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The transporting sugarcane from cane fields to a mill factory is a potential cost in sugarcane
logistics. The poorly operating vehicle (six-wheel truck) services and transportation lot size results in lost
or excess of cane supplied. In this paper, we consider the integrated districting problem of whole cane field
region and transportation lot size of each cane field. We formulate the combining two problems as two-
stage stochastic model. The sugarcane yield in harvesting season is a random variable with known discrete
distribution. The first stage, we determine the districts for each cane field. After, the harvesting sugarcane
realized the second stage we make decision for transportation lot size. We formulate the transportation lot
size as mixed integer programming model under a finite horizon during harvesting season of sugarcane.
The optimal approach is based on the scenario based method. The objective is to minimize the expected
overall cost integrated two stages. We investigate the model based on generating data. Numerical results

indicate that the model provides different optimal solution based on scenarios.



O DD,
N U
AAANT T T I e,
UNAATDNIY NG
UNARTODTHIDINNH ..ot
AT R e,
TTUTATTN Lo
TTUTUNIN Lo
4 .
NN L UMY e
ANUAAYUAZNNIVOITYNINITIVY ..o
[ 4 Aaw
QUTEAIRAUDINITIVY ...
VBUUAUDINTTIVY oo e
AUUAT IO TATINITIVY. ..o
P [ aw
U TN AT UDINMITIVY oo
ax o A aw A o < 9
ABMIANUUMNIIVG LAZADIUNINNTNAABYAVYBYA. ...,
~ =S Awv A A 9
VNN 2 NYURUATUITIMNIIVOT oo
A A 9
NOBRTUNGIUBY ..ot
Aa o d' d' 9
QIUIVITUDGIUDD .o,
A a0 A awv
VNN 3 IFOUHUDITIVY oo,
DAY TN TEUUMITUUTIDDY oo
Y v
auilsaes voulymimshmuanufvudaa Msdamsvuasdmiy
Y
QA IMATINIINID. .o
o a 4 o ¥ { [ @ [
uuuasanuasiamaasvestymimsmuuaiuivudaznsIamMsyuds
Y
FMTURATIMATIUIING e,
ax < Y
ABMITIAVTVUTIMUBLA .ot
~ a Y
VNN 4 WAMITUATIZHVOUD oo

4 ]
msadntoyaiosduiionaasuuuuiasineadinmani

NANITIVULALNITOTU T UINANTT IV e

2 = 2D

—_—

13
13

17

19
22
27
27
30



UNT S UNATU oo
AFUMANITIVY ..o
TOLAUBIUE ...

DITUNUNTU oottt

AIAHUIN L.t
UNANVUUTLYNIBINTTEAUUIIBIA oo,

UTEIAGIVY oo

34
34
35
36
38
39
50



A
ATTNN 1.1

A
AT NN 3.1

A
AT NN 3.2

A
AT NN 4.1

A
AT NN 4.2

A
AT NN 4.3

A
MNTNN 4.4

A
AT NN 4.5

A
AT NN 4.6

A
AT NN 4.7

A
AT NN 4.8

U
ﬁ]'ﬁﬂigﬂ]'ﬁ%‘l
Y
Hin
HAANTZEZIATNING VY LASZUNUMTAUNUITUADDA IATINIT IV, 4
Y A g Y = = o 9
ueratoyany ldvesszezmeninaniiseaso 9 an1filUda Teumlasdos
=\ [] <3 a
70 15U FLOZNIITHUISAUD LAEAT oo 22
A A a ds! a [ 9 1 1 A<
waaslSuamanaaninavuessveaas Isuasesslugsiaainieg iy
9 9 A R [] o
foya l1a1n 159UgATHNTTUNTUTNET HUIAU...ooooooeeeeeeeeeee 23
1 Y 1 1 Y a 1 %
uaaan lgrelumsvuas uazar 15918 1un1TNaR A0AU oo 27
HalS U UeINananI1u93 9 (@) Meldumunsuuas (Scenario) A1M31
1 9 1 ]
UAAE TH U AIDDY LADEB IR e 27
Y
R (NG G RN TR R L N AT TT LIS ok 1 1 (o RO 28
[ [ =] 1 @ [ [
uaaam 19918 UM TIAUSNEI108 AOAUADBIUIA e 28
] < a a a . 3 {
HEAd ANVUIILTUY0INITINANANAADII (Scenario) THAYNVINEIVDA 2
AVOI NN .o eeeee e 28
= asy o Bfl’ Aov A 1 9y
uanansfseumeuIsTMIMUUANUNS UAfYe ULazFuvHaInela
o~ 1 [] = 1o dy Ao A Y 1
aanmsain luuduey 7195 lumruanunsurasouneldanuiveu
~ Aa a I 9
Mwanana3 992U TUa T 0YaYALTN oo 29
uananamasvaInIaaaulataass lvuuilasdesuazsovuaalinuunas
d” l:'QJ =)
TUTTUNATOU oo e e s e e e e 30

d‘dd‘ d' 7 1 1 Y l
mewamaﬂmﬂﬂqmnmﬂuﬂ?mmmimum&maﬂ%uuﬂmaaﬂ e
' 4 o a a [ 1 I a
PFINLINT Lﬁ@ﬂ1ﬁuﬂ 3 yﬂ%’ayawawamid nuanuuztulumsinana

a a g < ' { .
AOAVIIIVUDIVN 3 Gljﬂéﬂj@y.a LﬂUﬂ13llﬂﬂLLﬂ\1!LUU“]f'J\1ﬁ Discrete(0.33, 0.33, 0.33) 30



€
=).
>

ean
=).
hat

=
=).

ot

€
=D.

€
=D.

WU
mﬁmymw
Y
Hin
1 4” d‘w a [ a 3 ti} d‘
HAAIMILINNUNTUAATDUYOINUIBNUT ORI VN U T U 10
UEAILNUAINTZUIUMS Inaveanuutaesszuudmsudammsdaaduls
9 v
NUNTUAAwOY (District) L TYMIVUIAUUEIT AU oo 16
Lg d' Y = 1
paAIMUNUNLLaoeToUY 15991UgAAHNTTY HAZIATDINIDATOUUA
AR <3
YOI YNNI UANEIUUIOUDN oo 27
dad Cawr Ao X o A 4
uaaInamasnangavosm lsneninayuanmsaaduly ludannaesves
' 9 A a Aa X ' S o = ] A
UAaEYATDYANANANIIINNATU TUFIGANVINITIL THIHUMIVUTINLAN
RN TR T T NIV [ Fon 20 L0 13 1 OO OO 31

QY Aa X v A ~ Y] A
uaaam lgnenmavu Tlumsaagulvawnnass Usznevlidre arldaelu
a 1 Y S o { 91 a g’/ 1 9
manan, Mlgaeglumanusne tazalymiglunishant veamazyatoya

v Y
NﬁWﬁWﬂﬁ\i“ﬁ@W%Lﬂﬂﬁu ............................................................................................ 32



L1 anudAgyuazinveslyriinidy

dl a a (% a £ d’ [

3 < 7w
AT INNITUUING Lﬂu@.ﬂﬁTﬁﬂﬁiM‘ﬂ AANANNUNINDAUVAUNI LWfJﬂ’ﬂuLﬂsﬁﬁ@ﬂﬁ1ﬁﬂiﬂJ

Q U a

¥ @ 4

a 4 @ I [ o 1 a o 1 a
U3 Inadug e dagtiudsema Inailuddeeenimansieselvgvesging iunkaasua
3 <3 a o Jd @ o a ¥ @ aw
malunaanundieenvanveslszma mswanuna lulagmsnan i'nJ“VI\iﬂﬁW@JuW%uﬂﬁ'ﬁ]ﬂ
a %’ 4 [ Y 1 [ a (% 4
ix‘mJwawiquﬁmﬂiiummaLﬁammmwuclummiaﬂ %QﬁWﬁﬂﬁZ‘ﬂ‘Uﬂ@ﬂ@ﬂﬂ1§ﬁ\1@@ﬂﬂﬁ§lﬂﬂl"l’]
g 4 H 1 o 3 Q'
swvesdszma auiumswautieasdunulugaamnismiana Saliaaudaylumsiy
v W 3 a 4
ﬂ'ﬂiJﬁﬁJﬁﬂGluﬂWiLLGINGUHGUfNEj{IJigﬂﬂﬂﬂ15f2ﬁﬁﬂﬂiihu1ﬁ1ﬁGlui‘lﬁWﬂIﬁﬂ %WﬂﬂW'i'JLﬂiTgﬁ@a]}unuﬂWi
a %,' Y T 9 1 A Y 1 a %’ o ]
AR UIa @IunuﬁluﬂWiﬂll‘!ﬁ\i@@ﬂ%1ﬂLl‘ﬁﬁQLW1$ﬂQﬂLW@ﬂ@uHﬂQﬂ§$U’JHﬂ13Wa¢luWﬂa STRRIILY

Y @

1 a a <
Aunuranluszuy TagUniu (Supply chain) 1az3gUVADIAANG (Logistics) YDIQATHNTTUDDOLAL

ov

'
Y =}

e MsnaurieassszuuMsyUdBoomszuDRlUszaninngs  linadodununs

Y S s 3
WaﬁuwnaL!ﬁ&WllﬁﬂElﬂWWGluﬂﬁll“ll\‘]"’llu"llﬂﬂEilﬂ‘izﬂ’é]‘]Jﬂﬁiﬁ\i\ﬂﬂ@@ﬁ?ﬁﬂiﬁﬂﬂ1ﬁ1ﬁ

901 dd‘g’J ' Y v 1 9 ]
Tssnugamnssuihamalulszmalne Inaseglndanuunaunizilgndos Taemawarian

d' 9y LY a U [ s 1 = d'
LW@ﬁﬂ@IHHUﬂﬁﬂluﬁi’mt}ﬂ‘iJmﬂLMﬁQLWWTJQﬂll‘]JENI’i\NWN Tseauazisanannme luuaagiline
a d'l [ a %} é a ds! ] d'ﬂ) a A (% 49{ 9 a
AUIATOIINTINAAUTING Gﬁﬂﬁ]%tﬂﬂﬂluiu%ﬂﬂq%ﬂWﬁﬂf]f]EJ@‘]JiJﬂ’NiJWﬂHQ’\‘lijﬂ N1ITVUYODYAD

Yo 1 42‘ (Y] (1 Y A 3 A o
Lﬂyﬂiﬂi%ﬂﬂwm@lﬂ‘u!,muéuu’agﬂummmwnu (CCS) v93008 !N@@@EIIWMNVI INHATINTISNING

v 9

: o ? T = Y vy o q Y1
ﬂ@@ﬂllﬁg"lluﬁﬂvlﬂEl\ﬂi\?\ﬂulﬂ@ﬂﬁﬂu‘ﬂ ’E'J’E'Jﬂﬂﬂﬂlla%ﬂll‘lﬁ\ia1“]51%57]111’1?]1?]31%??’3114 (CCS) amay
o Y ' ' v 9 @ 3 @ < Yo A
Lla$ﬂ11ﬁi1ﬂ1@l@ﬁuﬁﬂﬁﬂﬁﬂ ﬂ15ﬂIUﬁQ@@ﬂVlﬂENI'H'QQWHHWHQGI,uﬂ%‘QUH Lﬂ‘]&lﬂﬁﬂﬁﬂglﬂuﬂiﬂl’dﬂﬂf@ﬂ

1 Y U g’z 1 a %’ 9 A v Y = 1w
ﬂfl“lf%WEllLﬁgﬂWﬁGUuﬁ\‘]ﬂ\‘lﬁiJﬂ 1umwmqgmiwa@1mma ﬂ@ﬂﬂgﬂﬁﬂﬂgﬂﬂﬂﬁﬂﬂluulﬂﬁ\‘]ﬁl\‘lji\‘]\‘]'lu

¥ =L A Y o a A Y a 9 1 yd A A Yy A
WA WHIDUIINNVUDDYIIUIUNIN ﬂ@ﬂﬁﬂﬂ')!Wﬂﬂﬂu@@ElﬂULeln/c;fji\‘]\‘]'lualﬁlﬁ'lﬂijﬂl,waﬁlﬁ@@fl“VI

Y o

AaliA1AIUMIY (CCS) gega tpemninbasnsuaazuraunzilgnaesiimsvudedosau lidou

£

@ o ' 1 @ J J
Tsanudednes e lddunumsvuddeslugiggmadadosliaunugs  nagnsnssaugud

q U

9
= Y

& v Y a Ay o ? 1 9 1Y ¥

iﬂ‘UiinﬂLWfJ‘lﬂi‘U@@ElﬂﬂﬂllivlﬂﬁlﬂiﬂﬂuuWHﬁ ﬁuﬂiﬂ“l)”lilﬁﬂﬁu‘lﬁuﬂﬁmuﬁﬂ@@ﬁlllﬂ BNITNNIT

4 A v 9 o = a o w a o Yy 9 o
mumaaamaﬂauqiawmwaam NU G]NZJ1ﬂlﬂuﬂTsNﬂTﬁWaWUﬂﬂjiﬂﬂ1uﬂ11ﬁnﬂﬂﬂﬁ]1u’3un1ﬂ

9 1 9 a Yo A A 1 = 1 Y
@mmﬂummmmgﬂizmumﬁwaﬂ"lﬂ‘ﬂuw HAANISNUADNTFYLTIAINITNTINU (CCS) v9390Y
o & o ti’ 9 Y = ' Y A Y Y [
ﬂﬂuuﬂﬁi‘ﬂ%@@@ﬂﬂ%@mﬂuﬂ15ﬂi$ﬁ1u\ﬂu§$1’i"ﬂ\1TiNTL!ﬂﬂlﬂﬁﬂiﬂilWﬂﬁlﬁﬁﬂﬂﬂﬁ@Qﬂ‘ULLNuﬂﬁ

NANUDI 159971



v ' 4 U 2
NuRiDlhimsfnyszuvvudedoaiotowdig Issnugadmnssuaa - Taens
o J J @ 4 J 1 o
Wmuﬁ%‘ﬂ‘ﬂﬂﬁ"’lluﬁ\iéj@EIMﬂvlihlﬂﬁNIi\‘lﬂuﬁl’lﬂﬂuﬁlﬁ’luﬁﬂﬂﬁinﬂ ﬂ’dEJTI‘ﬁﬂTi!L‘U\‘]TGBHLLazfﬂifﬂ‘ﬁuﬂ
' 1 a 4 v J J
mamwnqﬂmuﬁﬂﬂm agasnd (Districts) ﬂl@ﬂllﬁﬁ\‘]&‘l"lﬁﬂ@ﬂgﬂﬁl HASNAYNTNITINUNUNITUUT

| 1 J o 901 o v o
gou  lTuusazgana aasangnmanudes 9nlslldslsemmhaa  Tassinadausonssyn

