUNTNBATHEA (MTBANAAR karaaaniinvum) Balnannisiisiamnauluus

[

avilAvesaUNIARIl

=

- GRN y® vesumadle 1 < y° < N dMnuanasuiufgIsesvesUasmzlgn
1<j<N;jej()
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- 1A%y veseuniAdie N <y < 2N AMvuaia1n1sindideeilsanuiiniaves
o . o
wlaawizlgnn 1 < j < N;j € J (i)
-GNy geseynIadie 2N < y" < 3N MuuanineInsnMsiufeIdesreuwla
o . o
Wwigdgnn 1 < j < N;j€J(D)
- IRN y* veseunadle 3N <yt < 4N AmuanineInsnIsuieIdesreILla
o . o
Wwigdgnn 1 < j < N;j€J(D)
dusunsiisiadiesulufiffineud 1 <y < 2N winsRasalaedndunseu
VAINTILNULAUNEIN 26 Tl (W50 24 + 2 Falaa Tae 2 Falasasvineazilunismanian
o v v W a a I [y < a 1 = d' [
nsvieuludsiudaly oUMUNNII19 LRI NeINTA1TIAUNEITENINLARBUNLIUSS
< d' 1 v [y & =] 1 v 1 1 1%
wUaanuiferlugiesduuesiu) ¥se 1,560 W19l AENUIT MINABINITUUITITULAINNAINBS
U3IAMaUNMUUAfIeniieIanewny 1 Wil aganansovitlasnieyaenineuuin 0.00064
YoIILRUIAINBY Laglilauitianenaiunisesatnunenuaintesluniuinaginlmis
Y I < a [ 1Y S o 2 Aaa o A o
ansanensialunatvesnisinuingl wazdndsdesnasnvieiuls TuvueNifAnaudun
2N <y < 3N %30 3N <y < 4N 9zgnuundugnndanuniduiviiviuvemineins
nsiuie) wazsaussyniidianglunseunaniunuiiauls
agalsinny Wenud1lanfB Yy §I9u9zendieg1avesennin warisn1sdnsia
Fauszneulumeudasmedgndssdiuiu 2 wlas nimensnisinuiiedns 3 via vlinay 1

U UagningInIsauTIYNIIWIL 3 A IAEUARINISIVUATINISIINTREAIANT19T 4-2 Lay

LARIADEIINISIUNTHA AR AT 4-3

MI599] 4-2 9715 INUAAIF 089N ISIIUAYINYBINISITITADUN 1A

#de 31U (Capacity) LS F ISR
NIOULIATI KU 1,560 W17 1/1,560 = 0.00064
50AnDBY = 1 AU (144Ua3) (14/14+2+3) = [0, 0.7368]
NSMEINSASAULAED Jufnosyan = 1 9y (2ulag) (16/14+2+3) = (0.7368, 0.8421]

LY

fusnoeylnlyel = 1 9iu Buvas) | (19/14+2+3) = (0.8421, 1]

NINYINTIOUIINN 3 Ay 1/3 = 0.3333
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M15997] 4-3 91T IUARNHI0ENNITYIITIG Uaz0oATAYEIOUNIA
1<y°<N N<yf<2N 2N<y"<3N 3N<y'<4N

Start Time Deliver Time Resources Trucks
N=1 0.0448 0.128 0.5231 0.1234
N =2 0.1536 0.4608 0.8077 0.5567
1 1 ! l |
N=1 70 Uil 200 w1 J0fndRY SOUTIYNAUN 1
N =2 240 Wil 720 Wil Vusndayan SOUTTYNAUT 2

AT 4-2 151aziulainluimidenisidnsanile g 151avtsuau wiesnsing
augegalunsdvewmineinsnisiiuiies wudatlieglugag [0, 1] Fan1sifinswensd
&( =) d' é{ ] Y 1 £ % LY f:f! gj
1INYU UTDNTOULIAINITINLAUNENITY FzdmaligIvsnIsitnsianis o dunavasly
e danlunnsnad 4-3 luansliiiuudaunizgndsgnidrsialaswiseandu 4 35 lne

PINLTIIINITaenTaz el wlasee N=1 Sun1siutieddesluuififn 70 vansauLlan

'
v a

N13MNUAIETDFNDRY Lazdndsdaalrnulssnuuinaluuiiin 200 MesausInnAud
| vy A a 2 ol v o Y A v v
duuUasdeen N=2 Sumsiiuifgidesluuniiil 240 Y8INTaUIAINITINUNUMETINARdDY

an uazdndedesliiulssnuihmaluwndi 720 fesaussnnaui 2 usu

4.4.3 Foyaundrvesdeym

PnN1senuUUIsMsiammmsnensiagldiuvuadinmanidina1alsluded
4.2 uaznsrvuailafeiidsmaseszuuladafnduidivesgramnssuinnaluided 4.3
srannsaulsszinnvesteyananldiiiu 2 Usuan Ao doyaiisiidinsiinaaniaggnis
W i Sasmshoueminensiuie viemaiudedes uazteyaioziasuutas
lumunseuaainisnruluiiag iy viedeyaind luwdasnsouIaINITIUHY BUY
ﬂizﬂauﬁws‘f’nmmﬁﬁgﬂ%qLLUaQwazﬂqﬂﬁaaiuizuwu 2 {If sgggneserinaulaumsgn
Tayalszununsnandnlunitgfudes Yeyalseuunisaunindesluming C.CS way

ToyainunInsiinvednlatnizgndes laediegnvestoyatndnluteiuaunsowandle

AIP15199 4-4 LAy 4-5



99

MI5799] 4-4 975 IUANIF 208197 aNTITUF INYIUTIN Iz Ugneee

X Y Yield | No. of
Node C.CS
Coordinate | Coordinate (Ton) | Growers

Fac 0 0 - - -
Fieldl -24 48 12 | 214.57 1
Field2 -23 a4 11 89.15 2
Field3 -31 a4 13 94.72 3
Fieldd4 -41 11 11 47.36 4
Field5 -50 -44 15 25 5

WIS 4-5 MITNUAANSIDE NTYANTITv e NTENINUYAUNIgUgnTumbaedlaiuss

Node Fac Field1 Field2 Field3 Field4 Field5
Fac - 53.67 49.65 53.82 42.45 66.60
Field1 53.67 - 4.12 8.06 61.40 95.60
Field2 49.65 4.12 - 8.00 57.87 92.05
Field3 53.82 8.06 8.00 - 55.90 90.03
Field4 42.45 61.40 57.87 55.90 - 34.21
Field5 66.60 95.60 92.05 90.03 34.21 -

1%
Y

el Feyaridnlumsned 4-4 waz 4-5 rdududeyaniluveanlaumzugndes
Tuiuiilaesoulsanuimaniazgndrsin wazdaiulilugiudeyaveslssnulundazggnia
nan 0819150 nsTisazihdeyadinanluldlunsdanisimsnensiaegediussdnsnm

lptudnduagseamunszuiunisinmseudeyaniuided 4.4.4 Feneu

4.4.4 nrUIUMIIAMIEUTRYa (Data Preprocessing)

v o v

nszvIuMITawienteya Ae nstndeyatdiuuUasrliazainsenisauimm

Y

padns wazidulumuuuimandletymasndvualiluiden 4.1.2 Tneisianunsasiiun

o = 14 Y @ 5 A
miﬁ]mmamaqﬂalmﬂu 3 YUADU AB
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4.4.4.1 miﬁmmzazL’;mLauﬂmaLa?{msijLLUmLW’wU@Jﬂé’aa
Mnes9dl 4-5 Fadudeyaszormeseninaudazuvaumzugnlumiiodlamng 151
gt uedsvessausmndesiifidos usmnegifiudusa neuszana 60 Alawn/
Halus ldlunsfunamnszognaniunsssninadumhedalug lnsaglsnaduansy

AN5197 4-6

MI599] 4-6 AT NUAANTLEZIININITIAUNITENINUUaNIzUgnlume T lu

Node Fac Fieldl Field2 Field3 Field4 Field5
Fac - 0.895 0.828 0.897 0.708 1.11
Fieldl 0.895 = 0.069 0.134 1.023 1.593
Field2 0.828 0.069 - 0.133 0.965 1.534
Field3 0.897 0.134 0.133 - 0.932 1.501
Field4 0.708 1.023 0.965 0.932 - 0.570

Field5 1.11 1.59 1.534 1.501 0.570 -

4.4.4.2 nsuvswlaaiuneageslagldiminussynidunas

P ¥ o a 5 [y I3 a PR
9910 T UANINLINABUNISYIIIUATIUY NSNYINTNITAULNYINLEDN LT LU UAY
LW'}%‘UQﬂﬁﬁmmmimyjm%ﬂajﬁmmﬁﬁL“f]uéfmLﬁmﬁmﬁmﬁ’uﬁmm yanINUUSU1UD DY
Twﬁﬁaumiﬁﬂdqé’agﬂﬁﬁmé’aaé’mwﬂﬁmmﬂqaqmmmmsnﬂé’aaﬂ 25 ¢ 1oAY
ALAINIUNITANMUANITINITINNUY BASTAATITNUNAULAIVDINTNEINTNT ALY NRITET
ﬁmLLUQLLUaﬂwaUQﬂé’aaLﬁuaamﬁmmaqﬁﬁmumLﬁﬂaa lngldgns1ussnndosgegaves
] & = a v o v A Y ] | Y
sausInnuinnue Fzauisaleunissteyadndni 4-4 vawsiunisdawuddalnses