=

g A & o) vy A Qyvy a o Y 1 a "
MINUA 11LﬂTﬁNW&!W@ﬁﬂ@unuﬂWiﬂIUﬁﬂfJ@El!LamWE)Gh’i'@’ﬂﬂﬂUﬂﬂﬂﬁﬂﬂ@ulﬂJWQﬂigﬂ’JuﬂﬁW'GWI’EJEIN

U

=<

1 o w a v Aa T a3 1 o v A o 1

Meanenamaimsnan maaaulantailuaesaan Ao aannnilaimsaaaula Tasfvuauaas

T & 1 a 4 . . < 1 a I o
Tyuswnguiluvauazvouwavesngu lsunso  Adaand  (Districts) BILAAZATAIATUTIUIU

o o A vy A Y Y1 o A ' M '
sousInInaieyudsdos e ld lamdmnga vesszezmalumsyuasgunulSuavuds uag
A Jn Y1 'o ~ o =) a d'gll Ay o Y ] ,:'9} a 1 =
o ld ldmmngavesiiufaasadniiua - mssemuuald  sanaindesavnnuaa 13l

< $ o g’/ Awv o o

ANUNINIHINZAULAZEVTONVINEY dnsomuuald  vonaniuudd mMsI9edimilennny

1 & 1 a ¥ A 3 A Yy A '
u'lsi]glﬂullﬂﬂquqsua\‘]ﬂgu']mwaWaﬁ@@ﬂﬂﬂ'Iﬂ’J'uJ1’1’3']1!“41]WgﬁN!lazﬁquqiﬂlﬂ(ﬂlﬂﬂ’]Ulﬂ UAANAI

i
=

@ 1 1 ~ 4 A ) 9y a o 9 A
ﬂualmmazuli TANNT D %qﬂﬂi$ﬁ\1ﬂ"ll’t’]\3ﬁm1/lﬂﬁﬂ\1 LW?J“I/]ﬂWLﬂﬂWﬁﬂWVliQQﬁ:fﬂﬂJ@Qf)@ﬂﬂNWu
a I a o 4 %} Y 1 dy v Aa A "9 '
ﬂizmumiwamﬂuwammmmma"l@ Glumuuﬁﬂaﬂmimmi’ammumwumaaﬂmmaﬂmu
! ' o Y A A Y ' @ %} v 1
UAASPINLIAN Iﬂﬂfﬂ‘ﬁuﬂﬂ?uTﬂl@@fJ“I/]!Wlﬂ$ﬁll‘1/ﬁ]$@’l’t)\‘]ﬂluﬁﬂulﬂﬂﬂiiQQWHHWHQ Glmmaz‘mmm
9 a 1 1 Y a = a o’d‘w a g’; (="}
@@ﬂﬂﬂﬁmﬂhliﬁulﬁﬂgﬂﬂluﬁiiﬂElcl‘lfﬂiﬂﬁifl‘ﬂiﬁnﬂﬁﬂﬂﬂﬁ@l'ﬁﬂﬁﬂiﬂﬂﬂ“ﬁ@‘ﬂi“ﬁuuuﬂ ‘Vﬂﬂl’llIL‘WENWfJ
[ Y A = a s A Yy 9 ' Y o a0 FAl
llll?ﬂllﬁﬂGl‘lﬁJifniﬁﬂUﬁi?;lﬂﬂ']ﬂﬂﬁ@]iﬂﬁﬁ)u‘] llﬂ @]@Qiﬂﬂ]ﬂﬁﬂiﬂ%’)\ﬂ?ﬁWﬂﬂqﬂ %mJﬂﬂWmEﬂuﬂﬁ
a =} ?,‘, @ J Y o a v o R R 9 o w o w a A
AUNWINTDIUUU ul“lJENlli VINHUAUBDINTIUIY  LITATTNINUDITNAVDINTONINTITNAN IO
Y Y a ' [ o Y = A @ ] '
@If]\‘lﬂWifJfJElﬂ‘UéU’E)\‘]Ii\‘]ﬂu Glmmazmmamaammu ﬂTﬁuﬂGlfVillﬂWiLﬂﬂﬂﬂﬂﬂQﬂ@]ﬂllﬁg%\JQﬂ‘lluﬁxi
o v a3 a Y Y A J Y o
NWENTB'\NTH ﬂ'ﬁﬂﬁﬂE]ﬂﬁ]ﬂlﬂ‘U‘U‘iL’Jﬂ!jclfullﬂﬁQﬂ@ﬂﬂl@\ilﬂ‘ﬂﬂﬁﬂﬁllﬂ LW@ifJﬂWiﬂluﬁiiﬁ“B’Nmﬁ1ﬂﬂul“lJ

o R =K = ' Y Ao & 9 o [ ' @
mmmmmﬁqtymammmmmmmaafmﬁ]ﬂmuwuﬂiwmmmuwﬂummamﬂ”lﬂ
(Y] J av
1.2 ’Jﬂt;lﬂﬁ%ﬁﬂﬂ‘ll@ﬁﬂ1§?im

A 9 [ 1 Y Y I A a 1 ¥ o o A
1.2.1 weldeunsamvuauaas Tauswnudiuddeiad ld  tazdmuasiuiusoussnni
Y Y 1 = a J A o s A 9N Y1 Y1 o A
iadss IMuaazaanind laelinglszasaive ]y ldmldaiemnga
d' Y "9 1 o 1 ] =
1.2.2 weldawnsanumumsvuddesuaaz Toulldilseann  Tuuaazsanainaoaggi
Y 9 A v & A o Y a v 9 o A ?,‘, 1 1 g’; 9 1
ooold Taolidngiszasaiomldnanam ldaelumsduiunmsauamsvuds awnsznidosru

Aa I~ Aa o o %} Y
AszuIUMIHaaluNdasaaianald
1.3 Y2 UIUAYDINISIVY

H Y
1.3.1 nanlFlumsvudennuaas Taulldalssnuaiuegnuszez maszrnauaas Tau 16

W2 o @ < A
Ts90u ulﬂJﬁuﬂ‘UfnﬁllﬂiWusllf]\‘lﬂ'l'mlﬁ'ﬂUﬂWTNGUfJ\‘]ﬁﬂﬂﬁi‘l’]ﬂ‘ﬂ%ﬂﬁﬂﬂ/‘lﬂ1ﬁ]5']5]§"Uu‘ﬁf)\1ﬂuu



132 masmswanvesIssnulinnuuiueu linnsansrnarlumsseuusiiguniotnsy
a d’! 1 1 1 ddy o = d’ a v
mevued1e iudueu (nsaill mwnsorhinAnyuweveenanuIteluowIag)
133 N139UUIAUBITUTINALUVUIARED taziTIUIUTING
A g a A Y <3 A < ~ A [ 9 1a
1.3.4 iledesaviianunionlumsinume) aansamnunenieyudsldassamunar hivosan
VY A a A A A A o "9 ) o < A 9
ANuAININANNUI UK oIRs ol oI 0ains lunfeud msumsinuneidos
A v ¥y A I 4 Yy Vo9 ]y s v Y
1.3.5 wnsanmsaadeaioinunes udalildvuds desgninulinulasdosvesleumlasdos

(3

a A 4 {o o @ {
Taginsani lvuulasdos Tnuntanuifisanedmsudosignda
Y

1.3.6 MIANMIANINTZUUMIVUEAId0sNui93 9910 T5auiaansdiany
3 9 A A 9 ° A s D) A Y A
1.3.7 nudeyassaiie lsmaaeuuuuiiasinendamans 1nveyagananveosll 2558-2559

o o a J o a 3
mmsnadeutuuTasInaliamaninuToyassn Issanuima
1.4 auuAgIMvealnIansidy

o v 9 Y a ' o A J
1.4.1 inannudesmsdosanluuaas Iuetoug I
K A kY ! <3 Y = o K A o
142 Wumwzilgndesgnuisesniulsunlades imsmvuaiuiuaas Tau
I3 ' = a g 1 Y ) o 9
143 awnsohmuasnnaiinanansesTuuaas Taulimanunnumanzandmsuiowsd
glsaam’la
v A R a 9 ! o 1 <
144 wawnmeaninile warndadesanuaaz lau mawnsomvuaanuihnziiuvesSuw
Y a Aq ¥ 1 [ 1 = I [
govaun IfANur U auvewaaz Txulunaazagisa Tanyuzitumsuanuasuus
Y] ~ [ = 9 [ 9 % Y 1
145 awsoirenaiuineuddoslunaas Tsuzdesgnaanazdordiglsanumely
1 A o o A 9 i l S A
Fenammua Hue deseglurinaingniainumne)
1.4.6 dumennlsenulddumaumzilgndosuaas Tsunaz  idunisoinuaas TauladaTan
d‘ = = o 1 a a
ouq Tidumafed wagnsulSnuszeznemuInnnmazAgn ao9aga
o ¥ o J
147 100 WIUTOUITNITINVOIGUITOUTINN

v
¢

1.6 UszlarinlasuainmIdy

Y v
1.6.1 ldumumsaagulalunssanmsinunlideounaz lausmnwiudaasad Taolinadnim
° ' Y 19 ' o 2
igavesszeznlumsvudsguivlFinalumsvudidesninuaay Teulldalssaiaa

¥ Vo9 Y ) a g Y o
1.6.2 "lmmumimumaaa Llﬁgllwuﬂﬁﬁl%iﬂﬂiinﬂ@lﬁﬂﬂ‘lﬁ\‘]ﬂﬂﬂWﬁﬁﬂ@@ﬂ IﬂﬂiﬁﬂﬁﬂqugQQﬂ



£y J 9 ' a 9 a Y 9 < Jq 9 ° a 4
1.6.3 ﬂﬁWQ@Qﬂﬂ’J’quﬁliWNLLﬁ$LﬁﬁNﬂUWNqillﬂNGlﬁlﬂliJllﬂlﬂﬁlUﬂWiﬂﬁgQﬂﬂcl“lﬂlﬂ‘ﬂﬁna@QﬂmﬁﬁWﬂﬁi
@ v 9
ﬂﬂﬁmﬁWﬂ’liﬂlu’ﬁﬁ@@ﬂ
9 ° a P a o U a
1.6.4 ﬁ13J'lﬁﬂﬁi’l\‘]l!’l]’l]Ftna@QﬂmﬁﬁWﬁﬂiﬂNfni'Jl,ﬂﬁ"lgWig‘U‘UﬂiUuﬁWﬂ'liEUUﬁ\‘]’f)f)ﬁlﬂi\‘] Lag
o Y 9 A g Y a = o G A A
ﬂﬂﬁ’ammumamm&l%y.a‘nm‘uUlmii mmmmuﬂﬂﬂizQﬂﬁcl“vﬁluizuumum@w] NnuIZUYY
Tamindinesnuls
G

@ J Ay o A v W g @
1.6.5 a3ulomauagianienanuinumsitesuiivauldnuindniniszaulsyaas

[ v a KR 9
uazizﬂuummmﬂyﬂﬂ

1.7 FEMIniiumsIte uazamuiinmsnaseyifudeya

< 1 1 @ % Y
1.7.1 fnmuazinudeyaszuuaudesosnn s lldslseahamaludegiiu Tasnmsdn i
1 1 1] 90’
WAneY aeunWToyaTzUDIUEININMNenuiy 15 Tssnuhmansaiinu
= v v Au A A 9
1.7.2 AMIAUANILALIIUTINIUIVENNIVD
Y o Aa J = a J Yy a o A
173 aiuuuiassatiamanitdymaanind laslisaesdand lauaaana lsunsui
o a Jd o <3 o )
1.7.4 nadounuusiassndamdaainuiymvuiaan Taehmsaddeyaiuinlaons
MvuansunuaIa s g
1< 9 a A o 1 1 VA A Y 9 SR
1.7.5 nusnsiudoya ied udashuviiwouaag Ishilusmudsdoodnlssaunsaidny
VS mavues (1) $29021M88Tin NN TUHINZ dN SIUIUTAUTINN
] 1 9 I ,ﬁ’ A = [ Aa 1 Y I Y
1.7.6 niwa lidesesnuiunfmaeuvinabn Asendn Tsuwlasdes nudoyaszes
nmamsvuasnnuaas Isulasdes ldalsaanu
Y 1 9 ] 1 9 3 o 9 Y v FIA
1.7.7 srwswdpyan lgnglumsvues arlgnglumsinuinydssnin lssanu mlsaely

9 o

a ¥ P qur A ¥ A \ Yo A g Y a 3
NITHNANUINA uazﬂﬂ%maauq i'JiJ‘VIﬁ‘llﬁ]llﬁﬂ']vl'iﬂﬂTQ'J'mZUlﬂﬁUmﬂﬂﬂﬁlmﬂ’g’ﬂig‘ﬂ'JuﬂWiNﬁ@]uW]’lﬁ

U

o a J v <] o 1 { 2
1.7.8 nagouuuuNaosnaamaasnuurivuiamn ﬂﬂﬂﬂﬁ@ﬂﬂﬂ%ﬁ]uﬁ@u“ﬁﬁ%ﬁﬂéﬁu

g U

MINN 1.1 BAAITZEZIAIMINGIY LAZUHUMTAULUNIUARDA IATINTIVY

A
HHUATAML U U

112(3|14|5(6|7|8|9(10|11]12

= S 9 vo9
1. ANYILASINUUDYATEUVUIUAIDDY

= 9 ) Av A a 9
2. ANHIAUAIULALTIVIINAIUIVYNLNYIUDI

Y o a J 2 a d 9
3. f’fSNLL‘]J‘]Jﬁ]”lﬂ@\iﬂﬂl@]ﬂ”lﬁ@]iﬂiyﬁ"lﬂﬁﬁiﬂﬁ Tagly

axy a o A
Taesaana lauaaana 11sunsuua




URUMTANH LY

=
DU

10(11

o a @ I
4. ‘nﬂﬁamm‘umamﬂﬂl@lﬁ”lﬁ@ﬁﬂﬂﬂigﬁﬁl!”lﬂtﬂﬂ

< 9 aa o ] 1 1
5.NUIIVIINVDYA WD memgmuwaumaﬂi

Aa v 9 9
TI?JLLN‘L!?N@@EJHHT?NWH

' vy g A A4 4 3 A
6. LL‘]JQlﬂlﬁlliﬂﬂﬂﬂﬂﬂlﬂu‘wuﬂﬁl‘ﬁﬂ‘(’Jllallu"lﬂmﬂ N
=} 1 < 9 [ [
138NN TC])’L! NUUBPATLYSNNNITUUTINNUARL

Taruangalseau

7. 5905w doyan 19918m199

o a @ <
8. ﬂﬂﬁ@ﬂ!tﬂﬂﬁ]”la@ﬂﬂm@]ﬁ”lﬁ@%Iﬂ‘]_lﬂiy,ﬁ"l"l]lﬂﬂlaﬂ

a =X 9 g’/ = 9 o
9. agliazenilsenan1sINe WToNNUAITEUAURIT
A 1T AaAa L =)
B AANLN IUNTET Lazleus1891Y

mmﬁ'nﬁﬁﬁmua ADIUITBLUAS WAL UNT.




=h.

unn 2

¥

I a 1-1' t-ﬁ' k4
NHHHYUASIIHIVGNNYIVO

a o [ %} { 4 g’/ [ [ [

msaaszidonmsvuduiiaanite  Neuiosauanszuiumsvuddos g lseau
ti'l o %} % = £ a 9 d‘
gaannssuieimalsgliiaa anvazvealyianuulsduvesnananiSnaeesnmizilgn
A v A 1 Y =\ ~ 1 a3 A

iiosnnanmeime wagtlateous dewalimanaumumnzalgn Jlemaioz Liduldamuwuiio

v Yy A ? Aq ¥ a A ~ v ¥ A
0113 Psmnmdesnauysel Nldanunnugega eniimsaaamaousininuwu 13 filuGeanm

[ g’/ dy a A =\ o a d 9 asy
pazlsna asiuluuni seginsanluizes ngullumsiiaesszuunindiameans A1e75 aoda
a o A 3 . = Qddy o ]
wna lauagana 1Usunsuig (Two — Stage Stochastic Programming) GN’Jﬁmmemm‘U‘]jﬂJUﬁWﬂ’vabJ

1 a A a dal ~ 4 1 < a 9 g’z

uUUBUVRIHANAS NNATY Tagnisiausamamasinnuiiziluvessuananaald vonainiu

v 9 = 1

a a ! A o a Jd [ @ (%
LLE%I’JﬂﬁWfﬂﬁﬂ!N']u’J El“ﬁl?]il’)sll’tlﬂ llWﬁ@]ﬂﬂﬁﬁ%}NLL‘U'Umﬁ@ﬁﬂNﬂmﬂﬁWﬁﬁ‘iwuﬂu Glu“l’i"l"’ﬁjﬂﬂﬂvlﬂ 131

v 9 1

NITUNUITBNNIV o uImalumsaiuuuieesymszuumsyudsdosdng

U

Ii\i\ﬂl!@?lﬁﬁ”iﬂiﬁﬂ

Y

A A
2.1 QUMDY
a o A
gosaand lauagana 1Usunsuile (Two — Stage Stochastic Programming)
a o A a o v Aa ]
Tumadosmand lauaadna ldsunsuialagmasgiu (1] mwnsanaulsaagulanug
I 1 Y o o 3’, v Aa 1w
ponidlu 2 ngu laun dwlsamnusn wagdwlsamndes lumanusniumsdaaduloadaunls
v A a dal J A o 1 a 14 I A a 42‘ a A o 1 ] a da!
aagulunaiunoundulsgumnsimesignsumnmaruie  Wemgmsainnu luuiuewneiu
Y [ J o Aa o Y R v A A a da! A )=\ v o
187 msdsummsaniiumsamnsai lamumdulsaadulennavulumanass ¥se Soni1 @
4 {0 1 { A 2 o 4 o ?,’,
u153A9IN (Recourse variables) i ldmefimaiu wanmsvediaesnamnsnililszgnd lana
A a . . A o <
TuealdsunsuiiaBadunss  (Linear  programming)  1u@aTUIunsudiesuIu@y  (Integer
. 1 a3 a 9 . .
programming) uaﬂm@aiﬂﬁuﬂﬁu"lmﬂummumq (Non - linear programming)
a o A
sUsvvaumMsmesIuveaedand lauaadna 1sunsuiie
Min, ¢ x+ E[Q(x,£(W))] 2.1)
Subject to Ax=Db x>0
N33 Q(x,£(W)) Ao MAANgAvoIyHIAANTD
Min, qy (2.2)
Subject to TX+Wy=h y=>0



A K I J @ v A J v a
NEI x U y lflJuL'JﬂW]’f]3ﬂlﬂﬂﬂﬂllﬂﬁﬂﬂﬁu1ﬁ]ﬁmﬂlliﬂ L!,azmuﬂmﬂﬁuﬁli]ﬁmwﬁm

o w 3 Y 1 { I 1 1 [
ey Tymassmandesiuegnuavestoya  &=(q,hTW) Axeawnsodlumguld

v o Jo

o < 1A ' g a <
AN NUDITUNIT (2.1) LﬂUﬂ1ﬂﬁiJW14‘ﬁﬂ‘1Jﬂ15l!‘ﬂﬂL!ﬁ]\iﬂ’JHJUTﬂ%L“IJHGU’ENf(W)LlI@Iﬁﬂ“]f T and W

1 a 4 a . . 2 L 4 .
ORI WA NFINALA (Technological matric) 39 AINTIADIN (Recourse matric) ﬂtymmwﬁm

o w J

a 1 v A a d’! a9 v A dal "o

(2.2) wrenmnsannsanlugiemilivnnevu Tagivedinavesmdadulavusgnuauns Tx=h

=) thi' ! U d‘ ti' a 1 ] td' a dal a A

Hideait uanannuioudaslymninsananu bimiveufadiy  ABANsanusn 151
a 1 I v 4 { & a A o a o . . .
HFanMILanuIaNNiztuiuaoiion IFIMIBUNNTNFUFIAIAY (Numerical integration)
an Y R o Y Qddy o YR A A a é’ a 1 = v & o 1
Fmaddedneudedstazdins By Tumandvmnatdymauineaiuase uavaz@eanuniillg
anuenlunmsmulramnmaouvedyml dIMIVITNIUITNTY 131018 MInosanulewien
a 2 . AKX o 1A | da 1 ' .
INAVYY  (Scenario — based approach) wmmuﬂiqmwmimnﬂumcﬂmﬁmmqmmuw (Discrete

o

Y o axd A 9 A ~q ° A A o a P
events) UDIAITEVYANVDITYU A v IviHiuaN 19 lumsauIale UM IUIUNITHNDSN
a ] [ 1A o @ o ~ a ds! . A g Y
Ha luudueu msuvnuaauUguiinsTInaTIuIUKANIZINATY (Outcomes or Scenarios) Mtiu'la) 14
{ { o v o ] I @ g’/
1 K039 & =(q,h, T, W,) duiusnuanuunziu p, asiugums 2.1) uaz (2.2) dunsndou

] I Ja a J 5 .h. . [ -
Tmi @ ulymamesiiadndauga (Deterministic equivalent problem) tarasaaae 111l

K
Minxxyl ----- Yk CTX+Z pkql—yk (23)
k=1
Subject to Ax=Db
TkX+Vvkyk:hK k:1525"~5K
x>0,y 20 k=1,2,...,.K

4 % 3 a A a o A 3 I 4
&ﬁ@\i%1ﬂﬂ’)1ﬂ“ﬁﬂ“§@ullﬁ$fﬂﬂ%u"ll@\?ﬂ'lﬁ’élu‘ﬂ!,ﬂiﬂl,‘lf\‘mf]mﬂlllﬁgﬂTﬁLWNﬁuLLUUL@ﬂ%IﬂLHH

=1 @ ] d' @ 1 A da! é Y~ 1 ] o o é
L“ﬁﬁlaﬁluﬂlu1ﬂﬂ’l’6ElN“lWI’JLL“IJi%jiJLWiJiﬂﬂ"’UH 1519919535 M5 Uszanamusie lumsauiaAsne U

[

§9nu 11 A3 mIUszananunten10819 (Sample  average approximation (SAA) method) 151811150

@enuauns el
vV, = minch+iZQ(x,§k) (2.4)
xe X N keN

] @ ° A J a < < = 1
ﬂ'liﬂﬁgu']mﬂ']ﬂ'lﬂﬁqflell@QLLUU%'I'ﬁ@QﬂﬂW]ﬁ']ﬁ@Iﬁ leﬂaﬁiﬂllﬂﬁﬂﬂﬂ Iﬂﬂﬂ?hlﬂlﬁﬂﬂ'n

a

' 9 Jaa < v A X e
Jyn1NgnAes (True problem) ewnsaudtymlasldamoiitadndoanoinuld (Deterministic

algorithms)

U

a d'd‘ %
2.2 \MHIDESNUNYIVON

Aa v 1y dyd' 9 [ o A d' 1 9 d'
ﬂmﬁ]ﬂauuummmmﬂ‘uﬂ1muummimimmimuma@&mﬂuﬂmﬂgﬂmmmymﬂﬁ W®

9 2 o < a o 73 A g a ]
ﬂ’aumn Ii\‘l\‘]’lﬂ@ﬁ]ﬁWﬁﬂﬁiNUW@ﬂﬁ mmiuﬂigﬂlﬂuwa@ﬂmmmma AW INNT LU 52IN

[

g
a =
NTUHIIEN

{ A 9 ' PR v v A vy
merosmman oy widldilu 3 dszandymvang dude Jawmmsvudsdos

o a 4 . R
(Transporting sugarcane problem), ﬂiy?imﬁmﬁuﬂaﬁﬂiﬂﬁ (Districting problem 4@ ﬂtywmm’d



a o A o @ v . . . .
wna lauagana 1Usunsuied S VVUIAMIVUES (stochastic programming for transporting lot size)

Tagosuneamudaulszmnnilymdnau

nuedm Inginerteswnulymnmsuudedoodig 1seugaamnssu wMNUA

Ao a 1 1< { a A av
UBULVAUBINIUINY IﬂﬂWﬁ]ﬁﬂHﬂi‘gﬁﬂu‘H’Nﬂﬂlﬂﬂlﬁﬁl’]ﬂﬁwaﬁ’g@ﬂ Liuﬁmmnamm Diaz and Perez
a "9 A A Iy Y1 9 ~ 'o A a Y o w A ]

(2] W%ﬁﬂﬂi%ﬂﬂﬂluﬁ\‘]E)E)EJL‘WE)ﬂ‘ﬂgalﬁllﬂﬂﬂ%%1ﬂﬂﬁ1ﬂq¢] TagN 51U 31NA 1UI509NISINTTS
% PP [] [] o w ax a o Yas o 1 . . 9 1 ] 1
NINGINTUNUBDYDYTIVINA 5N 159100952 VY AON Higgins et al. [3] ﬂiUﬂ?Qﬁ’J\‘]IGﬂﬂmﬂW

a3 { a J o o 1% a3 {
mmﬂizmumimmﬁmwawa@lé’aauazizumum Iﬂﬁlﬁ%NﬁﬁWﬂLmU%WﬁﬁNﬁWﬁ'i‘U‘ig‘U‘UﬂTiLﬂ‘U!ﬁEJ’]
1 a o 4 a a 4 o A 1 [
uawumé’aa IﬂﬁlW‘ﬂﬁﬂ!ﬁ}ﬂﬂi%ﬁﬁﬂiut%@ﬁﬂNﬂ']ﬁNu HAZUATICUHATUAUNTITAUUUINUTIUNY

] 4
NIAANEIINTTIURATINNTIN INUANIINT Milan et al. [4] Wnauedymmsvuddoodng

U

o w ! J a J

Tsenugaamnssumeldvasinanatoedislngldisnuasiasmans  daouines Idsunsulias

Y
v A

1#UA59 (Mixed integer linear programming model) 411398RTVHNITUINTIAMITNMITAUTOUAY
v A a @ A 1 4
@UNMSUUEY,  WITAININTTUNTANDDOUAZIAUNIINITIUDITUUEIdes  Iaeligallszden
A Iy Y1 9 ~ 'c A 1 a a %’ 9y =~
ol lamlFnesaundinga aoun Grunow et al. [5] WOITRUAUMTNAAYOUIIAA00Y TAl)
A I ¥ o A A A Y o a A A = dsf "o o Y
ithmneie 19 Idszuumsdniivanundngs maldsanmswaaiaed Feduegnuonimsiloudos
1 ao o ::9’ 4 o v <
g Tsenugaamnssy widenuitidhmnememivmuanmsnauwumizlgndosmagunumsny
d‘ Y d‘ @ Aa o 1 ] ]
(medvesnulatilgnueanyasng myanvesnuIe gy Tsglmuvesszuums
Y Y Y
AMHIUMIHANIINa008 WAILIUL 1AY Piewthongngam et al. [6] 113TeR1VH TaN1T 1 UHUAIT1
2 A P Y o Y Yo A 7
MazgnuazmsmnuneIBesIguuuIIatlayniInlg Taesl¥5ms lsunsunendlamans
. . =\ A A I Y o a 901 Y A ~ A a dy
(Mathematical programming) Hyailszasade e 1d laoasimsnaathmadesiuiniiga mu@unni
a v k) o oA . a o '
ave ldvene 1y Tudymimsmdmisimngay (Location problem) TagHa15amId Lm0
Y
TRUUAY (Vehicle stations) LAY ANNNNS 08 (Load-unload stations) MATERtUINNTMITaasT 19
v Yo 1 ) A s A YY1 QI Ao A Y a Ao A
doalinuuavzanriinndos Taeligailszasamold lam ldneidinga s2unituamundnga Tag
A Y VAo 1 Y =y A Ao ¥ 1 < U [
i ldnelumsvudeanduaza ldnelumsgudolsnunandaididie egnlsnaw daulng)
vy 9y 1 A A 4 A v A v Y 1 A A
Tymmsvudedoodiglssauinsaniuimizlgnidesiounanandoodig Tsenu Tagsauiui

o

g g X Aa A 0 1A ) vy 9 1
NINVAT UNUNRYD L!ﬁguﬂ'ﬁﬂ’l?‘iuﬂﬁﬂﬂluﬁ\iﬂ%'lﬂﬂﬁluﬂWflsﬁGUUﬁ\‘]@@81%1@'15@@1”@@3ﬁ1ﬁﬂ53ﬂ