A9 4-7
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#1399 4-7 M5 NuaRNTayakUaun g gl minvessousynidunal

X Y Yield | No. of
Node C.CS
Coordinate | Coordinate (Ton) | Growers

Fac 0 0 - - _
Plot1 -24 48 12 25 1
Plot2 -24 48 12 25 1
Plot3 -24 48 12 25 1
Plotd -24 48 12 25 1
Plot5 -24 48 12 25 1
Ploté -24 48 12 25 1
Plot7 -24 48 12 25 1
Plot8 -24 48 12 25 1
Plot9 -24 48 12 14.57 1
Plot10 -23 a4 11 25 2
Plot11 -23 a4 11 25 2
Plot12 -23 44 11 25 2
Plot13 -23 a4 11 14.15 2
Plot14 31 a4 13 25 3
Plot15 =31 a4 13 25 3
Plot16 -31 a4 13 25 3
Plot17 -31 a4 13 19.72 3
Plot18 -41 -11 11 25 q
Plot19 -41 -11 11 22.36 a4
Plot20 -50 -44 15 25 1

4.4.4.3 Mm3dnnquudasiuieddesliiusadndes

Ya [

Aidefimnudddanazdnassuladesdegluuinalndifesiulidunduiuidey
AelanisauavessadndesAunils 4 lagdsn156ana1IuenaINLYILINNAVOULANTT

d' Aan 1o & o v XY PN | a Yo | v
waeunnlidnluvessadndesliiosiian wavanunsavleiulenialinuinunsnssiegesli
lisunisdnasssasmsesunldanulauniunas Sadumsdiefurunveuiranisrumaineu

Winavadladnaie ludiuiinefideladenld PSO srudundnnisuisnguiayaiuy k-
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means Wan1sdanduulatdeeivanzadliiusadngey Fawlatdeeazgnivuangusadn

'
a a wa LY 4

908 lngd198aandumriareadudnaaiunujinnuvessadnssseglndiuauiesan

=b

an

nszuIuMsTanguuUasseslyiiusadndes Buduainnsimun g uaNsRGsy
ve9ayn1ndulaun wisimesaiuau (w,cy, cy) VBULWANITAUNIVUTEUIY 2 U7
(MaxXY,MinXY) mm%aqqqmaaaqmﬂ (MinV, MaxV) 1uiueunn (numP) uay
SrunuseunsfuInigean (Maxlter) puiidivunlilwidedt 4.4.1 Aeuflazyhnisadied
waileifiudiarinzaiesimey min_dist InseanumngaulufitazAninuasa
yesszozmannynuUassesluiigamudnansvesusaznguiiosiian udrdsaiawndney
Buduvresnsdanguulasdes sol_cluster ielilunisifunaassely

ovINITAIAINISITWes fauUs tazwasnaulutuneudiedulasasousosuan

139N sduLEA Ve wtsfgaaudnatnay (k,) wazwavesnuisnsudu (v,)

VBIUAALOUNIA p € numP UUTPUIY 2 TATUAIUTIIUNGUNABINT YIBWAUTIUIUTD

[ '
Y (=1 1 a 1% =

ndeenegluszuy uiilesan k, Ngnguduniiduansudu wdduiinliiuriniuiy

9

[
IS ¥

o I d‘dd‘ a o o
Aumianangaveseunia (pbest,) lWlaguieney lulaeiuis1agyiin1sAuIumIHa sy

TEUENY sum_dist, IMNIAFTIUNUL k, VDIULAALOUNIA WATONBYAIAN LA

'
a

sum_dist, Wosfigaiioninuadudusunianangaveds (ghest) nouaziiuan
min_dist Wiy sum_dist, waziunfneu sol_cluster 91nN15wUasAIiumnlves
UNIARINAT
o A Y1 oa v 1 Y o 2 ) s
NSIINNLAANTUAULA? L3719 UIFNTEUIUNITNINIUYDY PSO #I0N13UTUNNNDS
AIULSY vy UarAULIYeaUNIA k; 1ngd1989iiAn1aansdumniives pbest, uaz gbest
FannaynialavasuSuiunisailvian sum_dist, lvsiidesndn sum_dist, iy 15192
yinsususunus pbest, Wiy k;, wazwin sum_dist; Alddiantesndn min_dist f

LY J o

gziudfuniaveseyna p € numpP Tuvasiudu gbest lnimewuiu Wodnduns

Jupoudrsiuauasudmsunneyniauds sgAndu 1 seuntsruin wazilievingiauasu
o A o I3 [ [y & [ 1 1% a

ausauNsAIAfmuanaziuduauduneunisiangunig PSO 7l sol_cluster vo3
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Data Preprocessing
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Pseudocoede for Parameter Initialization

e BN B

Import Basic Parameters:
import Field & Resource Datas
I « Set of cane growers
] < Setof cane fields with properties: location (f;), yield (u;), quality (m;), ownership J (i)
R — Set of harvesting resouces with set of operational properties
T « Set of loading trucks
A « Set of arc connected between every field j € J with distance d,
End import
Preprocessing:

cforac4

Calculate traveling time of arc (1,)

: End for

. Divide imported fields data using truck capacity as a criteria
: R, < subset of R that only consist of harvesting machines

: call CLUSTERING(]. B,)

: Update sol_cluster as another property of set |

JUNMT] 4.7 Pseudo Code uanitumounIsiinintoya nsAIvInsseenIN kagnIsuus

I~ :al' %
uuaanuing199g

Pseudocode for Field Clustering

b AN

=]
= 0

S e e e e
Lol B

L N L
RLopmyamabRRaLoE OO NDAaBRRREQ

A

43:
44:

o
=

Function CLUSTERING(]. R,)
Particle Initialization:
Set Maxiter, MinV, MaxV, MaxX¥, MinX¥,w, ¢,. c., pbest, gbest, numP
min_dist « inf
sol_cluster « [}
forp = 1,...,numpP
kp + random |R,| points of centroid in 2D plane between (MinX¥, MaxX1)
v, «— random |R,| sets of velocities in 2D between (MinV, Max1")
call CLUSTERFITNESS(], k)
Update pbest (as it is the initial solution)
pbest, — k,
if sum_dist, < min_dist then
Update gbest, min_dist and best_clusrer
ghbest «— pbest,
min_dist « sum_dist,
sol_cluster «— group_cluster,
End if
End for
Main Loop:
iter — 0
While iter < Maxlter
forp = 1....,numP
Update particle velocities in every dimension (|R, |}
v = w(ul) + oy (phestit — ki) + cara(ghest — k)
Adjust size of 1" according to MaxV and Minl’
Update particle positions in every dimension (|R, [}
krl:}zv — k;;l + pl,ll“.
Adjust position of k" according to MaxX¥ and MinX¥
call CLUSTERFITNESS(J. k')
if sum_dist; < sum_dist, then
phest, «— k&
group_cluster, «— group_cluster;
if sum_dist, < min_dist then
Update ghest, min_dist and sol_cluster
ghest «— pbest,
min_dist « sum_dist,
sol_cluster « group_cluster,
End if
End if
End for
iter « iter + 1
End While
call CLUSTERREPAIR(], gbest, sol_cluster,R,)
return sol_cluster

FUNM 4.8 Pseudo Code uanidunaunIsianguuvasesssie PSO lagldnanyes k-

means
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Pseudocede for Clustering Fitmess Value Calculation
Function CLUSTERFITNESS (], k.,)
sum_dist, « 0
forjej
Calculate distance d7), from f; to every centroid min k,
group_cluster,; — m = centroid in k, which is closest to f;
sum_dist, « sum_dist, + Jr:lilliq:d;ff,}
End for
return group_cluster, and sum_dist,

L B

FUNMTT 4.9 Pseudo Code UaastumounIsnInIAIuIeauYeInIT9nNGUAILTLEEN

Pseudocode for Clustering Repair
1: Function CLUSTERREPAIR(], gbest, sol_cluster, ;)
2 num_field = total number of cane fields in |

3: avyg_group «— (num_field [|R, |}

4 group « {}
5
6
7
B

forn = 1,....|ghest|
groupy, «— group, U {j|j € J:sol_cluster; = n}
Calculate distance d7 from f; € | to ghest,,
: Sort members in group, ascending from field j that closest to gbest,
9: End for

10: While any |greup,| = avg_group do

11: group, « group,\{j|j € J:j is the last member in group,}

12: insert field j to second nearest group n' which |greup,.| < avg_group
13: End While

14: forjej

15: sol_cluster; « n:j € group,

16: End for

17: return sol_cluster

FUNIWI 4.10 Pseudo Code UanstunaunIsoouvtaIneuYeInITinnguuatoee
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Pseudocode for Particle Generation

000 ~ O N =AW

=
= O

=
Lo W s

=
0O ~]

Function PARTICLEGENERATE (particles, gbest, prob, param)

for p € particles
call INIRAND (prob, param)
position, « ini_position
vel, « random value between [MinV, MaxV]
Update pbest (as it is the initial solution)
pbest, < position,
Calculate for fitness values
if p is feasible then
call LOCALSEARCH (p, param)
End if
if fitness, > fitness, then
Update ghbest and fitnessg|
gbest < pbest,
fitness, < fitness,
End if
End for

: return gbest and particles

3UNIM7 4.11 Pseudo Code Uaninisv191uYedluganIuanIsas Neyn a3l
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Pseudocode for Initial Solution Generation

1: Function INIRAND(prob, param)

2 UszablePlot « |

3 UsableRes «— R

4 ResA «— Empty set of harvesting resources working schedule
5: TruckA +— Empty set of loading trucks working schedule
6:

7

&

a

While UsableRes, UsableTruck, UsablePlot available do
if any Green Labor Resource available then
asgn_res « random Green Labor from UsableRes

: Else
10: asgn_res «— random resource from UsableRes
11: End if
12: if asgn_res is Machine then
13: asgn_plot «— random from sol_cluster in UsablePlot
14: Else
15: asgn_plot «— random from UsablePlot
16: End if
17: Caleulate for working time requirement (time_req) of the asgn_plot with asgn_res
18: Calculate set of current time slot (avail_time) of the asgn_res
19: if it is possible to insert assign_plof in any avail_time then
20: asgn_start «— randem from possible slot in avail_time
21: asgn_end «— asgn_start + time_req
22: Adjust asgn_end based on others in Resd
23: Calculate set of available truck for this job (suitable_truck) from Truckd
24: if suitable_truck set is empty then
25: Break
26: Else
27: asgn_truck « random from suitable_truck
28: asgn_job — {asgn_res.asgn_truck, asgn_start, asgn_end, asgn_plot}
29: Update FesAd, TruckA and UsablePlot
3a: Resd «— ResA Uasgn_job
31: Truckd « TruckA U asgn_job
32: UsablePlot «— UsablePlot\[asgn_plot|asgn_plot € J}
33: if asgn_res in Resd meet its capacity then
34: UsableRes +— UsableRes\{asgn_res|asgn_res € R}
35: End if
36: End if
37: Else
38: UsableRes — UsableRes\[asgn_res|asgn_res € R}
39: Skip this loop
40: End if
41: End While
42: Convert ResA and Truckd to ini_position within dimension range [MinD, MaxD]

43: return ini_pasition

U7 4.13 Pseudo Code uanaluganismnalaagisunuYeseynIn
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#1511 4-8 91T NUAAISIDENNITNINARAESUAUYEIBYN AT MSUTgmIvImian (1)

Resources Start Time End Time Plot Assigned Truck
Harvesting
Machine
Green Team1 287.77, 388.74 387.92, 490.79 2,19 6, 4
Green Team2 111.33, 271.27 220.25, 376.96 20, 10 8,2

Burnt Team1

Burnt Team2

Burnt Team3

#1511 4-9 91T NUAANSTIDENNTINNARAEUAUYEIOYN AT MSUTYmIwImian (2)

Resources Start Time End Time Plot Assigned Truck
Harvesting
342.28 395.3 8 5
Machine
Green Team1 287.77, 388.74 387.92, 490.79 2,19 6, 4
Green Team2 111.33, 271.27 220.25, 376.96 20, 10 8,2
Burnt Team1
Burnt Team2
Burnt Team3 452.92 515.31 6 3

#1511 4-10 915 1NUTAISIDE NN TSN INARAESUAUYRIOUN TS UTY IV IEN (3)

Resources Start Time End Time Plot Assigned Truck
33.50, 95.52, 127.38, | 77.31, 135.25,
) 152.73, 206.63, 186.26, 204.45,
Harvesting 7,18,1,3,9,14,11, | 2,5,9,3,4,9,8, 5,
259.51, 315.13, 253.19, 304.85,
Machine 8,13, 4 2,7
342.28, 395.19, 354.06, 395.30,
428.68 439.97, 466.98
Green Team1 287.77, 388.74 387.92, 490.79 2,19 6, 4
Green Team2 111.33, 271.27 220.25, 376.96 20, 10 8,2
Burnt Team1 60.94 122.88 5 6
Burnt Team2 110.13, 174.02 171.91, 233.81 15,17 7,5
320.17, 393.45, 388.92, 456.65,
Burnt Team3 16,12, 6 7,1,3

452.92

515.31
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Particle Reassignment
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Pseudocode for Work Schedule Reassignment

1: Function REASSIGN (particles, ghest, param)

2 Convert gbest position; to working schedule ResG and TruckG

3 for p € particles

4 Convert position, to working schedule Resdy and Truckd,

5: Set empty schedule Res_re, and Truck_re,

6 Update plot assignment in Res_re and Truck_re, with ResG and TruckG

7 Res_re; — Res_rey U {[(res, plot): (res. plot) € ResG}

B Truck_re, « Truck_rey U {{truck, plot): (truck. plot) € TruckG}

9: Update working time assignment in Res_re, and Truck_re, with Resd, and Truckd,
10 Res_re, «— Res_re, U{(start,end): (start,end) € Resd,}

11: Truck_re, « Truck_re, U {(start,end): (start, end) € Truckd,}

12 Calculate for fitness valuss

13: if p is infeasible

14 Remove working time assignment in Res_re, and Truck_re,

15: Res_re, « Res_re, U{(start, end): (start,end) € Resd,}

16 Truck_re, < Truck_re, U{(start, end): (start,end) € Truckd;}
17: End if

18: While any working time in Res_re, is unassigned do

19: asgn_job < random unassigned pair of (res. plot) from Res_re,

20 Calculate working time requirement (time_req) for asgn_job

21: Calculate set of available time (avail_time) from RQS_'I"EP and T'ruck_f'ep
2z asgn_start « random from possible slot in avail_time

23 asgn_end « asgn_start 4+ time_req

24 Adjust asgn_end based on others in Res_re,

25 End While

26 Convert Res_re, and Truck_re, back to pusit[’nn_l‘, within dimension [MinD, MaxD]
T Update new position of p

28: position, « positiony

29: End for

30 return particles

FUNMI] 4.15 Pseudo Code amiluganmsusuunsumiauudanmemeuyesaynIngiu gbest
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P19 4-11 M5 1UTANEIDE NN ITUA LY IUmbsyasaunIma s Uy IvwIaan

Resources Start Time End Time Plot Assigned Truck
Harvesting
4,12,8, 5,6, 10,9 9,1,8,9,3 7,9
Machine
Green Team1 3,1 6,5
Green Team2 7,11 8,7
Burnt Team1 20, 14, 15 2,1,2
Burnt Team2 17,2, 19 7,6, 1
Burnt Team3 18, 13, 16 54,3
1 1 l 1
Resources Start Time End Time Plot Assigned Truck

108.64, 225.68, 144.98, 276.55,

Harvesting 271.27, 348.91, 376.96, 385.25,
9,12, 10,8, 4,5, 6 9,1,789973

Machine 411.53, 437.76, 446.47, 494.10,

452.92 515.31
Green Team1 66.35, 289.41 125.62, 328.68 1,3 5,6
Green Team2 427.72, 466.43 484.06, 502.77 7,11 8,7

17.31, 111.33, 53.650, 220.25,
Burnt Team1 14, 20, 15 1,2,2

133.48 189.82

84.06, 287.77, 140.40, 387.92,
Burnt Team2 17,2, 19 7,6, 1

388.74 490.79

72.680, 129.02,

Burnt Team3 16.34, 72.68, 259.40 16, 18, 13 3,54

295.74
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4.4.5.4 nMseurnmaouRnEd (Local Search)
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nsaunguulatdeeiigninelinig sol_cluster Wiswiiuduiuseu no_imprv
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Pseudocode for Local Search — Change of Harvesting Resources

1: Function CHANGERES(p.param)

2 Tabu_List « [}

3 no_impry « 0

4 Convert position, to working schedule Res4 and TruckA

5: Calculate for set of resources avail_res that working capacity do not met

6 Calculate for set of resources change_res that have job assigned atleast 1 job
7 While no_imprv = 50 do

] before_res « random resource from change_res

9 change_job « random job within before_res

10: after_ras « random different type of resource from avail_ras

11: no_impre +— no_imprv + 1

12: if set of before_res, change_job and after_res isin Tabu_List then

13: Skip this loop

14: End if

15: if after_res is Machine and change_job is not correlated with sel_cluster then
16: Update Tabu_List

17: Tabu_List « Tabu_List U {before_res, after_res, change_job}
18: Skip this loop

15: Else

20: Caleculate for possible slot of insertion from Fesd and TruckA

21: if there is no possible slot then

22: Update Tabu_List

23: Tabu_List «+ Tabu_List U {before_res, after_res,change_job}
24: Skip this loop

25: Else

26 ResA® «— ResA

27 TruckA” « Truckd

28: Update job in Resd” according to before_res, after_res and change_job
29: ResA® — ResA™\[before_res, change_job}

30: ResA® «— ResA™ U {after_res, change_job}

31: Adjust all asgn_start and asgn_end in Resd” and T'ruck4”
32: End if

33: End if

34: Calculate for new fitness values from ResA® and TruckA®

35: if fitness® = fitness then

36: Update ResA and Truckd with ResA® and Truck4’

37: ResA « Resd®

38: TruckA « TruckA®

39: Update fitness values and reset no_imprv

40: fitnass « fitness®

41: no_impry «— 0

42: End if

43: Update Tabu_List

44: Tabu_List «+ Tabu_List U {before_res, after_res, change_job}
45: End While

46: Convert Resd and TruckA back to position,

47: return p

FUNMil 4.16 Pseudo Code uamsluganIsaunianiei-nIsiuaeunsnegnsiiuine 1ve
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Pseudocode for Local Search — Swapping Job Between 2 Resources