-1

9 Y Y a

o Aa 4 { U= A o w
W uennnanyuzavuAg Nt AU auudgiulusewewnanlFlumsvuaaniluasdidny
o Y] o o o A "9 9 a [ {’,‘, d' I Y o w d'
Fmsumaiuuiiasamsautiumsvuassos Il ldausse  auiune 19 lawasinaluiseanains
[ [ Y v U=~ A o w A Y Y J Y A
yuas Mauamsznulinusovuaailuasdiny melvianuauaalumslssovuaslnunnga
a o o dy Jya d' dyﬂJ Y o a [ d‘ d‘ =
ateatuil ldnnsanisesiidie  Taost lawanuuiAalumsdsldgessvuienansofnsou
o A Y 9 J = A A Y 1 o W yYa
Mmoo ldiunMInszaemsldsavuas Fawanavuiae lanarlumsvudasiing Iassldnasan
] Li’ d'o/ a 1 1 % d’d o d' o 1 = thdy
MIMNNUNTUAASOY VoITDVUAUAAZAY YULNINIMUUAATDIUNAWHINAD1UI0ATD I

o Y = v Y v J 1 @ P Y A o 3 A Y o w
ﬂﬂﬁmummmmwmﬂwﬂmﬂmumgmazﬂu"lﬂ“lﬂmﬂmﬂu LﬂWﬁNWﬂﬂlW@iﬁNﬂﬁmﬂﬂl’mWl’fN



1 J [ 1 1 [ %} a
iﬂﬂluﬂﬂl!ﬁagﬂuﬁluﬂﬁﬂluﬁi’gﬂElmﬂlmﬁzuﬂa\‘]ﬂZjlﬂhl‘l]ﬂﬁIiQQ1HQ@ﬁ1ﬁﬂiiNu1@1ﬁ TINRTTUNG
J 1 4” Ao a J . .. A [ a A v 9
gNTMILUINUNITUAATOUUDITOVUAI (Districting strategy) L“IN’EJ“lJi‘]J‘IJ';:\iﬂizﬁﬂ‘ﬁﬂWW‘i%UUﬂluﬁﬂ@@ﬂ

J 3
Lﬁ1g1ﬂﬂu@ﬁﬁ1ﬁﬂiﬁﬂu1ﬁ1a

A aw o = a 4 . .. O PEL
l,ﬁiJLL'iﬂGU’EN\‘ﬂu’JﬂElﬂﬂluﬁ1ﬂ15ﬂ1ﬁuﬂﬂﬁ@]iﬂﬁ (Districting Problem) ﬂi%EJﬂﬂﬁl‘b'GlL!ﬂuin‘U

2 v
UINIT (Service system) Hess et al. [7] AUDNUITYTLUUMIIANUNAIAATLIUMITID (Police patrol

v A

42 X do a ¥ 1 < A 4 <3 ~ J =2 A . .
system) “]5\1‘1/‘!1!1’1ﬁ‘UWﬂ“ﬁﬂﬂﬂﬂﬁuﬂ%ggﬂLLUQ@@ﬂLﬂHWHﬂiUNWK@ULaﬂc] 138N ATNIAN  (Districts)

Y] [

s A o o A a as a o a a J
i]qﬂﬂi%?NﬂL‘WfJ‘IJ3‘U‘iJ§Qﬂﬁﬂ1luuﬂ1u%ﬂﬂﬁ$ﬂﬂﬂiﬂﬁ 5M 390 IaeNAUILULTIa9I0 UNIDS

v i
o A

A s A 1 1
TUsunsuile  (Integer programming model) IasligalszasaiiommNdNgAUDINATINTZEZN

C)

[ 1 1 Li’ A A o ) = a 4 Y v A A [ Y o [
serINuRaznienuleMruaiuIuaaasadiny msdadulene mstamsdsznnsldinuua

v 9 =~

= a J av @ dyd Y = Jgata a a o .. o o
ALATATAT IUIVYRVUUNANHULANIAAINUIIUUD Gass [8] G]f\ﬂ‘]f’)‘ﬁﬁ’)ﬁﬁﬂﬂﬁ (Heuristic) #1151

(% tg A [ J | Y o o a a o A
ﬂi‘l{jﬁ?ﬂWi‘ﬂﬂWHﬂﬁ1@@]33!"31!%'13'3% ?931 Bertolazzi et al. [9] VlﬂWGJJHWL!‘U’UFmﬁf)\‘lf)uﬂﬁ]ﬂiiﬂillﬂihﬂﬂ

o

o o = a J . .. =\ s A 1A
(Integer programming model) ﬁ1ﬁiﬂﬂﬂgﬂ1ﬂﬁﬁiﬂﬁ (Districting problem) Iﬂﬂhi}ﬂﬂﬁzﬁdﬂlﬁ@ﬂmm

1] 9 1] 1]
NgAYDINATINITZIZNIAUAUNNIINUADLHUIBNUN VUL NIANUANAAVDINTZOIUVDIUARZ AR

a J v A

A @ 9 = o 1 v = a J o Y J
Ind mm@ﬁu%% ﬂ']ﬁﬂﬂﬁﬁﬁﬂ'ﬂll@’E'Nfﬂﬁ‘ﬂﬁﬂ1§"lﬂﬂ\‘]lmﬁ$ﬁu’<]ﬂ@ﬁﬁiﬂﬁ ﬁ’lﬁﬁﬂﬂ’lﬁﬂi$ﬁ!ﬂ@]ﬂiy‘ﬁ1

=S a Y [ 9 . a =) a ¢ A 1 9 ~ 'o A
AAATATNUIT VUM IVUAWAY  Marlin  [10] W%'liil!1ﬂﬂg°ﬁ1ﬂﬁ@'ﬁﬂﬁlW@‘ﬁWﬂﬂ“ﬁ%W‘ﬂGﬂﬂQ’ﬂiuﬂTﬁ

[ @

a v A [ ¥ 'o; a | a o a ya 1 'o
@une msdaduliie midaiunsuAasouliuaazaansad uITealulnNTaNAvELIIARIEA

[

v Aa v a 4 a ] o a
Llagﬁ;Nﬁ:fWUf)\‘lNﬁ'i')llfl1i$i‘ﬂWﬂ“ﬁ@ﬂﬂl@ﬁlma%aﬁﬁiﬂﬁ N5) ElulﬁjwGMUWLLUU%1Q@QLGHQL&IN@]§Q

(Linear programming model) Fleischmann and Paraschis [11] ﬁmum1u3§”&1ﬂmum?1m§ﬂéfﬁm%’u

v A a a [ o A A I'4 A 4
@f]ﬂLL‘U’UL"U@]ﬁ‘UWWB@’U‘U@QQWH‘Uiﬂ1iﬂﬂﬂﬁuﬁﬁ 1ﬁwmu1llﬂﬂﬂ1ﬁﬂﬂﬂuﬂL‘ﬂ@iTﬂil!ﬂﬁJﬂJ\‘] ﬂﬂﬂigﬁ\‘lﬂ

4 A6 A A o v ' Jd A & Lo
Lﬁ@ﬁ1ﬂ1ﬁﬂ1ﬁq@ﬂlﬂ\‘lNﬁi’)ﬂﬂ$LLUH"U@\?Naﬁﬂm“ﬂﬂ‘ﬂi$sz“I/]N‘i$T‘i’J'NﬁHEJ‘Uiﬂﬁﬂﬁsll']ﬂulﬂﬂ\‘lﬂuﬂﬂ@ﬂ
o Y a Y 1 a o Jd o [ aw A (% = a J ddy ..
TUIVVIITUMUADSHAAN DN ﬁTﬁ‘i‘U\’ﬂ“L!’Ji]ﬂ!ﬂﬂﬁﬂﬂﬁmﬂTﬂﬁ@iﬂﬁﬂWﬂﬁlu 5 11U Geroliminis et al.

@ a o a a a
[12] UlﬁW@llﬂﬂfgﬁWaﬁﬁ‘iﬂﬁjﬂﬂWﬂ15m1ﬂ13ﬂﬁ$%']EJﬂ'J']iJGT@Qﬂﬁ'UiﬂWiL!ﬁgﬂ’Ning}fNﬂWiiJﬁﬂ']ﬁLL‘U‘U

& 9 o a ] <3 d‘ 1 ] Y a = [ ] d‘d

mmnmﬂﬂiuimm LlfU‘U%1@1@\17\!%'lﬁfl!']ﬂ'J']iJLﬂ%%LﬂuﬂﬁWﬁu’Jﬁlﬁl‘ﬁ‘UiﬂWiﬂJI@ﬂ']ﬁubJ’N\‘]GluG]S’J\WIiJ

Y
o a o a 1 a [ (% a 4
ﬂ’JHJgI}fNﬂﬁLEﬁIHﬂ LL‘U‘Uiﬂﬁ’éN“W%1ﬁﬂ!1fJ@]i1fﬂiGlﬁ"]Jifﬂ'iEU’EJ\1“ri"L!’JEl“]Jiﬂﬁﬁuﬂﬂuiﬁmmﬂﬁ%ﬂaﬁ@liﬂﬁ

a o

o ' a ° ° a A I'4 A Aa
LLa%uIﬂUWUﬂWiﬁ]ﬂﬁuﬂﬂ’UﬁﬂWﬁ \‘1'11!'3’1]Elu%ﬁuml“ﬂﬂﬁﬂaﬂﬂﬂuﬂlfﬂﬂﬁiﬂﬁlmﬁﬂﬂﬂiﬂElWi]1§fl!1ﬁ$'1J'1J

uadned 11 1uTuea

o @ aw a J o a a 4 .
dmfuanuitelymaaasad luilagi 90U IMeTIWUSYes Damitha Bandara [13] 14

4

o o a o a J . .. o
HWLﬁHfJL!U‘U‘1]1?;1’E]\‘W]Nﬂfl!ﬂﬁWﬁﬁi’]jﬂlUWWﬂWiﬂ1ﬁuﬂaﬁﬂiﬂﬁ (Districting Problem) Iﬂﬂllﬁlwa']IiJlﬂﬁ

Y Aa J a

msdangu Teuvesszuums 1dusmsvuasdiiegnay (Emergency Medical Service, EMS) 1iio

v y
= a J

[N~ ao @ a ' v A ] <] y ]
sanutuagasad \‘l'lU’Jﬁ]Elﬂ“]J“]JﬁflﬁiJiJﬁﬁWu’N ﬁu‘ﬁim%ammﬁmmm ?JL?]?JL?J?( MNUUAYNLLU

k4
A A

3 >~ A Y IS A J v a A o 1 Y
’EJ’EJﬂlﬂuwu‘ﬂﬁlﬁaﬁmﬂ@ﬁﬁﬂlu1ﬂmﬂliﬁlﬂ"ﬂ Iclﬂ! (Zone) ﬂ15§lﬂﬁuﬁl%ﬂ@ ﬂ13ﬂ1ﬁuﬂl!ﬁﬁ31“ﬁui’)ﬂﬂu



10

I A a 4 A 1 =) a 4 A o a Y Aa o w 9 Y Aa 1 = a 4
Wuaaasad Iﬂﬂﬂllﬂﬁ$ﬂﬁ@]iﬂﬁ MﬂWUﬂuﬁﬂﬂﬂmuﬁl‘ﬂUiﬂﬁmﬂﬂ L!ﬂiﬁﬂiﬂﬁuﬂﬂwaluﬂﬁﬂiﬂﬁ
=) o J g’z Aav A s A o Aq Y1 W Y KX Y A a

RYINUMUU \‘lTLlTi]EliJ‘Qﬂ1Ji%ﬁﬁﬂLWfJﬂ?ﬂWﬂﬂU‘ﬂiﬁﬂ1ﬂﬁi1ﬂﬁﬂﬂﬂﬂQﬂ’)ﬁlﬂ1ﬂﬂ’s§fﬂﬂ]@ﬁiﬂﬂﬂmu

a J

A o ) v v a A 4 .
molunamiviue Tastinauemsuntymiaroounwes 1sunsuledluma (Integer Programming

=

< ' X Ao a 3 g & dd 4 da ' o _a
Model) gﬂﬂ'lWﬂ 2.1 UAAIMITUINWUNSURAvoUNIMNA uNUNTIMasuNGen N oy A1e5u1e

a 14 o a J o a Jd o o 0 -
WTﬂum’E]ﬂlﬁ3LL‘]J‘U%1ﬁ@\?ﬂNﬂﬂl@]ﬁWﬁ@lﬁﬂlﬂﬂﬂﬂJﬁTﬂWiﬂ1ﬁuﬂaﬁﬁiﬂﬁ mmuamﬁ@"lﬂﬁ

1 2
P e
3 4
r_ﬁ: i 5r'*M. 3 7 S-"‘.'-E a 10
. &= = =
3 51 12 13 14 15 16
:’ui 17 18 19 21:;_-3-;_#{21 b
pL 24 25 25 27 3
Service region Service region is partitioned into square
cells of demand zones
A 1 g Ao A [] a I j’ A
gﬂ‘ﬂ 2.1 memmmwumuwmammﬁmmmmgﬂmmﬂuwuﬂcﬁu
o a a 14
ADTUWRNITININDT

no ey

o = a d' 1 aA a Y Aa é [
m  Swvamisagnau lasiudazamtiusagnmulnusmsrileay
° A a ¢44g v
suvaaasad nilu'll Idnvua
sragn1eaIn leu i lldiamiisonninu
a,  szoznan o TeaTau /

A TIWIUANNABIMITORNIRUYR T i

9 o 9
IEAVDITVDYAUNUUT
N={il:il=1,2,3,...,n}
M={j:j=1,2,3,...,m}

K={k:k=1,2,3,. K}

awlslunmsaaaula

a J

Y a . o Y a A Ao
Xjk =1 D13DRNRU j Qﬂﬂ1ﬁuﬂﬁlﬁﬂiﬂ1iwuﬂﬂﬁﬂﬁﬂﬁk

A
0 dug



11

v, = 1  disegnidunng idaaiiegidaasad k amnsadhdedioelan i melunai
MruA
0 duq
z, =1 dmualdla oglufiviiaansag «
0 duq
D, = 1 ddmualdlan i uaz Tou sedluiuiiaansad &
0 duq

LL‘U‘UﬁWﬂENT]Nﬂiﬁ@]ﬂWﬁ@]%

' K
aumaithvine mndesviga >
k=1

>

K n n
Zhdinijk + Zzzan D (2.5

i=1 j=1 k=1i=1 I>i
AuMIiesng
m K
DY 21 Viel (2.6)
j=1 k=1
K .
D> X, =1 Vjed (2.7)
k=1
> X, 22 vke K (2.8)
=1
Yie < X vkeK,vjed, Viel (2.9)
>z,.=1 vkeK (2.10)
i=1
Zy + Xy =Yy <1 vkeK,Vjed, viel (2.11)
D, <Z, vkeK,Vilel izl (2.12)
X i» Zy Yy, Dy € 0,23 vkeK,¥jed, Viel (2.13)

A VA Y A v Aa v ' !
aumsthvnomemmntesngavesmsaaaduly Tasaumsdsznoudeassdiu dauusn
I [ a %} % ] a o
Wusaswmszezng Taownsuniminnnlau i lddaoiisonniu j Taeduimszeznienn
1 o = A a g’x 1 =) a d A @ 1 ~ I 1
uaaz Touldaoriisogninunatedlu Adeiadiferny tazdruiasuiluszeznesiuszringes
{ 1 a o [ o w 4 [] v 1
Tyufeglufdasadifedrny aumsdeiing (2.6) welduilyldnluudez Teu awnsogmdndelag
a v 9 2 o A o Y o w A Y ] Y a 1 19
sopnRuetoonilsaumelunanmuue aumsdedina (2.7) e lnuile lansonnRuuaagzau
o Y A = a d Y o w A Y v Y1 A a ' Y o 1 =
gniaduiisaRaasadined dumsdoting (2.8) e ldmilylantsonniuedinios 2 aulunaaza
A o Y o o A q o Y1 Y Y . Y = v a . P
ansnd aumsdetiing (2.9) welduulalanddihelsn i gididedesonnau j aelunan
o 1 = a o 9 a ] Y a 4 Y o @ A 9y
mvuauaz To i od lUAAAIAT & uaI30NDY /j 3QRIANAAAIAT &k duN13T091AA (2.10) tHB 1H
1 Y . = 9 =\ = a L= Y o w A Y 1 Y . =\
uilaId N Tou i gniiad liiesRansndifen aumsdosing (2.11) e lduile 1491 Tau i nazaondl
a ] =) a d A o ) o Y o w A Y 1 Y =
sopnau j ogluRaasadifennu d1wsy aumsdeding (2.12) uaz (2.13) e linileldn b, Tisn

1w 4 g 1 1w
IMNDUE 0109 Z, ez Z, Aunny 1



12

(% 1

Au A [ o a J = a Aa 4 A g o 9
NUIVBNYINVUVUIQ 09 lAUATANT HU18D9 9117 Elmmiwﬁﬂmummmmyamwm

U

= 1 [l 1 4 9 Y a ax Y k4
szuuiianyluniveu uamwnsomamsaigiuuyldondeyanmiuun Bms Tumsud lvilymidae
as a J o a A o U . . 1 VA Y (%
B TAUAAANTYDITIUIUNANNTOIIUIUVUE (Stochastic lot size) AU TvaReIvoInUTRHIN1T19
a d"Q a [ 4 1 ] a o 14 ~ 9 I [ .
MINan Ty UNIUINAAAUNVINNNHTINAAA LN TAgNANVABINITIT UHUFY (Multiple
o w 4 o w a [ L4 av
products with random demand) Taelito91NAITeIMaINITHANUBINT NEINTAL T1UIFBUD Sox et al.
a o w 1 o a o { Y a 4
[14] Ansandesinail lutlynt Taeldvhsiusavdeyanuiseiinertesnulymalauaaandves
o a ' a o <
NIRRT INNAA (Stochastic lot scheduling problem) #1891 Beraldi et al. [15] amiwﬁﬂmummumm
a 4 @ 4 [} 1 Aa o Y o a
nanuuAs0snsvIUMeldanumsainu hindueu vuasel IdaduuiiaeInedadoya s
(% J d'd o Y Y d' = 1 Aa o d' d'
NIRUANYUzaA19e AlmImivua ldaraniunenfSeuouumunaazgluny auidsdug 7
A 9 v ax 1% Y an a ¢ ax a A
Moo uAsMsud lulymdiedsd lauagand laamwizdisdosaand lauadand 11sunsuii
(Two-stage stochastic programming model) d5uilgyimsvuds laimsnasaluaultoves Li
Y
et al. [16] MMATERNUTRITALUUTIa0 TN 3vudalas A998 (Network problem) 1ag
AnsanlumsmvuataassninensieliATaUAQUADAIINABINIT AONT Winands [17] Wudue
Aoy o [ o a ) @ a 4 a
FIWIWNUIeA T UL UTaeamInaauuulszndadmsudyma launadndueansnan

aov 1

a o dy Y ~ (% a [~ Y [ 1
el lanathmnelundymimstanszuaumswan azmiu ldnauiseamIvgdyminisvuas

A a a o 1a A UL @ 1 i‘ A

‘VIWi]”lim”lﬁﬂ"IWﬂin”ILL‘U‘]Jf’fimlﬂﬁ@ﬂE‘TIlﬂJWi]"ISm"I!ﬁ?N"'IJU"Iﬂfﬂislluﬁ'\ﬁ’nlﬂ‘]Jﬂi}J)‘]ri”lﬂ"liLﬂNW‘u‘ﬂ

F4 ¥ 1

TUNAYDUUDITOUUN Lmﬁlmmnwmmauuﬁ"lﬁjwmimﬁm@miwmiﬂmum Tﬂammmﬁuﬁ
a 1 a 1 o a 4 J 1

ﬁJwswa‘usumiawmuazwmimwmﬂmsmummqﬂué’amﬁaﬂam%’wgisqqmqmmﬂiiuumm

o Y 1 ) @ A J = o o
wa‘wﬂmmmﬁu@aﬂ?mmmimmummmuﬂﬁmmamumﬂﬁzmmﬂm AMUIUNAYAU

a v o dy a 4 1 3 d'q.z a ] d' Y
QuATERUl mwnsamsszgnatymmisuieinnsuraseuvessavuds e ldlums
¥ o LY 9 2 v &4
aSHausaeslymmsvudedosdnglssnugaamnssuthana 51 1dveedymimsuiaiun
v a v 4 o j‘ 'W a 1 % o
SUAATOUVDY Bandara [13] TasmswannluGesmsmivuaiiuniuAayeusmnumsmmuaug
1 ?X’/ 3 1 U 1 4 1 %’
yudaniounssaasssnvudeldnuuaazinlasigndesidestlowing Issnugaamnssmiva Tag
=\ J :'4 o Y a 1 v 1 Y :: ~ d" 9 a o =\ [
Hyalszasdmioildinammandimldaeangas  vonnniiudr uITeveusLANVLANAININ
a o v dy ~ a ~ Y A 9 a 9 a
muAtemwzneudiageil mmasanszuuilndifesanmmnedonssaealymdienmsinsanan
1 I~ { a 1 [l 1 . 4 { o
unziluiulanlgndes wiinandnsostlowing Issamldmiveu FungmsainhldnswlSuw
A ' A aygyy o 3 o v v A da oy v
wandndos lunaazulasinga ldvzimevurdinszuaumaudamimsudsiuiiseudoonds Tasly
1 o ' j‘ 'zy a v o [ 9 v !
uaazhsnnzshmsuiaiunsuRayeu wasmhmsmvuauwumamzlgndmiunaazuilag
1 Y 9
wandanuaazuawwdnla szlinawliniveu Yueganmermaluihiug wu dwluandes 5w
Yy & 9 0w o A g 9 ) A 9 Y 1 'Y
sognniendmsumsdaiedouTssnufzdos uazmnaindensziondiglsenvazaidn
! 4 o [ v 3 '
ponll uadSumduun desindoudmSumsdanvziivsunamniu wazwiomdrglsenuly

[ A X
FIIATNETIVU



4
UNN 3
IEMIAUTUNIUIY

a 9

A Y < o Aa v W 3 v 9y A
lu@\iﬂ'lf]@@ﬂlﬂuﬂﬂq@ﬂﬂuﬂ?quﬁ1ﬂ uﬂﬂji\‘]\‘]'lu@.@lﬁ']ﬁﬂﬁiuu']@na FEUUNTVUNIDDYLND

=KX A 1

HouTsenulurnndesavldnnunnugaadinadolszansnmvesszuunansmueslsenu  na
4 4 A T 9 a 1 ] A a A [ 9
gnsm3sugudsoussnmieruasdesaunls ldiTsenuaunsamulszaninmlumsvudd
a o ] dya o A 19 = a 1 tg ~ A
NUIRTUUNNIATZVUMITINGUITOUTININOMIVUTI008 Taslauuagiuniuimizlgni
< 1w a = ' I N = v 2 A o A A 1
Aunvaviagavveslsany  Imsuiseeniulsuzimmasuiasa  Faumsmvuanunuaag ey
@ Lg A v o 4 @ 4 J
szoznnnTssnu ldsmuiuaaz Tau  Auunngaguinaisveslssnlldgaguinalcveua
Y a a o o 4
azloulagldmauazaga avsAga uazszezniennlaulldilay Muluszezneaingaguinals
1 1 a a 1 Y Ay A ] U I
youaaz Ivulagldmauazaga aosagamuny msdsennsautslymimsyudsdossomilu 2
= an Y o v A
aon JUN 3.1 waaddsms lumsuntym lestinaueukunmuaainszuiums lunsaaaulaves
Yymmsvudidos aanusn N13amnuan1ssungy IsuneInaveUIUANIYUES 1AaNqY
' a 4 o o { J ! o
TyuiSoni1 Adasad (Districts) MUUATIUIUIODIINNNANTDVUAIGEINUAAS Tasu T1daTs a0
A o o w o ' o C4 a A a dsl
huusina  Susausinn luuaas Tsummua laemanmsallSnanaanagaganainsamnayy
] 4 J J @ 1 a 4 1
Turranar melFlumsvuasdesnn lslldilsenu sovsinnlunrazfansadannsnvudedosnn
J @ a J Y J a <A o 1
lsldaTssnulufansadifernu uazannsnlslumsvuddosnnaansadou ludalseanu luld
A~ a c'g’J A o (= o [ Y o = a é’ kY
eddasaduulTIuTaUsTINn liiieane szshimsvudslirwadaly Feawnsonadulau
] . . dy Aa o ya 1 3 9 A A
F291981 (Time period) UBNINLNUIY IdNnsanaNuhziluvesfSunadesavilinnnumnu
' A 1 a ' & ' Y 1A
wimnzawluaaz TowetougTsenu  TasnsananuinzdunnusvesSundosainlsn
Y, Y 2 a s A v QYo A y a
wiowvzdlowdngTIssau lusmanusnil HyadszasAmoandunumsvudelddmigs vasnmanaa

a

a dsl 9 d' Y 1 1 ] a v A d‘
AUNAVU (ﬂ?mmaawﬁmmﬁmuﬂﬂmmazmmm) Li']Wﬁﬂiﬂﬂﬂ']ﬁﬂﬂﬁuiﬁ]ﬂlﬂﬂﬁm‘lﬂ‘nﬁ@ﬁ
v A d’ U Y J J ] o 9 d' d‘
ﬂﬁuGlﬂLimmmmmumimuma@a“lmmaﬂcvu LA T INLIN Tﬂﬂﬂmuﬂﬂ?mmaawmmzaw

Y U @ ¥ = s A o 9y a 1 Y1 Ao A ao Y o
i]mewum"lﬂaﬂiwmmma Iﬂﬁmﬂﬂﬂﬁ%ﬂ'\‘lﬂlW’é]ﬂﬂﬁLﬂﬂﬂﬂ“]fﬂWﬂﬂ@ﬂﬂtjﬂ ummqmm%"lﬂm

9 @ ° a J ya a d A a J J
ﬂ13ﬂ'ﬁNﬂﬁllﬂﬂ%1ﬁ@iﬂ1@ﬂﬂl@lﬁ1ﬁ@lﬁiﬂElal“]ﬂ‘ﬁﬂﬁ’JLﬂﬁgﬁﬂﬂJuﬁ1ﬁ®\1ﬁm1fl WBANITIENISUUVUEI

Y 9 Y = a v Y
doet19AU Taeliduuagiuvesszuunaasluiite 3.1
3.1 anlsgszuumsvuasdes

danvazveslymszuumsvuasdeaiiotowdg Issnuganamnssunnsan Iassauulag
dosinlaedy Tasidenn Tsunilaidos (Cane field zones) uaag Ixunlaidoslinananainng

=2~ ° < a o Y 1 a 1 3
waﬂgﬂ G]Nllﬂ'lﬁﬂ'lﬁu@llwuﬂ'lﬁw\ngﬂgﬂlﬂuﬁuu@]ﬂ']uu']lm']@;’ﬁguu LﬂW%ﬁmWNnmLﬂU’iw



14

(%% d 1 @ 4 a J { U
dei  (Time period) ueazsedlaiaziinanannnuaas Taunasosindentowdnglsanu
{ & 1 [} a X { 1 a 1
gaainssy  naslianu limivewnadu  Temanudas Tvunlasdes s limanaa luduldaw
a A any Y VY ' S o ax
uwumsinzilgn  TeelSuamanaaninga ldawnsomamsel laaseanuinzilu - dnvazdtinig
o A o J Y 9y 9 v A 1 g Ao A
Auiina 1519mssungy Tsunilasdos (Cane field zones) 198N UFINT1 NUNTUAAYOL
4 1
(District) tUUTIABIVzABINIMIMMUANUNTURATOUVDITDVUAWAAZAY LAz MUUAVIAYUET
. . ad o Y o a J = a
(Transportation lot size) 35 msud Lty 14 Taemsaduuuiiaesnendiacneaai Tnslaunagiu