1: Function [0BSWAF(p, param)

2 Tabu_List — [}

3 no_imprv « 0

4 Convert position, to working schedule Res4 and TruckA

5: Calculate for set of resources avail_swap_res that have job assigned

6 While no_imprv < 50 do

7 swap_resl, swap_res2 + random different resources from avail_swap_res

8 swap_jobl, swap_job2 + random job within swap_resl and swap_res2

9: no_imprv «— no_imprv + 1

10: if set of swap_resl swap_res2, swap_jobl and swap_job2 is in Tabu_List then

11: Skip this loop

12: End if

13: if any of swap_res is Machineg and swap_job is not correlated with sol_cluster then

14: Update Tabu_List

15: Tabu_List «— Tabu_List U {swap_resl, swap_res2,swap_jobl, swap_job2]

16: Skip this loop

17: Else

18: Calculate for possible slot of insertion from Resd and Truckd

19: if there is no possible slot then

20: Update Tabu_List

21: Tabu_List «— Tabu_List U {swap_resl, swap_res2
swap_jobl, swap_job2}

22: Skip this loop

23: Else

24: ResA® «— ResA

25: TruckA” — Truckd

26: Update job swap_jobl from swap_resl in Resd” with swap_job2

27 ResA® — ResA™\[swap_resl, swap_jobl}

28: ResA® «— ResA™ U [swap_resl, swap_job2}

29: Update job swap_job2 from swap_res2 in Resd” with swap_jobl

30: ResA® «— ResA™\[swap_res2, swap_job2}

31: ResA' — ResA™ U {swap_res2, swap_jobl}

32: Adjust all asgn_start and asgn_snd in ResA” and Truck4”

33: End if

34: End if

35: Calculate for new fitness values from ResA” and TruckA”

36: if fitness® > fitness then

37: Update Resd and Truckd with Resd® and Truckd”

38: ResA «— ResA®

39: TruckA « TruckA®

40: Update fitness values and reset no_imprv

41: fitness «— fitness®

42: no_imprv «— 0

43: End if

44: Update Tabu_List

45: Tabu_List «— Tabu_List U {swap_resl,swap_res2, swap_jobl, swap_job2}

462 End While

47: Convert Resd and TruckA back to position,

4E. return p
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Pseudocode for Local Search — Swapping Working Sequence in Same Resource

1: Function SEQSWAP(p, param)

2 Tabu_List — [}

3 no_impry « 0

4 Convert position, to working schedule Resd and Truck4

5: Calculate for set of resources avail_swap_res that have more than 1 job assigned
6 While no_imprr < 50 do

7 swap_res « random resource from avail_swap_res

8 swap_jobl « random job within swap_res

9 swap_fob2 « random different job within swap_res

10: ne_impry «— no_imprr + 1

11: if set of swap_res, swap_jobl and swap_job2 is in Tabu_List then

12: Skip this loop

13: Else

14: ResA® « Resd

15: TruckA « TruckA®

16: Update job of swap_res in ResA” by removing swap_jobl, swap_job2
17: ResA' — ResA"\[swap_res, swap_jobl}

18: RasA' « ResA™\[swap_res, swap_job2}

19: Update swap_res by replacing swap_jobl in swap_job2 work time
20: RasA' « ResA" U [swap_res,swap_jobl|asgn_start; = asgn_start,}
21: Update swap_res by replacing swap_job2 in swap_jobl work time
22: RasA' « ResA" U {swap_res,swap_job2|asgn_start; = asgn_start,}
23: Adjust all asgn_start and asgn_end in ResA" and Truck4®

24: End if

25: Calculate for new fitness values from Resd” and Truck4®

26: if fitness® = fitness then

27 Update ResA and TruckA with Resd® and Truckd”

28: Resd « Resd®

29: Truckd « Truck4®

30: Update fitness values and reset no_impry

31 fitness « fitnass®

32: no_imprv < 0

33: End if

34: Update Tabu_List

35: Tabu_List « Tabu_List U {swap_res, swap_jobl, swap_job2}

36: End While

37: Convert ResA and Truckd back to position,

38: return p
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yafl 1: MaUAsunIneInTivAeIveaos warnsaduUMIAed
n¥nensfudier rnd_idx < 0.25
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R1 ] Plotl ] Plotz ] Plots ] Plota ] Plot3 ] Ploté ]
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Pseudocode for Local Search

1: Function LOCALSEARCH (p.param)

2: rnd_idx «— random numbers between [0,1]
3: if rnd_idx = 0.25 then

4: call CHANGERES(p, param)

5: call SEQSW AP (p, param)

6: Else if rnd_idx = 0.25 and rnd_idx < 0.5 then
7: call JOBSWAF (p, param)

8: call SEQSW AP (p. param)

9: Else

10 call CHANGERES(p, param)

11: call JOBSWAF (p, param)

12: call SEQSW AP (p. param)

13: End if

14: return p

YNl 4.20 Pseudo Code uanaluganisaunianizii-nisinynveslugadey
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Resources Start Time End Time Plot Assigned Truck
33.50, 95.52, 127.38, | 77.31, 135.25,
. 152.73, 206.63, 186.26, 204.45,
Harvesting 7,18,1,3,9,14,11, | 2,59,3,4,9,8, 5,
259.51, 315.13, 253.19, 304.85,
Machine 8,13, 4 2,7

342.28, 395.19,

354.06, 395.30,

428.68 439.97, 466.98
Green Team1 287.77, 388.74 387.92, 490.79 2,19 6, 4
Green Team2 111.33, 271.27 220.25, 376.96 20, 10 8,2
Burnt Team1 60.94 122.88 5 6
Burnt Team2 110.13, 174.02 171.91, 233.81 15, 17 7,5
Burnt Team3 320.17, 393.45, 388.92, 456.65, 16,12, 6 713

452.92 515.31
l ! l !
Resources Start Time End Time Plot Assigned Truck
17.310, 108.64, 53.65, 144.98,
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14,9, 13,3,8, 4, 11 3,4,9,8,5 2,7
Machine 348.91, 411.53, 385.25, 446.47,
466.43] 502.77
Green Team1 287.77, 388.74 387.92, 490.79 2,19 6,4
Green Team2 111.33, 271.27 220.25, 376.96 20, 10 8,2
84.06, 133.48, 140.40, 189.82,
Burnt Team1 17, 15,5 6,7, 1
437.76 494.10
16.34, 225.68, 72.680, 276.55,
Burnt Team2 16,12, 7 51,9
427.72 484.06
73.65, 125.62,
Burnt Team3 16.34, 66.35, 452.92 18,1, 6 2,9,3
515.31
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Pseudocode for Solution Improvement

1: Function PARTICLEREPAIR (particles, gbest, param)

2 Sort members in particles by the fitness values

3 Destroy & Repair:

4: d_set «+ Set of 20% particles with worst fitness values

5: particles < particles\d set

6: call REASSIGN (d_set, ghest, param)

7 Update particles with new particle in d_set”

8 particles < particles U d_set

9: Position Improvement:

10: imp_set « Set of 30% particles with worst fitness values next to d_set
11: particles < particles\imp_set

12: Calculate improvement velocity and new position

13: fori c imp_set

14: new_vell; « vel} /(velf — vel:™):t = current Iter

15: new_positionl; « position; + new_vell;

16: new _vel2; « (vel!™ — velt)fvell™':t = current Iter

17: new_position2; < position; + new_vel2;

18: if new_position1, or new_position2, closer to gbest then
19: Update position of particle i in imp_set with better new_position;
20: position; < new_position;

21: Update improvement status imp_stat;

22: imp_stat; < true

23: End if

24: End for

25: Update particles with new particle in imp_set

26: particles < particles U imp_set

27: return particles

FUnmil 4.23 Pseudo Code uanalugansusuuse uazinnimmey
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PARTICLEGENERATE luadiofi 4.4.5.1 uaziloldarmundsvasynoynianeuss
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g 1] q q
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YMUNATULNUY 193] Pseudo Code BaAINTZUIUNITYINIUNANVYDITISARNALUAIUVDINIS

Initialize asauanslaragunIng 4.24

Pseudocode for MAIN Heuristic (1)

1. Begin
2: import from Parameter Initialization
3: param <« set of parameters from [,],R, T
4. Particle Initialization:
5: Set prob that contained basic PSO parameters
6: {w,wdamp, ¢;,c5} < {0.729,0.999, 1.49445, 1.49445}
7: {MaxD, MinD} « {1,0}
8: {MaxV,MinV} « 0.1 X {MaxD,MinD}
9: numpP « 15
10: numDim < 4 X numP
11: MaxIter « 1,000
12: RndIter < 0.05 X Maxiter
13: Extlter « 0.11 X MaxIter
14: Noimp_count « 0
15: Set starting value of pbest and gbest
16: Set particles as set of size numP to contain particle value
17: call PARTICLEGENERATE (particles, gbest, prob, param)
18: call REASSIGN (particles, gbhest, param)
JUNIM 4.24 Pseudo Code UaninssuIaunIsyiNIuvanvessIsanng (1)
fnangiu Initialization 15132na1309@3UATEUIUNITVINIUIBRS PSO n18ludas
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1l Pseudo Code waninszuiunsvingulasnmsiuuesdisafinddmsutygninig

AN ImNIneINT ansananslanaguning 4.25

Pseudocode for MAIN Heuristic (2)