Y
YOITLVUAIND 1)1l

o [ Y Y 9 @ A 9 =\ @ [ = 1
o MsmuuasItlatwosineny lasuasnlidveufeInuIzgnIwnu Gonn o
Y 3 J 1 9
11129908 (Cane field zone) tazMuuagaguUInanveuaas Ixunilaivos
a %’ o
o fmualdnansanszuulszneudls Tssnuganamnssuiamaiiuiu 1 Tseau
' Y Y o [ LA 3}_, 1 Aa
o unazlxunilavos (Cane field zone) THdqyanyal i, i = 1, 2,..., n A30IUTNMU TAsTOV 159U
¥ A A o v Y
gAANITNINAIA Taet » Ao 11U Tsunilasdosniviua
a R A 1 = 9 Y o [ 4
o ITINNTAITLUUMIVUAIFIN  FoVUdIHTszan (50U5In 6 ao) Midyanyaluedsn
U] .. ~ A o v g
vuauilug,j=1,2...,7 1as0 J A0 NUIUTDUUFINIHUA
A A 9 = A o ST A Y 1
o ioiuAuvest  vzlimsmmuaumumamnzilgn Tasunumszdgnitludeyaniowdg
' P - Y Y v 3 A a 9
szun uaaz launlasdos wliuwuifSunaunizign iarih neuggmsinuineimandndoy
= o a J = ) a 4 9 2 A o
DY 13192INMIAATIEHILVY FawuTaendamaniszgnasnviemmasylunms
v g § lo A { o
52 Tsunilasdos whdrefuiluiiunsuRayeu (District) &, & = 1, 2,..., K 1ag K Ao 311474
A deo A 2
NUNTUAAFOUNINUA
2 ] Y
o 15MLINMIMUUATIUIY K WUNTUAASDY LAz IUYBITOVUFL TINAIADIUTNIDATO 151
@ 1 9y ] = 2 dy < 9y 9
winasssnvudyliunuaazanitivensn nanuaiiiludoyatouinszuy
v Aa o a 4 o ) [
o nusandulaludmnusn (First stage: FS) UUUTIQ0IANAMTATIZINITMAUATATTT 15U
Y 9 1 1 i‘ Av A 9 [ 1 Y v [ k) A
wilagdeelvinueaznunsudavey  wieudaasssavudslinuusaz Isuuilawes vauenl
o @ o 1 { 1 [ @ 1 : I~ H
MINNATILIUTDVUAWAZADIUNVOATOVDITDVUAWATLAY  NOUNMANVINGINZUID
g 1 a 1 9 1 1 é 1 1
519263 lunulsnarananveasazua Tsudes luuaazaanal e linivey

o w

o itmuald RN z = @) 2, 2,) N 1592ABIVAATT Irunados (Cane field

]
a

. Y o i‘ S o . .
zone) i InuNuNSUAaYe (District) k&

o Y o AR 9 Y] [ A Y v [ &’ ~
o IMMUATH WATIAR x = (s Xpenns 1) NI 1T12ADIVATTTTOVUS j TN DUAAZ LN

FURAYDU (District) k

AR Y o [

o imuald AR ¥ = (s Yy 2,0 NV 1302ABITAATITOVUES j TiNRIINS

1 a 9 a Y . o @ i‘ Av A A Y
YUAINAHAND08ATN Tutasdo i AMNTUNUNTUNAYDD & LW@ﬂ’E]ML“U"IQIiNWH

%‘ 1 k) . = A J sld' [ !
2AMIHMNITUUING Lmazimuuﬂmaaa 1 il%llﬂ”lilaﬂﬂiﬂﬂluﬁ\‘lmwwlhmﬂ‘ﬂ”Iﬂ”li“]JLl?N Tﬂfl



15

= v ' R o A U a g Y 4
pnlsnvudIIINNHAuNa s nvudInanandosan lsunlasdes i 18 uaz Teuwlas
9 L 1 d' A d' 1 9 ] dy d’o} a . . = (%

908 i NUIDVUTINYNITONINOVUAIIZADIDY TUNUNTUNAATOD (District) k 1ABINY
o Y 1 < % L4 A A o v y
mvualiuaazsanat Wludlam 4 1= 1, 2,..., 7 Tagh T Ao Iugnamvue USuw

a ' Y & o o v Vo9 1 Y
nanaauaaz Tauunasdoatluduou du szdesvududng lssnugadvinssuiea 1714

| o o a 3 '0 90’
ganedo MAINIHAATLMYDY153IUgANA AT TV
1 3 A = v A A J 1 ' a
gy vzlinsaaaulaluFesmsvuds luudazyisnai s r=1,2,..., T Tnowanae
v Y
Ysuudesn lddmiuaas Tsuulados i mavuuvugy Taemmua wasina 0 = (0.,
AR I o o Y A v o A 1 %’ A
O.perr ©,) NHI TUTIUIUAUVDIDDINNTOUAAND AN TIINUGATHNITVUING NYIIAN £
NAIINNIIWHANAAT 1IR3 9IMNTIaT  15IMMua  waiing  duSuuaazuRuMsIUEa
. AL A v 2 & X Vo a 4
(Scenario) , [ = 1, 2,..., L 1% L D SIUIUMHUMTVUAININUA F9U0gAUUTIIMHANEATN
a X a2 ° ' ' . v < 1 < 1
MATUITI MIMAUAUAAZLHUNTUUAL  (Scenario) / Nanvuziluanuiezilunuyuyis
a 3
(Discrete distribution) lag Tematnaiiu &

v A { o J o .
m3yaadulalu amniaess (Second stage: SS) 131MMUATADINOAFY (Recourse action) W30
v A A 9 A Y v 9 1 g‘/ U .
madadulaluFeslounilaswosnazdvsdadosazyuas N5 uIUMsvuUds (Lot size)

A o a 14 Y ° A
A Gopeos Qypeos @ Oypreees Oyoen 0.) TABNUUVTINOIANAMAATIZADIAO VAN NGO T
Y Ay (% U J @
niladvendosnnauazyuds LAz YUIAMIUYUE (A1)
9 o a 9 ! Y A~ o A 3 A Y A J
dmsuiSinunanandosuaas launasdesnimadaiio ladua uda hifimsvudalu
! g’/ Y < Y a Y & A I < o o 1
Faamug  szdesgniny Husnamladyudes dalialdaelumsny dmsunaas Tau
Y = 1 9 < I 1 o [ ] 9 o Y Y <]
wilasdos e ldnelumuny duumdoduderianar Taedoyariudialdaelunisny
A0 hypyeis hpyeois by Oy O r 0 dWSULAAE Tuntlasdos 7 15192 liioynnaldil
19 <3 o Py Y A v Y v ~ g 1 v Y
msvudesos lhinuwn Hnawmihlssu wie ganindeeas i lilsganndesnieluTay
uilasdos
Ao A A J a3 Y A ) [ 1
wamasnanga luiFesvinavuawazUSnamsinuvesdssngndadmsuuaas Taunilas
soodmiuuaazyanm  gnaadulylusaniass  salUtimsaaaulitaasssouuas

1 A

oldlumsvudesan Tsumlasdos lddalsanuuaazaanar  TaendSuaueasovudll
o w a Li’ o d‘ F) é =) v A 1 dy d’ tg d‘
Wnada  Tagdsiugiumaoun ldonn manusn siimsaadulanouiiluiGes wud
v A . . [} 9 1 9 1 1 4" d'cu a d’é
SURA¥DOU (District) HAENITIAATS IsuulasopsuazsovuasliunuaasNuUNTURAYOD NI
% v A A % [ <3 a 1
awdsaagulolumanusn Ae aws x » z vaz anwivzdulumsnatrumsvuds
. =2 A a ! A o v A A A o
(Scenario) & il Tematfauuugy vazidwlsaaaulaluamaniaes as muualfum
yuduazivuasolumsvuds uaaz Isunlasdos uaazsrawnar syanaliuelsuuilag

g8 919 liimsvuas s lsenu uaazsranald



16

° a G4 a A
Lﬁulﬁjﬁ%}%‘ll!’ﬂ’ﬂ‘mﬁ’E]\‘W]Nﬂﬂ!ﬂﬁWﬁﬁm"ll@\iﬁ@\‘]ﬁl@mﬁimlﬂﬁﬂﬂﬁjﬂilmiﬂuﬂ (Two-stage
[}
stochastic programming model) 5INNTUITM IR Taeds umumimumgﬂuwmm G?Qﬂdju’e]g
% a a Ay v a3 A 1 ' o dy o
ﬂ’U‘lﬁ'iﬂﬂlNaWﬁﬁ%iﬂﬂqﬂiuQﬂﬂWamU!ﬂﬂﬁ 1u1t@1azmma1 GluﬂWiﬂ'lﬂWﬂﬂUGll@\iﬁﬂJuﬁWu [IINIYUR
@ J a 9 a 1 9 1 ' <
@]’Jllﬂiijllllﬁﬂ\iﬂﬁll%ﬂllﬂ\‘llﬁﬂWﬂ!NﬁW'GWI’EJ’EJﬂﬂﬂﬂlﬁ]ﬂ!t@]ﬁgicﬁullﬂﬁﬁ’ﬁ@ﬂ ueazwIwal  Wumsuan
' =2 Yo vy Y = = v A Ay A ?
HIILVUYIN BIJANHUSNITHINLI m”lﬂmﬂmagaﬁlu@ﬂm slUﬁL@]ﬂLLiﬂ LiWﬂJﬂWi@lﬂﬁuﬁl%‘ﬂQUﬂ 33
2 Y (R ° X do a = g
Lﬂﬂﬁ@lﬂl!ﬁ“ﬁ’)\‘llﬂa'lﬂWi'JNLLWUﬂ"ﬁLW']%“]JQﬂ IﬂﬂﬂWﬁuﬂWHﬂﬁUWﬂ‘B@U G]NL“IJ'HﬂWiﬁ'JﬂJ“HﬁWEIG] I“]ﬂ!Llf]Jﬁ\i
Yy Y Yo Y v 9 vy 1 A do  a L o s A
99YUINIYNU Llag‘ﬂﬂﬁiﬁiﬂmuax‘lﬁlﬁﬂUtLﬁa%WHﬂiUNﬁWB@H mmmﬂumm@ﬁuiuiuﬁmmmam
=R a di’ [ A Ay Y 1 < ~ v 9
%Qtﬂﬂﬂlﬂﬁﬁﬂ%Wﬂ“ﬂiWUiﬁiNWﬂ!WﬁWaﬁ“VlVlﬂlma3‘B’NL'JﬁW]ﬁ@ﬂq@ﬂWiLﬂU!ﬂﬂﬁﬂl@ﬂl!ﬁﬁgIcﬁullﬂa\‘]ﬂ@ﬂ
A o a P dy I A a a 14 A . .
Gluﬁlﬁ“lfl“lflﬁﬂ\‘l LL'U‘U%1'ﬁ'ENﬂﬂl@]fﬂﬁ@]iﬂﬁiNﬂJuLﬂulmﬂNﬂ@uﬂ!ﬁ]@ijﬂillﬂiuux‘] (Mixed integer
. o I o 4 1 o
programming model) IﬂEJL!‘U\‘]‘B'J\?L'JﬁWﬂﬁ’éJﬂﬂWi'JNlmulﬂu edlant msvuasszmviualsu
[ ] U Y 1 Y [ 1 4 a o @ dy A
VYU Llﬁg‘ﬂﬂﬁiﬁiﬂml‘!ﬁ\‘lﬁlﬁ ﬂlaqgmaﬂmuuﬂm@aa UAQZYINLIAN ﬂﬂﬂﬁ%ﬁﬂﬂmﬂﬂﬂuaﬁ]ﬂﬂﬂﬂu N
° X Ao a ) Hq 9o v 1 QY o A
UUNUNTNIUUANUNTUNAYDULLAZUVUIANITUUTAIDDY ‘1/1Gl‘ﬁﬂ1ﬂWﬂT‘i’J\iﬂﬂ“ﬁ%1ﬂﬁﬂﬂJﬂﬂ1ﬂq9 Iﬂﬂ
1 FA 9 v 9 U U %’ @ = é’ 1o 9y
ﬂﬂ“ﬁ%1ﬁlﬁ'§ﬂﬂﬁ$ﬂﬂ‘ﬂ@'§ﬂ ﬂﬂ‘]f*mﬂcluﬂﬁ"llut’f\‘] (ﬂTLHlIUiﬂcﬂﬂﬂluﬂgﬂﬂig831’]1\‘]%1ﬂ1%’1&&£ﬂﬁ\‘1@@8 vlflJ
@ 2 A 1 91 < =2 1 Y1 =
El\ﬂﬁ\i\ﬂﬂ@ﬁﬁ'lﬁﬂiﬁﬂuwna HASAUTDUIINTD) ﬂﬂﬂfﬂ“ﬂuﬂﬁ!ﬂ‘ﬂ (GALRN ﬂﬂ“ﬁ%1ﬂﬁluﬂ15lﬂﬂﬂﬂﬁl
A o 9 n v [ [ 1 I [ % 1 1 1 9 a g‘/
Wﬂumuaz”lu”lmum'lﬂmTiNm wmmﬂumﬂﬁa@ummmm) ﬂﬂ“ﬁ%1ﬂﬁluﬂ1§ﬁﬂ§l\1
Y "oy 1 2 AX g A a =
(ﬂigﬂ@’ﬂﬂﬁﬁlﬂWQ@]@@ﬂ ATVHUUIDUIIND Gluwmﬂuﬂmiwm) uae ﬂﬂ“ﬁ%1ﬂiuﬂ15ﬂﬁ@l (GRERN

Y v
A ldaend s IunuUSunaran) ununmudaans lvavesszuundas lagalugli 1

First stage (FS) Random event Second stage (SS)
oceurs Input
parameters
Sjt» Oi, Cit Output
Input d; Partitioning whole | = y;; . . ‘ h
i ot T Ujjtl 5 ijul it
parameters ——— cane fields area to > it ettt > tr a?zspo;tagllonm —
Vehicle sub-area (District) | Zik ,Xjk & (Qu) ot size proble
per
District A Discrete random

variable

After a random harvest realized affecting the
outcome of the first stage decision

v
=

{ a o o v U A g
gﬂﬁ 3.1 Lm’ﬂQLLN‘L!{]Nﬂi%TJ’J‘L!ﬂ"lill‘ViﬂﬂlﬂﬂLLiJiJi]”lﬁ’f)x‘li%‘U‘Uﬁ”lﬁillﬂﬂJﬂ”Iﬂﬁﬁﬂﬁu(lilwuﬂ

FUNAwDY (District) HazTayrivuavuaIs A

o Aa A Aa 7 o . ] '
mIauiumMIveszULENIn  Wlmesiuin  Flduaurumamizilgn  vowaay Tau
9 =< o 9 o 9 [ 1 =\
wilasoes Famrualsmanmzilgnoes 1w lyunilatdes IUTDVNEN LazaDITIBATVA
1 1 [ = v 1 9 1
soUUAAaLAY Jreznnaatieasn ldwaas Tvuudasdes uazszezniannuaas Teunalas

Y LY o 1 Aa ] I a a A 9 A v Aa
ﬂﬂﬂllﬂflﬂiiﬁ”lu MUIUYFNIATNNIITU ﬂ’JﬁJH”ﬁ]%Lﬂ‘LﬁJ’ENTE%J”Iﬂ!WﬂNa@]ﬁlﬂ‘ﬂ]lﬂ memsanaule



17

o ] 1 1 . v 9 [ 1 9 < 1 9 a g‘/
AT VUAASBAUNITUNEY (Scenario) A1 M8 lumsvuas, alsaelumsmy, arlsoelunmsaans
1 9 a ~ a 4 U dy Y 1 =

uaz mldnelumsnda 13l 3.1 wilmesmartivzgndoudngszuy vaglumanusn s

anaulaluises nunsuiavey Taslawdsaaaule x y, z vaansH e HANAANATUITI (DALY
[ 1 3 ] d' = v Aa d‘ [l

Tumdvey Wumsuenuaauuy) lumaninaes mimsdaaulalusesinavuas vinalums

< Y o Y 9 ] ~Aq Y [ 1 Y [

nurvhyannoeemelulyulasdes uazdadsssanlslumsvuasvenaas Tsuuilaswos tazue
] é S Y 1 a dsl v a dy U 3 g’/

az¥aa1 FRA 190190199 e Msaaaulaluaangss IUNY aenusn LagAItY Ha laas Iy

= dy [ v A ?,‘, 1 [ 1 A v Aa = A
VOITZVVWVUNUMIARTU INIFDITIANTINAY hlﬂJﬁHﬂimLElﬂ‘ﬂinﬁW mamau%wazﬁmm%
32 s veadlymmsimuaiiufivuawazmsdamsvuasdmSugasninssuinmma

@ @ C4
3.2.1 ANUKNIYUNTYANHU

[

o a d 9 da! Y o S 1 dy
uuusassndiaman’ adnuu laslsdudnyainaae 11

g

1) awhl
n v Tvunalasdos (Number of cane field zones)
J TIUIUVOITDUUEAS (Number of trucks)
K SRSyl (Number of districts)
T IUIUFIIAT (Number of time periods)
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Constraints
(First Stage)
J K
D2 V2l Vi (3.2)
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K
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J
> X, =VPD vk (3.4)

Yik < Z Vi, j,k (3.5)
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Yiik < Xik vi, j,k (3.6)
Zik+xjk_yijk51 Vi, j,k (3.7
K

> z,=1 vi (3.8)
k=1

X; €{0,1, y;, €{0, 1, z, €0, (3.9)

(Second Stage)
J
hy =hey +Qy _qu'n Vi, t,l (3.10)
j=1
J
Qu 2 Zqijtl Vi, t,l (3.11)
j=1
Qiju < BigM (uijtl) Vi, j,t,| (3.12)
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> >q, =COF vt, | (3.14)
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toshganazaosiaass ldwaaziuniuAayey aumstedinad (3.5), aumsveiinan (3.6) uag
1 1 9 1]
aumstesnan (3.7) e Iiuulandusdaass Touuilasdes (Cane field zone) i TdainunsuRaso
. . Y ' . o 9 o &’ Ao a . . 1 @ o
(District) & #&2509Ud3 j gnoaass 7 IGNUNTUAATOY (District) £ IFUAY 151AW15DIATATIT0
v A ' a v v . o 1 v Y o w A
Wuds j iovudnanandosanlsunilasdos i lidilssnugaamnssunivald aumsdesinan
4 1 1 U L% z 'W a
3.8) o 1rusila g usdaass Touuilasdos (Cane field zone) i 1USINUNSTURAYOU (District) & (e
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A Aow a = Y o o A o @ v Aa I (%
wuRTuRaYeUIRe) aumsvedinail (3.9) Mvuadunlsdadule x, v, uay z, Wudualslsvian
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a Y A A
UNID MﬂTVlﬂL‘WHQ 0wnIe 1
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Y o w ~ A A Y o w A o o o Y A
AUMITONNAVDIAANNETDY FUNAUNIVINAN (3.10) MruATUINLTUUAUUDIdET
S o ~ 1 da! Y] A Ay Y a i ) o ~ a A A v
USNEINYa1e3 1981 t YuegnuNanaan 1a139 (Scenario) 7 d11isuTomanzinNanandafitana1g
AU gumsteninan (3.11) wiel¥ulledwasiuvesdsunauuas (Lot size) vouuaas Isunasdor
1 9 v Y ]
(Cane field zone) i Nvuad Tasl¥sovuaadauaniaduyu 11 Tue99a1 (Time period) HeIRU BTN
Wsmavudsveanniovuas lumulsmunanannssves laulaidos (Cane field zone) i NI
Aa A A a dy ] g’/ Y o w A o o YA "9
nuRanandssimavrlugImuy aumstedinan (3.12) maouMuua IHINSYUEIDDEN
Tosun1)agdos (Cane field zone) i 1A (Time period) ¢ 137 UTMMVUAWNIANT 0 AU zABIN
1 Y a ?,‘, = g ' Y o 9 Y dg’ 1 Y [ dy Y o w
algnelumsaans sulluamldnelunmsdndesuazvudosiusovuas adroeg null gumsdodsing
7 (3.13) el lanSSunavudsdosan Tsuuilasdos (Cane field zone) i 1145291381 (Time period)
Y [ [ ] 9 9 = [ 1 . A "9 Y
¢ PSS uavuaannn o duldd deslimstaasssavuas j lievuassesvesIsunasdor
] 9 1
(Cane field zone) i Tao? Tauuados (Cane field zone) i AT TDYUT j ADIYNIAATT IHog TUNUAN
v A . . = v X a v A Y o o A o A Y
SURAYOU (District) £ 1ReInU Funannmsaaaulyluganusn gaumsdoetinai (3.14) Myiuaie 14
Ysmavuaesunn Teuuaidoo (Cane field zone) i ag NATOVUEL j NFIIAT ¢ 1ALINU WINNN
9 H Y ] '
ANABINTVDI 159 NUGATIMATIVIANE  dumTTesinan  (3.15) MnuATwNeIAaITT0UUET
dmsuvudasmng14n Tounlassee (Cane field zone) 7 NRUFTHVVUFIWINAI 0 NFIa0A1 £ a9
aumstennan (3.16) uay (3.17) Mmyuaialimaovvesmsdaauledsunavuas (Lot size) uaz

3 o . . 1 ] o <
YS1aunusny (Holding units) veduaaz Teuuiladdes (Cane field zone) i HAMUTIMIMANLIN
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. . o v A [ 4 ° @ v A 3 o
(Non-negative integer) aumsdodinai (3.18) Mnuaiie limaouvesdaudsdadule «, Wusmam

<3 Aa A v & o v Aa 3 o <

1A (Integer) NAANTIYU 0 30 1 i wazdulsdaaaule ¢, uag 4, AUTUAY (Integer)
ad < Y
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‘Hf]ﬂ%1ﬂuuLL%@@HLH?HQ?I@N‘U@Q’GTQW?&%ﬂﬂiﬂnﬂllﬂuﬁ@1hi$ﬂ‘ﬂ GPS ﬂﬁﬂ’ﬂllﬁWﬂfgLG]Suﬂu TIUMINIG
ﬁTH’Jﬂl‘ﬁWigEl$°VINﬂWﬂﬂﬂWﬁ%@ﬂiﬂqﬂﬁﬂi%ullﬂﬁﬂéjﬁﬂ LLaZi$EJZ‘V]1\1%1ﬂ1°])’1!!!;1]ﬁ\iéj@ﬂllﬂﬁjﬂii\‘]\ﬂu
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AT INNITIUUING GUfJiJ”ﬁ“VILﬂ‘Uhlﬂﬂlf]ﬁizﬂz‘ﬂNiﬂﬂﬁiﬂu%@@iﬂ 9 amu"lﬂﬂﬂcnuuﬂawaﬂ 70 Iclﬂ!

= ] I a @ ~
52oeNNNHUOTUN Tawa s LaaIninis1en 3.1

A 9 A d Y =~ = @ Y
ATTNNN 3.1 Llﬁﬂﬂﬂlﬁlﬂgﬁﬂ!ﬂﬂ‘lﬂﬂlﬁﬂigsz‘VlNiﬂﬂﬁﬂTL!i]ﬂﬂﬁﬂ 9 ﬁﬂWulliJEJQIG]SuLL‘]JﬁQfJ@FJ 70 IGD”L!

= T 3 a
izazmquﬁmmﬂuﬂiamm

Field ST1 ST2 ST3 ST4 ST5 STA ST7 STB ST|9
1 48.59 34.27 34.64 42.15 36.0(¢ 28.66 9.6b 19.05 .727
2 44.55 34.77 30.18 32.03 23.59 19.99 6.56 23.60 .0338
3 18.84 28.64 18.17 6.56 16.76 19.50 39.70 36.65 .77/50
4 13.98 22.49 12.29 7.40 17.31 16.3p 36.47 31.82 .8844
5 29.27 25.54 16.41 14.25 7.88] 4.57 19.49 23.83 8539
6 36.85 19.92 25.90 39.15 37.72 27.23 21.18 6.97 .6810
7 54.95 39.35 41.59 50.41 44.6¢4 36.88 18.38 2381 7.0
8 24.40 20.62 11.20 12.68 10.74 1.0¢6 21.25 20.68 .8036
9 49.12 35.53 34.92 41.30] 34.52 27.94 7.98 20.74 .5830
10 52.50 36.15 39.92 50.34 45.7% 36.96 20.71 21)0021.44
11 30.25 14.41 18.19 31.15 30.16 19.50 18.55 1.27 7.211
12 56.16 40.71 42.68 51.11 45.09 37.60 18.64 25]1628.71
13 16.71 25.72 15.27 5.82 16.31 17.47 37.72 33.00 7.8%4
14 37.96 20.75 28.93 43.28 42.91 32.22 27.41 12)08 4.53
15 53.89 37.91 40.87 50.46 45.24 36.97 19.44 2214824.47
16 53.16 37.02 40.32 50.28 45.33 36.83 19.85 21)6923.09
17 62.37 49.88 47.94 51.28 42.58 38.94 19.55 35/3844.16
18 30.53 13.39 20.82 35.27 35.5% 24.79 24.27 6.30 2.051
19 51.58 37.89 37.38 43.57 36.56 30.27 10.14 22)9631.95
20 24.39 20.56 11.17 12.73 10.80 1.0% 21.22 2062 6.743
21 24.67 20.45 11.29 13.26 11.12 0.73 20.71 2017 6.343
22 31.13 14.19 20.65 34.67 34.4% 23.71 22.38 4.48 2.901
23 34.80 19.53 21.83 33.11 30.48 20.33 14.11 4.32 8.601
24 21.77 24.48 13.26 4.07 8.52 9.44 29.44 28.61 943
25 56.05 40.94 42.37 50.27 43.94 36.78 17.40 25)3930.01
26 31.13 14.20 20.64 34.66 34.48 23.69 22.36 4.46 2.921
27 41.86 32.15 27.48 29.78 21.78 17.44 5.91 2147 6.423
28 47.49 33.08 33.59 41.39 35.4Y 27.88 9.38 1785 6.702
29 36.55 28.59 22.40 23.67 16.02 11.56 10.56 20]7236.87
30 29.25 25.57 16.41 14.19 7.81] 4.53 19.56 23.89 .9139
31 24.87 20.73 11.53 13.20 10.88 0.52 20.68 2037 6.563
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Field ST1 ST2 ST3 ST4 ST5 STA ST7 STB ST|9
32 53.92 37.53 41.36 51.75 47.06 38.35 21.82 2214222.28
33 31.92 36.99 25.76 10.91 9.58 19.39 36.05 3971 5775
34 41.88 24.70 31.62 45.08 43.51 33.10 24.93 1289 7.51
35 25.28 10.58 12.96 26.44 26.60 15.83 20.47 6.49 1.042
36 21.30 24.41 13.17 3.60 9.04 9.95 29.99 28./y8 1444
37 32.12 16.48 19.67 31.99 30.31 19.82 16.80 1.28 7.441
38 41.57 31.00 27.12 30.68 23.24 17.86 3.6p 1956 4.1
39 47.30 33.40 33.22 40.30 34.01 26.84 7.62 1847 8.3&2
40 37.14 19.91 27.60 41.75 41.19 30.92 25.69 10,30 6.35
41 56.16 40.94 42.54 50.60 44.36 37.10 17.84 25)3829.65
42 20.68 3.56 12.81 28.31 31.1% 20.88 28.38 1219 0.502
43 48.10 34.51 33.92 40.44 33.81 27.05 7.26 1976 9.8
44 37.00 21.32 24.24 35.58 32.69 22.72 14.48 5.77 7.361
45 30.98 13.99 20.65 34.76 34.64 23.89 22.75 4.83 2.73
46 29.52 26.97 17.32 13.02 5.75 5.95 21.26 2542 9141
47 52.72 36.70 39.76 49.52 44.4Y 36.05 18.90 21)3023.42
48 17.51 3.86 8.21 23.74 27.1( 17.23 27.88 14.03 .834
49 12.20 8.90 15.36 28.91 35.3¢ 27.13 39.61 2437 9.6
50 37.12 19.91 27.39 41.42 40.74 30.09 25.08 9.83 .90 6
51 19.80 6.86 8.08 22.91 25.0§ 14.78 24.67 11.87 .624
52 14.60 2.97 11.21 26.31 31.29 22.14 33.50 1850 5.9
53 42.75 30.42 28.37 34.05 27.4% 20.73 1.36 1714 0.403
54 44.05 27.18 36.38 51.10 50.98 40.28 34.33 20J133.78
55 48.62 36.39 34.20 38.72 31.11 25.77 5.80 2264 4.3
56 49.93 38.32 35.48 38.95 30.80 26.37 7.38 2408 7.063
57 34.65 17.43 25.65 40.17 40.22 29.48 26.%7 9.82 .18 7
58 35.05 28.04 21.11 21.52 13.84 9.79 12.71 2141 7.798
59 38.65 29.72 24.34 26.38 18.68 14.02 8.03 2042 6.133
60 27.06 15.62 12.89 22.86 21.06 10.46 16.01 9.89 6.2
61 55.28 39.98 41.72 50.00 43.92 36.49 17.46 2414328.64
62 53.07 36.63 40.58 51.12 46.58 37.76 21.%7 21)5721.38
63 25.02 29.38 18.14 3.80 7.35 13.3¢4 32.32 33.17 .83#48
64 23.96 8.41 12.71 27.08 28.0¢ 17.38 22.82 7.%6 .2420
65 48.55 34.25 34.60 42.09 35.98 28.60 9.58 1905 7.7&2
66 38.32 22.25 25.88 37.53 34.72 24.73 15.78 6.83 5.881
67 45.96 33.07 31.64 37.5] 30.72 24.21 4.16 18.98 0.713
68 26.77 10.42 15.82 30.00 30.42 19.65 22.20 5.16 7.341
69 20.46 17.62 7.41 11.73 13.17 4.93 24.12 20.48 .8835
70 31.69 14.82 20.97 34.81 34.3% 23.64 21.75 4.00 2.971