15:
20
21:
22:
23
24:

25:

26:
27
28:
29
300
31:
32
33
34:
35:
36:
37
38:
39:
40:
41:
42
43:
44
45:
48:
47
48:
45
50:
51:
52:
53
54:
55:
56:
57:
58
55:
&0
61:
62:
63: End

Main Loop:
for [ter = 1..... MaxIter

Noimp_count « Noimp_count + 1
for p € particles
if particle improvement status imp_stat,, is false then
Update particle velocities in dimensions that represent working time
pel™ o w(vell!) + eyry(phest] — positionf')
e +eara(ghest — pesitiony)
Adjust size of vel] according to MaxV' and Minl
Update particle positions in dimensions that represent working time
position]” « positiony + vely”
Adjust position of pesitiong” according to MaxX¥ and MinX¥
Else
Update improvement status imp_stat,
imp_stat, < false
End if
Calculate for fitness values
if p is feasible then
call LOCALSEARCH (p, param)
End if
if fitness; = fitness, then
Update pbest,
phest, « position,
if fitness, = fitness; then
Update gbest, fitness, and Noimp_count
gbest — phest,
fitness, « fitness,
Noimp_count « 0
End if
End if
End for
if there is new ghest in this /ter then
call REASSIGN (particles, ghest, param)
Else if Noimp_count can be divisible by 5 then
call PARTICLEREPAIR (particles, gbest, param)
End if
if Noimp_count can be divisible by Rndlter then
call PARTICLEGENERATE (ghest, prob, param)
End if
if Noimp_count = Extlter then
Break|
End if
Update damping value w
wo— w X wdamp

End for

64 return ghest

FUNMT 4.25 Pseudo Code 4aminssuiunIsviNiIuvanyevdasaing (2)
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5-1
= a s N v o ¥ aa =
BTN 5-1 BI171UIRINITINS DT 1/75@?/8%/27%7!?/77}1/@7@\77’/
No. | Parameters Meaning Values Units References
1 g Sasnslaisudomas q km/litre | vewa unaan (2556)
gnsnsuassuiamsueulaeanlan 2IANTUSMSIANSAS oY
2 g° Y 27446 | kgCOy/litre
VIUNNUY 3% (2562)
3 gC SANTRTBINES 28 Baht/litre | Usn. (2562)
R1=25
4 h$ dsnsfiuiferdesvamineins | R2=6.25 | ton/hour | 3% Tenyna et al. (2555)
R3=13.5
@ s 4w R1=280
AlganglunsinuingI9eevd
5 h¢ . R2=250 | Baht/ton | len1una et al. (2555)
NSNYINS
R3=220
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v¥ oo X a R1=15
gnsnsliindugeindaves
6 h9 . R2=0 litre/ton | Tenuna et al. (2555)
r NINYINT
R3=0
. . . | R1=0 40105 wedssngny and Ledeu
gnynsUaseuiamsveulneanles o
7 heé . R2=0 kgCO,/ton | wWinUszans (2560)
T YoMINYINT
R3=219.5
o L. R1=13.98
OATIEIUAENUTNAINNITNULNEN
8 ha . R2=11.04 % lonuna et al. (2555)
r Yomnineng
R3=8.73
3 . L4 R1=3.5117
gnTINsgadeNMAUINgIeY
9 ht . R2=3.0565 % lenuna et al. (2555)
r YBIMNINYINT
R3=2.8269
R1=-30
10 h{ Adsuannisldaunineans R2=-30 Baht/ton | w3ale (2562)
R3=30
! Yo U Y a R]-:O
. Alfaglunsuiudsmihauain - .
11 ht . R2=0 Baht/plot | imswaniu (2561)
r AsLAULAEN
R3=1000
o Y 1y R1=17
dndnludesuarniudesainnis
12 h¥ Lo R2=17 % lonuna et al. (2555)
U
R3=0
R1=14
13 o, 5mﬂmsl,ﬁwﬁmgqqmaw%’wmns R2=2 plot/day | Ten1una et al. (2555)
R3=3
y . L. R1=0.10834
FNIINTFRUAMNINYRITOENAING %
14 Oy . 2 R2=0.04114 Solomon et al (2550)
ViukAed C.C.S/hour
R3=0.06488
15 m 81351N15MUgREVRdlT NG 500 ton/hour | 15auunnayssug (2558)
16 l NTINUTIYNGEAYRITAUTINN 25 ton NIUNNYAN (2558)
17 v FuuNzUgndey 665 Baht/ton | @& duilesa (2562)
.4 dilnnuenENIIINIORLLAY
18 s IIMYTDYLRRENTNLTINY 900 Baht/ton |
1dmnansng (2560)
19 c svgludosiaaslilsenuli 1,000 Baht/ton | dfinswan3y (2563)
20 9 aethaansiefiuiads 16,132.85 Baht/ton Investing.com (2017)
AANNMEBENIATTILATINY dinnuAuENIINN TR
21 q ) 10 ccs .
YUY Unnansne (2563)
AUFy vieliuduinanAm N dinanuaAugnsIuNIdos LAy
22 b 42 Baht/C.C.S

2087IANINUINTFIU

Trmanse (2563)
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- Ugymaualugi: um 150 wlasiuiien (150 Ausa)
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5% | v ] Y] = v 1 Y
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a 5 14 96’ A o 1% X v
aAndvdnvresgnainnssuuiaalnelagUseun Ao 50An00Y 5.14% WINURANDDYEN
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- MATLAB 2019a @usunngaudisasng



142

(%
Y
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5.3.1 Jgyywunaan

dusudgmvuindan saunsakaninisilieuiisulse@nsaimnisuiaineu

| aa U a a a e¢a X vy q'
33‘1/?']']@’35LLNumiﬂﬂUaﬂiamﬂaW@@ﬂLLU‘U‘UU‘IWWQLLa@ﬂIu@niqﬁﬂ 5-2

AN 5-2 MTNSIUTEUYSEaNnE NN sAImeua msulymvuInian

Instances | Methods Results Obj1 Obj2 Obj3 Obj4
Obj Val 5,886.81 6,750.31 79,475.26 10,961.39
Direct
(%Gap) - 0.44% - 0.95%
Method
CPU Times 415.61 10,800 738.81 10,800
Best Obj 5,886.81 6,756.52 79,475.26 10,958.73
Avg Obj 5,886.81 6,756.06 79,475.26 10,959.26
1 Heuristic Sd of Obj 0 1.45 0 1.12
Avg CPU Times 1.37 37.07 1.53 21.26
Sd of CPU Times 0.92 26.68 1.07 23.77
Best Obj 0% +0.09% 0% +0.02%
Differences Avg Obj 0% +0.09% 0% +0.02%
CPU Times +99.67% +99.66% +99.79% +99.8%
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Instances | Methods Results Obj1 Obj2 Obj3 Obja4
Obj Val 4,508.52 4,837.02 75,003.32 9,481.08
Direct
(%Gap) = 0.32% = 1.81%
Method
CPU Times 283.82 10,800 1020.85 10,800
Best Obj 4,508.52 4,840.38 75,003.32 9,452.50
Avg Obj 4,508.52 4,839.89 75,003.32 9,456.65
2 Heuristic Sd of Obj 0 0.51 0 4.9
Avg CPU Times 14.37 26 4.78 37.01
Sd of CPU Times 14.48 15.32 3.11 27.92
Best Obj 0% +0.07% 0% +0.3%
Differences Avg Obj 0% +0.06% 0% +0.26%
CPU Times +94.94% +99.76% +99.53% +99.66%
Obj Val 5,133.59 5,218.92 80,461.36 12,853.35
Direct
(%Gap) = 0.65% - 0.70%
Method
CPU Times 1510.43 10,800 271.61 10,800
Best Obj 5,133.59 5,225.86 80,461.36 12,853.35
Avg Obj 5,133.59 5,224.47 80,461.36 12,858.71
3 Heuristic Sd of Obj 0 2.92 0 9.65
Avg CPU Times 2.34 14.22 1.5 29.56
Sd of CPU Times 2.54 16.67 1.11 26.97
Best Obj 0% +0.13% 0% 0%
Differences Avg Obj 0% +0.11% 0% -0.04%
CPU Times +99.85% +99.87% +99.45% +99.73%
Obj Val 4,651.63 4,760.92 72,627.77 6,571.40
Direct
(%Gap) - 1.48% - 1.43%
Method
CPU Times 1095.81 10,800 277.44 10,800
Best Obj 4,651.63 4,795.44 72,627.77 6,559.97
Avg Obj 4,651.63 4,782.07 72,627.77 6,605.08
q Heuristic Sd of Obj 0 10.75 0 27.23
Avg CPU Times 8.06 21.67 16.98 72.17
Sd of CPU Times 11.44 1591 21 65.52
Best Obj 0% +0.73% 0% +0.17%
Differences Avg Obj 0% +0.44% 0% -0.51%
CPU Times +99.26% +99.8% +93.88% +99.33%
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Instances | Methods Results Obj1 Obj2 Obj3 Obja4
Obj Val 5,344.26 = 77,419.87 9,453.54
Direct
(%Gap) - - - 1.30%
Method
CPU Times 708.05 10,800 1038.72 10,800
Best Obj 5,344.26 5,886.52 77,419.87 9,453.54
Avg Obj 5,344.26 5,886.52 77,419.87 9,453.54
5 Heuristic Sd of Obj 0 0 0 0
Avg CPU Times 2.05 5.31 3.07 16
Sd of CPU Times 1.29 6.95 1.48 25.34
Best Obj 0% = 0% 0%
Differences Avg Obj 0% - 0% 0%
CPU Times +99.71% +99.95% +99.7% +99.85%
Obj Val 5,139.37 4,779.39 81,789.41 12,268.30
Direct
(%Gap) = 10.49% 2.72% 1.72%
Method
CPU Times 384.2 10,800 10800 10,800
Best Obj 5,139.37 5,226.52 79,561.73 12,247.02
Avg Obj 5,139.37 5,200.55 79,562.60 12,260.29
6 Heuristic Sd of Obj 0 19.95 2.75 19.79
Avg CPU Times 1.96 23.01 15.98 24.97
Sd of CPU Times 1.03 25.02 17.15 32.59
Best Obj 0% +9.36% +2.8% +0.17%
Differences Avg Obj 0% +8.81% +2.8% +0.07%
CPU Times +99.49% +99.79% +99.85% +99.77%
Obj Val 4,916.06 5,374.17 70,610.73 4,889.12
Direct
(%Gap) - 0.37% - 3.30%
Method
CPU Times 575.92 10,800 734.54 10,800
Best Obj 4,916.06 5,373.59 70,610.73 4,866.24
Avg Obj 4,916.06 5,365.87 70,610.73 4,883.25
7 Heuristic Sd of Obj 0 8.99 0 16.5
Avg CPU Times 2.81 24.22 3.52 37.06
Sd of CPU Times 2.02 24.85 2.32 64.34
Best Obj 0% -0.01% 0% +0.47%
Differences Avg Obj 0% -0.15% 0% +0.12%
CPU Times +99.51% +99.78% +99.52% +99.66%
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Instances | Methods Results Obj1 Obj2 Obj3 Obja4
Obj Val 4,877.02 6,351.63 75,170.93 7,392.23
Direct
(%Gap) = 0.17% = 1.14%
Method
CPU Times 891.03 10,800 256.08 10,800
Best Obj 4,877.02 6,351.63 75,170.93 7,390.76
Avg Obj 4,877.02 6,350.63 75,170.93 7,390.93
8 Heuristic Sd of Obj 0 3.15 0 0.27
Avg CPU Times 10.36 37.73 3.18 29.23
Sd of CPU Times 14.46 21.97 2.67 35.21
Best Obj 0% 0% 0% +0.02%
Differences Avg Obj 0% -0.02% 0% +0.02%
CPU Times +98.84% +99.65% +98.76% +99.73%
Obj Val 4,411.65 3,842.30 75,861.21 8,651.05
Direct
(%Gap) = 6.17% - 1.18%
Method
CPU Times 594.46 10,800 269.48 10,800
Best Obj 4,411.65 4,056.84 75,861.21 8,651.05
Avg Obj 4,411.65 4,054.68 75,861.21 8,686.88
9 Heuristic Sd of Obj 0 5.76 0 22.95
Avg CPU Times 3.63 27.61 2.24 56.15
Sd of CPU Times 1.87 24.48 2.11 45.69
Best Obj 0% +5.58% 0% 0%
Differences Avg Obj 0% +5.53% 0% -0.41%
CPU Times +99.39% +99.74% +99.17% +99.48%
Obj Val 4,314.83 3,901.05 69,334.89 5,771.65
Direct
(%Gap) - 8.85% - 2.38%
Method
CPU Times 926.2 10,800 700.556 10,800
Best Obj 4,314.83 4,222.41 69,334.89 5,764.93
Avg Obj 4,314.83 4,215.28 69,334.89 5,776.78
10 Heuristic Sd of Obj 0 7.7 0 8.3
Avg CPU Times 3.86 30.91 2.09 34.57
Sd of CPU Times 2.66 32.23 1.41 28.62
Best Obj 0% +8.24% 0% +0.12%
Differences Avg Obj 0% +8.06% 0% -0.09%
CPU Times +99.58% +99.71% +99.7% +99.68%
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Cane Input Growers’ Profits
Instances OPL Heuristic OPL Heuristic
Machine | Green | Burnt | Machine | Green | Burnt | Machine | Green | Burnt | Machine | Green | Burnt
1 7 4 9 7 4 9 14 4 2 14 4 2
2 4 4 14 4 2 14 4 2
3 7 a4 9 7 a4 9 14 a4 2 14 a4 2
4 7 a4 9 7 a4 9 14 a4 2 14 a4 2
5 7 4 9 7 4 9 - - - 14 4 2
6 7 4 9 7 4 9 14 3 3 14 4 2
7 7 il 9 7 il 9 14 4 2 14 a4 2
8 7 il 9 7 il 9 14 4 2 14 a4 2
9 7 4 9 7 4 9 14 4 2 14 4 2
10 7 a4 9 7 a4 9 13 4 3 14 a4 2
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Opportunity Losses Environmental Impact
Instances OPL Heuristic OPL Heuristic
Machine | Green | Burnt | Machine | Green | Burnt | Machine | Green | Burnt | Machine | Green | Burnt
1 14 a4 2 14 a4 2 14 a4 2 14 a4 2
2 14 4 2 14 4 2 14 4 2 14 4 2
3 14 4 2 14 4 2 14 4 2 14 4 2
4 14 a4 2 14 a4 2 14 a4 2 14 a4 2
5 14 4 2 14 4 2 14 4 2 14 4 2
6 12 4 4 14 4 2 14 4 2 14 4 2
7 14 a4 2 14 a4 2 14 a4 2 14 a4 2
8 14 a4 2 14 a4 2 14 a4 2 14 a4 2
9 14 4 2 14 4 2 14 4 2 14 4 2
10 14 4 2 14 4 2 14 4 2 14 4 2
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Instances Results Obj1 Obj2 Obj3 Obja
Best Obj 12,031.01 4,835.39 179,035.31 92,194.34
Avg Obj 12,031.01 4,829.29 179,035.31 92,269.11
1 Sd of Obj 0 5.14 0 48.92
Avg CPU Times 59.69 95 84.4 73.55
Sd of CPU Times 48.8 22.81 41.13 47.45
Best Obj 13,341.69 5,413.09 193,963.44 107,792.78
Avg Obj 13,341.68 5,345.56 194,099.40 107,876.88
2 Sd of Obj 0.03 33.05 90.22 54.74
Avg CPU Times 38.9 30.55 32.43 42.75
Sd of CPU Times 13.33 12.28 20.28 19.98
Best Obj 11,897.66 4,720.31 175,596.35 89,769.94
Avg Obj 11,897.66 4,717.34 175,598.88 89,850.83
3 Sd of Obj 0 2.76 6.89 68.54
Avg CPU Times 49.34 88.17 69.96 56.51
Sd of CPU Times 22.56 15.85 16.32 25
Best Obj 11,825.35 4,367.79 184,690.96 98,906.49
Avg Obj 11,825.35 4,352.40 184,691.38 99,102.31
4 Sd of Obj 0 6.99 0.68 99.01
Avg CPU Times 51.97 111 97.6 46.93
Sd of CPU Times 20.57 47.5 49.4 15.04
Best Obj 12,262.96 5,198.21 190,056.50 104,663.04
Avg Obj 12,262.96 5,189.73 190,057.37 104,744.60
5 Sd of Obj 0 8.33 1.18 60.07
Avg CPU Times 52.65 84.41 76.28 57.49
Sd of CPU Times 19.68 29.7 18.22 38.04
Best Obj 12,528.04 4,916.25 175,014.92 87,433.74
Avg Obj 12,528.04 4,904.68 175,014.92 87,574.80
6 Sd of Obj 0 11.04 0 125.78
Avg CPU Times 57.08 104.85 100.07 94.9
Sd of CPU Times 11.81 18.05 40.14 45.74
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Instances Results Obj1 Obj2 Obj3 Obja
Best Obj 13,505.66 5,370.89 179,713.47 92,759.12
Avg Obj 13,505.66 5,354.81 179,713.96 92,838.09
7 Sd of Obj 0 11.81 0.97 86.56
Avg CPU Times 64.75 120.52 86.95 54.26
Sd of CPU Times 34.93 435 38.09 27.69
Best Obj 12,451.68 5,026.63 179,615.33 92,518.64
Avg Obj 12,451.68 5,013.31 179,615.33 92,564.98
8 Sd of Obj 0 11.91 0 44.44
Avg CPU Times 72.58 98.05 96.04 91.58
Sd of CPU Times 37.08 18.05 35.55 65.18
Best Obj 12,355.09 4,638.14 178,543.22 93,001.58
Avg Obj 12,355.09 4,633.23 178,543.38 93,131.26
9 Sd of Obj 0.01 10.54 0.31 108.76
Avg CPU Times 63.44 103.27 66.57 92.71
Sd of CPU Times 52.22 22.65 21.41 48.97
Best Obj 13,154.63 5,551.27 195,218.00 108,492.05
Avg Obj 13,154.63 5,547.26 195,218.02 108,535.43
10 Sd of Obj 0 1.95 0.09 29.88
Avg CPU Times 64.3 125.9 90.72 53.34
Sd of CPU Times 28.31 108.13 43.35 24.61
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Cane Input — Objectivel Growers' Profits — Objective2
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Cane Input Growers’ Profits
Instances
Machine | Green | Burnt | Machine | Green | Burnt

1 1 16 33 14 16 20
2 1 16 33 14 16 20
3 1 16 33 14 16 20
4 1 16 33 14 16 20
5 1 16 33 14 16 20
6 1 16 33 14 16 20
7 1 16 33 14 16 20
8 1 16 33 14 16 20
9 1 16 33 14 16 20
10 1 16 33 14 16 20

Opportunity Losses Environmental Impact

Instances
Machine | Green | Burnt | Machine | Green | Burnt

1 14 16 20 14 16 20
2 14 16 20 14 16 20
3 14 16 20 14 16 20
4 14 16 20 14 16 20
5 14 16 20 14 16 20
6 14 16 20 14 16 20
7 14 16 20 14 16 20
8 14 16 20 14 16 20
9 14 16 20 14 16 20
10 14 16 20 14 16 20
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Instances Cat Obj1 Obj2 Obj3 Obj4
Best Obj 37,053.98 4,778.94 531,377.62 270,381.33
Avg Obj 37,048.47 4,732.96 531,930.37 271,853.30
1 Sd of Obj 5.61 34.72 430.07 4422.51
Avg CPU Times 597.39 341.91 211.17 798.62
Sd of CPU Times 319.84 146.72 68.66 367.83
Best Obj 36,001.70 4,706.06 537,380.09 276,620.02
Avg Obj 35,996.17 4,642.33 537,711.85 277,330.64
2 Sd of Obj 4.05 45.65 480.88 1949.84
Avg CPU Times 372.55 256.94 222.03 669.11
Sd of CPU Times 325.42 53.25 49.77 408.54
Best Obj 34,988.29 4,397.18 536,324.56 276,296.73
Avg Obj 34,976.40 4,338.46 536,770.84 276,361.81
3 Sd of Obj 9.85 53.42 356.23 4a7.97
Avg CPU Times 365.5 312.45 174.02 711.13
Sd of CPU Times 218.53 156.87 31.13 306.4
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Instances Cat Obj1 Obj2 Obj3 Obja
Best Obj 35,767.48 5,000.28 543,303.87 284,640.22
Avg Obj 35,754.92 4,960.02 544,113.20 284,685.50
4 Sd of Obj 8.02 22.69 812.89 37.71
Avg CPU Times 413.12 345.58 257.05 831.29
Sd of CPU Times 261.75 125.89 124.5 311
Best Obj 41,202.99 5,676.42 567,844.92 307,636.59
Avg Obj 41,192.59 5,638.21 568,235.70 307,749.46
5 Sd of Obj 10.71 46.85 361.32 98.13
Avg CPU Times 463.8 269.64 180.81 710.72
Sd of CPU Times 348.59 71.05 34.79 319.72
Best Obj 36,833.73 4,944.78 531,280.19 269,791.03
Avg Obj 36,818.91 4,908.80 531,812.34 270,516.77
6 Sd of Obj 9.74 32.11 507.01 1922.82
Avg CPU Times 390.98 348.66 215.02 674.22
Sd of CPU Times 263.92 115.97 79.75 212.66
Best Obj 38,437.74 5,124.91 530,346.81 269,467.85
Avg Obj 38,427.37 5,088.34 531,342.82 269,544.90
7 Sd of Obj 8.85 27.85 601.54 67.68
Avg CPU Times 353.05 308.69 317.81 864.81
Sd of CPU Times 233.11 55.66 215.69 220.59
Best Obj 35,549.17 4,571.06 518,696.25 258,905.96
Avg Obj 35,540.69 4,513.69 519,033.62 260,060.17
8 Sd of Obj 9.58 54.45 242.43 3356.08
Avg CPU Times 294.82 255.1 217.79 806.89
sd of CPU Times 236.54 73.63 90.36 373.17
Best Obj 36,389.39 4,781.35 523,446.25 262,468.96
Avg Obj 36,374.21 4,746.66 523,916.97 262,694.83
9 Sd of Obj 17.59 43.71 391.91 295.36
Avg CPU Times 222.37 301.05 222.76 861.35
Sd of CPU Times 163.48 77.51 71.67 525.75
Best Obj 37,625.17 5,165.44 539,533.48 279,226.38
Avg Obj 37,609.19 5,119.76 540,024.66 279,334.68
10 Sd of Obj 13.49 44.04 4383.2 84.59
Avg CPU Times 442.48 290.08 273.93 655.64
Sd of CPU Times 325.74 T 140.92 310.78
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Cane Input Growers’ Profits
Instances
Machine | Green | Burnt | Machine | Green | Burnt
1 3 43 99 42 48 60
2 3 48 99 42 48 60
3 3 48 99 42 48 60
4 3 43 99 42 48 60
5 3 43 99 42 48 60
6 3 48 99 42 48 60
7 3 a8 99 42 48 60
8 3 a8 99 42 48 60
9 3 a3 99 42 48 60
10 3 a3 99 42 48 60
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Opportunity Losses Environmental Impact
Instances
Machine | Green | Burnt | Machine | Green | Burnt

1 a2 48 60 42 48 60
2 a2 a8 60 42 48 60
3 42 43 60 a2 48 60
4 a2 48 60 42 48 60
5 a2 48 60 42 48 60
6 42 43 60 a2 48 60
7 a2 48 60 42 48 60
8 42 48 60 a2 48 60
9 42 48 60 a2 48 60
10 42 43 60 a2 48 60
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5.4.1 Jgyyaunaan
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arInQUIrasd EEElIaINTAUNIAINRU WazA1RYHT IR UseaninImnsAumAIneuTiaes
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¥in Y8INIMIAINUIINIY 10 Yndeyaund lafwisnei 5-8

15N 5-8 1T NUAANAIUTEFNEN INUSZEARASU U1 TagUsyavAves Iy Inian

Instances | Values Obj1 Obj2 Obj3 Obj4 CPU Times GD IGD | Spread

Max 5,886.81 | 6,756.62 | 87,101.33 | 51,665.82
1 60.89 0.0266 0 0.6161
Min 5,677.63 | 4,731.64 | 79,465.19 | 10,958.73

Max 4,508.55 | 4,840.38 | 82,537.70 | 52,031.62
2 48.31 0.0248 0 0.6759
Min 4,292.23 | 2,285.36 | 75,002.68 | 9,452.50

Max | 5,133.82 | 5,225.86 | 87,358.39 | 51,497.20
3 34.55 0.0289 0 0.5693
Min 493576 | 3,583.11 | 80,458.38 | 12,853.35

Max 4,651.66 | 4,792.41 | 82,478.32 | 51,891.30
4 44.32 0.0208 0 0.5532
Min 4,423.54 | 2,704.97 | 72,626.97 | 6,559.97

Max 5,344.38 | 5,886.86 | 86,957.71 | 52,019.68
5 33.58 0.0306 0 0.7134
Min 5,127.13 | 2,792.85 | 77,393.89 | 9,453.54

Max | 5,139.87 | 5,226.52 | 86,526.99 | 52,079.06
6 39.5 0.0443 | O 0.5382
Min 4,935.95 | 3,582.43 | 79,561.61 | 12,247.00

Max 4,916.26 | 5374.17 | 78,132.29 | 51,558.41
7 51.32 0.0246 0 0.5609
Min 4,679.19 | 3,556.93 | 70,607.40 | 4,850.40

Max 4,877.07 | 6,351.80 | 83,741.97 | 51,354.31
8 49.88 0.0325 0 0.6408
Min 4,654.91 | 3,660.23 | 75,168.31 | 7,390.76

Max 4,411.81 | 4,057.27 | 83,294.12 | 51,477.21
9 63.65 0.0251 0 0.5344
Min 4,196.04 | 2,486.85 | 75,846.67 | 8,651.05

Max 4,314.93 | 4,222.46 | 77,287.64 | 51,485.58
10 44.73 0.0172 0 0.5979
Min 4,079.12 | 2,365.21 | 69,331.56 | 5,755.08
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5.4.2 Jgymaunnana

A msulamunanans L51aNUTOTEUANTIRARIAIENER LassanTasnalaaluus

[
[ [

arinQUsrasd T8EsIaINTAUNIAINOU WagARYHlYInUsednSn1nnsAuMIAINOUEeY
¥ilp Y8INIMIARaUIINIY 10 Yndeyaunt ladwm1sei 5-9

MITNT 5-9 915 NUAAIAIYTEFNEAIMULHARBIUUUNA I I UTTaIAYBITYNIVUINNG

Instances | Values Obj1 Obj2 Obj3 Obj4 CPU Times GD IGD | Spread

Max 12,033.02 | 4,832.70 | 203,097.68 | 184,675.10
1 248.29 0.0322 0 0.8381
Min 11,614.96 | 2,244.04 | 178,927.07 | 92,134.13

Max 13,341.69 | 5,413.11 | 209,434.50 | 185,894.97
2 221.32 0.0373 0 0.7451
Min 12,958.63 | 2,259.10 | 193,889.14 | 107,775.72

Max 11,899.56 | 4,717.38 | 202,163.10 | 186,018.72
3 220.07 0.0379 0 0.82
Min 11,472.48 | 2,081.65 | 175,448.50 | 89,704.45

Max 11,826.39 | 4,353.63 | 206,273.18 | 186,351.24
4 302.31 0.028 0 0.7422
Min 11,423.89 | 2,046.46 | 184,611.95 | 98,910.78

Max 12,263.39 | 5,192.00 | 208,035.38 | 186,253.33
5 193.34 0.0316 0 0.7206
Min 11,874.52 | 2,653.29 | 190,012.19 | 104,536.67

Max 12,529.86 | 4,913.12 | 202,428.20 | 184,760.56
6 194.84 0.0216 0 0.807
Min 12,101.53 | 3,123.55 | 174,934.65 | 87,438.21

Max 13,507.19 | 5,367.60 | 203,571.65 | 185,655.28
7 242.45 0.0443 0 0.8047
Min 13,084.63 | 2,989.84 | 179,602.15 | 92,652.79

Max 12,453.30 | 5,019.70 | 203,518.57 | 185,074.69
8 259.24 0.036 0 0.7848
Min 12,034.63 | 2,494.55 | 179,510.71 | 92,470.34

Max 12,357.53 | 4,629.80 | 203,204.29 | 186,663.92
9 231.1 0.039 0 0.7429
Min 11,932.93 | 2,494.10 | 178,368.04 | 92,999.10

Max 13,154.63 | 5,547.75 | 210,339.96 | 184,734.03
10 193.18 0.033 0 0.863
Min 12,779.22 | 2,953.96 | 195,182.87 | 108,461.62
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5.4.3 Jgyyuunnlnegy

dwSulmnuuanane L5EUTOREUNTIULARIANENER karsNanvaIHaLans UL

[
[ - [

azIngUITasn S3EEIRINTAUMIAINBY LarARYNTTAUTEANSAIMNISAUMIAINDUNEEY
¥ilo YeaMIAneUdIwIY 10 Yadeyaundn lafinisen 5-10

7757991 5-10 MITIUARIAIUSEANEN MUZHaRAguUUA I8 IngUsTasAveslyni1vuInlng

Instances | Values Obj1 Obj2 Obj3 Obja CPU Times GD IGD | Spread

Max 37,036.74 | 4,769.47 | 613,398.71 | 555,662.06
1 1,909.58 0.0136 0 1.0627
Min 35,783.26 | 2,655.82 | 531,938.73 | 270,455.69

Max 36,003.40 | 4,722.43 | 610,970.08 | 555,170.17
2 2383.74 0.0251 0 0.9972

Min 34,754.41 | 2,571.26 | 537,009.06 | 276,638.94

Max 34,985.07 | 4,372.46 | 608,702.31 | 555,156.10
3 2428.34 0.0229 0 1.0073

Min 33,734.35 | 2,230.77 | 536,340.95 | 276,286.28

Max 35,767.48 | 5,000.28 | 615,207.70 | 557,133.00
4 2,006.57 0.0124 | O 1.0161
Min 34,538.19 | 2,960.95 | 543,303.87 | 284,640.22

Max 41,202.99 | 5,676.42 | 623,885.62 | 559,006.15
5 1,768.45 0.0136 0 1.0268
Min 40,007.27 | 3,577.85 | 567,844.92 | 307,636.59

Max 36,833.73 | 4,944.78 | 611,235.51 | 555,781.11
6 1,722.26 0.0142 0 0.9668
Min 35,561.12 | 2,761.48 | 531,280.19 | 269,791.03

Max 38,437.74 | 5,124.91 | 610,087.50 | 557,116.16
7 1,955.57 0.0138 0 0.973
Min 37,154.77 | 3,142.47 | 530,346.81 | 269,467.85

Max 35,550.57 | 4,534.66 | 609,272.62 | 557,707.29
8 1,888.87 0.0236 0 0.9892
Min 34,248.47 | 2,431.41 | 518,664.36 | 258,915.47

Max 36,385.37 | 4,794.95 | 606,482.94 | 556,362.24
9 1,750.28 0.0284 0 0.9986
Min 35,096.41 | 2,543.89 | 523,202.70 | 262,571.17

Max 37,625.17 | 5,165.44 | 610,965.76 | 556,343.95
10 1,848.13 0.0117 | O 1.0627
Min 36,367.28 | 2,933.64 | 539,533.48 | 279,226.38
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yunlng Tusided 5.4.3 ezl Ingudneuiieguuveuwaiimnzandigaidamisle Wy
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Huinasei awmdenguiineudiua 1,645 nguAmey fauansldlumsned 5-11

#19N7 5-11 ms1uaninguawmeviignandenlaneltuananimansiggagaidunas

Solutions | Cane Input | Growers’ Profits | Opportunity Losses | Environmental Impact
1 37,602.61 2,946.74 608,043.51 552,077.92
2 37,602.61 2,945.74 608,045.21 552,045.11
3 37,602.57 2,947.19 608,053.77 552,053.47
4 37,602.57 2,945.40 608,048.42 552,039.38
5 37,602.54 2,947.97 608,059.24 552,092.23
6 37,602.53 2,947.71 608,060.07 552,067.52
1,642 36,843.66 4,088.06 561,151.15 378,888.57
1,643 36,843.65 4,134.11 561,173.15 378,895.87
1,644 36,843.62 4,144.02 561,162.34 378,879.02
1,645 36,843.62 3,798.81 558,572.11 377,035.59
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#7197 5-12 msnuaninguameviignanidenlaeltaesingusyaiuna

Solutions | Cane Input | Growers’ Profits | Opportunity Losses | Environmental Impact
1 36,898.10 4,383.52 568,986.58 396,113.02
2 36,888.97 4,397.03 566,320.00 391,963.73
3 36,888.94 4,400.49 566,323.85 391,891.94
4 36,888.78 4,409.76 566,273.73 391,853.19
5 36,887.31 4,428.71 565,299.85 390,451.98
6 36,887.25 4,428.22 565,316.30 390,450.60
7 36,883.93 4,402.48 565,417.18 390,260.46
8 36,881.34 4,308.66 565,229.56 389,593.92
9 36,881.26 4,324.44 565,223.68 389,618.67
10 36,881.19 4311.11 565,246.99 389,608.17
11 36,881.10 4,321.12 565,259.18 389,581.24
12 36,880.07 4,320.47 564,741.60 388,924.99
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#1399 5-12 (da) ;5 nuaasnguemeuiignanidenlngliaesingssasaiuna

Solutions | Cane Input | Growers’ Profits | Opportunity Losses | Environmental Impact
13 36,879.81 4,335.50 564,787.75 388,932.89
14 36,879.60 4,327.59 564,829.12 388,906.74
15 36,878.20 4,295.03 564,345.82 388,226.86
16 36,878.16 4,295.45 564,354.62 388,209.14
17 36,877.81 4,293.74 564,401.56 388,177.35
18 36,849.11 4,499.09 564,065.32 382,681.57
19 36,848.95 4,499.81 564,100.53 382,695.37
20 36,848.56 4,355.77 562,664.04 381,135.37
21 36,848.26 4,322.48 562,721.63 381,106.52
22 36,847.80 4,453.62 563,811.01 382,202.59
23 36,847.80 4,453.40 563,808.19 382,205.08
24 36,845.15 4,402.01 561,706.87 379,622.19
25 36,845.13 4,353.32 561,679.12 379,513.71
26 36,843.95 4,367.65 561,339.48 378,998.92
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115097 5-13 MTNIUTIUTIUNALRAEUUUNA 18I U avalneRae T UNaIRag 9NN 1AM

AmauwuUIngUszavaledmsutiymuuinlng

Opportunity Environmental
Cane Input | Growers’ Profits
Losses Impact
Cane Input
37,602.61 2,946.74 608,043.51 552,077.92
(Ton-C.C.S)
Growers’ Profits
36,402.00 5,098.05 544,842.07 288,171.91
(Baht/Field)
Opportunity Losses
36,384.30 3,932.59 539,744.22 281,622.18
(Baht)
Environmental
36,368.14 4,164.01 541,864.75 279,329.73
Impact (KgCo,)
Average Output from
36,871.02 4,372.71 564,548.21 387,035.62
Multi-Objective
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MI5N7 5-14 MTNUTIUTIEUNARALUUUNA I8 I U ava lngRaL N UNAIRaE 2NN 1A

AImaULUUIngUszavaie g msulymvInna

Growers’ Opportunity Environmental
Cane Input
Profits Losses Impact

Cane Input

12,453.30 3,150.13 203,154.52 184,981.08
(Ton-C.C.S)
Growers’ Profits

12,088.52 5,019.70 183,782.62 105,182.68
(Baht/Field)
Opportunity Losses

12,039.66 3,802.70 179,510.71 92,915.32
(Baht)
Environmental Impact

12,034.93 4,130.54 180,148.38 92,470.34
(KgCo,)
Average Output from

12,259.89 4,448.45 187,959.46 137,922.29

Multi-Objective

MI5NT 5-15 MTNIUTIUTIEUNARASUUUNA I8 30U ava lneRae i UNaIRag NN 1AM

AweuuvyIngUsyavaidesdmsudymvuman

Growers’ Opportunity Environmental
Cane Input
Profits Losses Impact
Cane Input
5,886.71 5,862.74 85,733.29 51,625.91
(Ton-C.C.S)
Growers’ Profits
5,686.04 6,756.62 81,180.21 13,782.46
(Baht/Field)
Opportunity Losses
5678.77 5,946.33 79,465.19 11,036.51
(Baht)
Environmental
5,678.07 6,280.57 79,591.60 10,958.73
Impact (KgCo,)
Average Output from
5,823.37 6,233.14 85,260.57 40,664.28

Multi-Objective
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