9 A Aa 2 4 ' ) ' ' < 9 ~ 9
ﬂl@uﬁﬁllﬁﬂ\iwaNEWI‘V]Lﬂﬂﬂluﬁ]ﬁQﬂl@ﬂll@]ﬁzicﬁul!ﬂﬁ\i'ﬂ@ﬁl UAQSYINIAT Lﬂumﬂyﬁ‘ﬂﬂ?TNﬁT

(%

I Aa X a Ao o AW Yo 3 9 a
’EJElNiﬂﬂGluﬂWi‘ﬂﬂﬁﬂﬂﬂiyﬁﬁluWﬂﬁlﬁi‘gﬂlﬂﬂ‘Uu‘ﬂiﬂ Q1U'Jﬁ]flﬂﬂﬂuvlﬂ‘ﬂ1ﬂ15lﬂﬂﬂl@yﬁﬁ%ﬁﬁﬂlﬂﬂlﬁu1ﬂ!

NAKAA (AY) LAAIAT IUAITIN 3.2

A A A a dy a ' 9 1 1 Ad v Y
ATTNWN 3.2 Llﬁﬂ\iﬂaﬁﬂﬂ‘!waWZWWILﬂﬂﬂlu‘ﬂiﬂﬂl@ﬂlmﬁgicﬁul!ﬂEN'E'J'E'JEI Glumdnmch] ‘V]lﬂ‘iJéUf)lJ”ﬁvlﬂ‘mﬂ

T59URAE AT TUNTAANET HUIEAY

Field Period 1 Period 2 Period 3 Period 1 Period 2 Pesiod
Field 1 64.6 63.6 61.7 66.5 66.2 64.4
Field 2 23.3 22.9 21.9 23.7 23 21.3
Field 3 49.3 49.3 49.1 50.7 49.3 49
Field 4 66.9 65.6 65 68.4 66.5 65.7
Field 5 30.2 28.2 27.4 31.3 30 28.8
Field 6 50.2 50.1 49.2 50.1 48.2 46.8
Field 7 58.3 57.1 56.4 56.8 56.5 55.4
Field 8 54.5 53.3 53.3 53.6 52.3 51.1

ATy
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Field Period 1 Period 2 Period 3 Period 1 Period 2 Pesiod
Field 9 63.9 63.6 61.7 65.5 64.8 63.3
Field 10 63.8 62.6 62 65 63.3 61.9
Field 11 53.1 51.4 49.7 51.3 49.3 47.9
Field 12 43.5 43.5 42.7 44 43.8 41.9
Field 13 33.1 32.9 31 31.8 31 29.9
Field 14 53.6 53.3 52.9 52.3 52.1 50.1
Field 15 59.7 58.2 58.2 60.7 59.1 58.5
Field 16 44.3 43.2 42.9 43.8 41.9 40
Field 17 49.9 49.6 48.5 49.6 48.1 47.5
Field 18 49.6 48.7 48.5 51.1 50.6 48.8
Field 19 64 63 62.2 62.2 60.8 59.8
Field 20 70.6 69.2 67.7 68.8 67.9 66.5
Field 21 54.7 53.8 52.8 55.6 53.7 52.9
Field 22 65.3 64.8 63.8 64.7 63 62.2
Field 23 40.5 38.6 38.6 40.4 40.3 39.8
Field 24 67.1 66.1 64.7 69.1 67.6 66.1
Field 25 12.8 14.5 13.8 14.6 15.3 14.3
Field 26 35.7 36.6 35 34.9 35.3 34.3
Field 27 23.5 23.5 22.6 22.3 22.3 22.3
Field 28 67.7 68.4 68.1 65.3 66.5 64.8
Field 29 53.4 54.8 54.4 54.9 54.9 53.9
Field 30 15.1 15.6 14.8 14.3 15.3 14.5
Field 31 40.8 42.6 42.3 394 40.9 40.1
Field 32 48.9 48.9 47.4 50.2 50.4 49.9
Field 33 21.6 23.5 23.3 19.9 21.5 21
Field 34 50.7 52.3 50.4 51 52.5 51.3
Field 35 66.1 68.1 67.2 69.3 69.7 68.7
Field 36 47.4 49 47.9 45.8 47.2 46.1
Field 37 61.7 61.8 61.3 61.8 62.3 61
Field 38 42 43.6 41.7 40.8 42.8 41.7
Field 39 66.1 67.4 65.6 66.7 67.3 66
Field 40 49 49 48.2 47.5 47.9 47.8
Field 41 31.8 32.4 32.1 32.7 33.6 32.8
Field 42 37.2 38.2 37 35.9 37.2 36.2
Field 43 31.3 32.2 30.2 30.6 31.6 31
Field 44 53.5 53.8 52.3 53.6 53.9 53.2
Field 45 47.8 48.8 46.9 47.8 49.6 48.3
Field 46 47.4 48.1 46.4 48.2 49.6 47.8
Field 47 58.7 59.1 58.9 58.3 59.3 58
Field 48 57.1 57.4 56 56.4 57.4 55.9
Field 49 36.3 37.1 37.1 32.9 34.6 36.6
Field 50 12 13.8 15.5 14.4 15.3 16.3
Field 51 40.8 42 42 40.8 41.5 42.6
Field 52 49.4 49.4 51.3 49.4 50.7 51.3
Field 53 53.8 55.6 56.9 53.1 53.6 55.3
Field 54 50.5 51.9 53.4 52.9 53.7 53.7
Field 55 52 52.2 53.3 53.1 54 55
Field 56 55 55.1 55.2 51.6 53.2 55.2
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Field Period 1 Period 2 Period 3 Period 1 Period 2 Pesiod
Field 57 34 34.6 36.6 32.2 34 35.3
Field 58 36.6 36.6 37.1 32.5 33.7 35.6
Field 59 58 58.9 60.8 59 59.7 60.9
Field 60 29 31 31.2 28.6 29.3 30.3
Field 61 65 65.7 67.6 67 67.9 69.4
Field 62 12.1 12.7 14.5 15.3 16.1 16.5
Field 63 48.6 50.2 50.2 45.2 46.8 48.4
Field 64 62.4 64.1 64.9 64.1 64.5 66.3
Field 65 18.4 18.8 19.8 18.6 20.6 21
Field 66 40.1 40.9 41.6 40.5 41.2 41.8
Field 67 29.8 30.3 30.8 29.9 30.9 32.4
Field 68 44 45.3 47 46 46.4 47.3
Field 69 52.4 54.2 54.2 50.2 50.9 52.6
Field 70 54.3 55.6 56.6 56 56.4 58.2

Total 3275.8 3298.2 3273.3 3272.5 3288.6 3262.5
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Abstract—The transporting sugarcane from cane fields to a rifactory is a potential cost in sugarcane logistis.
The poorly operating vehicle (six-wheel truck) senges and transportation lot size results in lost oexcess of cane
supplied. In this paper, we consider the integratedlistricting problem of whole cane field region andtransportation
lot size of each cane field. We formulate the comfiing two problems as two-stage stochastic model. Thigarcane
yield in harvesting season is a random variable wlt known discrete distribution. The first stage, we dtermine the
districts for each cane field zone. After, the hargsting sugarcane realized the second stage we malexision for
transportation lot size. We formulate the transporation lot size as mixed integer programming model nder a finite
horizon during harvesting season of sugarcane. Theptimal approach is based on the scenario-based metth. The
objective is to minimize the expected overall costitegrated two stages. We investigate the model k& on generating
data. Numerical results indicate that the model pruides different optimal solution based on scenarios

Keywords—Sugarcane; Districting problem; Lot sizinggiblem; Two — stage stochastic programming model

|. INTRODUCTION

Sugar is large quantity export of goods in Thailafie large fields of sugarcane are grown in ththeast
of Thailand. Most sugar factories are located atiqdar regions surrounding the sugarcane fietGistrently,
the international sugar market is serious competitiecause of the low price of suger from manyroesitsuch
as Brazil, Australia and Cuba. The goal of sugadpction systems is to obtain raw material frompdieps,
deliver goods to customer on-time and minimize gpamtation and production cost of systems. Mosastane
is raw material to supply to sugar industries isuaply chain system. The cost of transportatingastane is
alternative to reduce the sugar price. The majst 0bsugar supply chain is transporting sugardesra cane
fields to the mill facilities. Pongwanich-anan dowed the 21.91% of production cost accordingitgascane
transportation cost. Traditional transporting sagae in Thailand, we deliveried the harvesting stayze in a
small lot size to mill facilities by using farm tk or six-wheeled truck. The small tons of transipgrsugarcane
to nearby mill by using farmer’s vehicles, restin large transportation cost, complex productiontrol and
unbalance using trucks. One possible way to implesgery time and lot size of sugarcane to milldgartition
whole sugarcane field region into small districsl{-area). Each sub-area is grouped of nearbyfisddeones,
where each cane field zone consistes of groupiuare of sugarcane fields area. Each sub-areaigtist
operates under a particular strategy. The transpontlot size strategy and high-technology toingtcane have
been introduced and implemented in order to redwaresporation cost of sugercane delivery to mitiliges.
These operate by logistic teams of mill faciliti©ecision of transportation lot size to mill faids can be
scheduled, resulting in more efficiently of truckstilization), balancing utilization of trucks ankkss
transportation cost. Delivery of sugarcane fronidBeto mill facility operates under sub-area (dis}rand
transporation lot size policies.

Decisions regarding incorporated the sub-arearictlsiand the transporation lot size strategiesld:dae
improved by imposing the delivery on-time and sagae lot size, considering the capacity of tructtodr his
transporting sugarcane problem is modeled as astage stochastic programming under uncertainly. The
decision of first stage is how to partition wholegarcane field region into a sub-area (districtecidion
variable is the district of each cane field zonke Histrict problem of cane fields zone refersaaifion whold
sugarcane field region into small sub-areas (didtrgiven that the system has a fixed number acdtion of
vehicles. We consider a sigle type of vehicle {(gheeled truck). We consider an intra-district, ethdoes not
allow a truck to cross districts. Each sub-areasparts sugarcane from cane fields zone to a agllify using
the paricular trucks which located in the sameridist We determine the sub-area before the urinerta
parameters realized, which are the havesting sagarof each cane field zone for each period thqulghing
horizon accounting to known discrete distributi@mce the random of havesting sugarcane presemséhes
for each cane field zone. The logistic team can endkcision of the second stage variables in which
corresponding to the havesting sugarcane quarilzed for each period. The decision of secongdesia to

978-1-4673-7762-1/16/$31.00 ©2016 IEEE
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determine the transportion lot size of each céld zone from fields to mill facilities and holdjrunits, which
kept sugarcane at their’s fields for each periadit/h planning horizon. do that for you.

The contribution of this paper is to determine thetict, indentify the particular truck for eachneafield
zone and analyze the transporation lot size foh eaoe field zone for each period, resulting in enefficiently
of trucks (utilization), balancing utilization afucks. The objective is to minimize the expectadltoost, which
are setup cost (events: cutting cane and load-drdagarcane to trucks), holding cost per peri@hdportation
cost (depanding on distances between location wiick and distance from cane field to mill faci)itgnd
operation cost per ton of sugarcane. In this stuety

e Develop a two-stage stochastic programing modeinfoorporated sub-area (district) and transpordtion
size policies, given the number of districts, fixedations and number of trucks.

e Propose a optimal solutions of two-stage decisianables to determine the minimum overall expected
cost.
Show, through the numerical results based on ggngramall data, where harvesting yeild of eachecan
field zone per period according to known discrasgridhution.

This paper is organized as follows. In Section 2present an iterature review of districting probland
transporting sugarcane problem. Section 3 we dpvele two-stage stochastic programing model for
incorporated sub-area (district) and transpordtibsize strategies. Section 4 we show the numlerésalts and
discussion of the optimal solution approached. I§in&ection 5 we present the conclusion and disiousof
future research.

Il. LITERATURE REVIEW

Thestudy related to operation of sugarcane logistahé mill factory. First we categorized relatedrkvby
characteristic problems (e.g. transporting sugacalistricting, and stochastic transporting lote¥ibeing
descripted.

Most of significant work had been proposed tramspg sugarcane in harvesting season. Diaz andzH2}e
considered transporting sugarcane system in oocdeniriimize a limited resource allocations using dation.
Higgins et al. [3] improved a value chain of hatirgs sugarcane and transportation system. Theyl lseiveral
models of harvesting sugarcane and transportatysters, accounted for financial transfers, and amaly
scenarios with case study. In addition, Milan e{4]l presented the transporting sugarcane tofaglory under
various constraints using a mixed integer lineasgpemming model. They considered scheduling of road
transportation, cutting tasks and vehicle routiogrtinimize overall cost. Grunow et al. [5] investigd the
production of sugarcane. The aim was operatingesysit a constant production rate, in which deperated
preserving supply rate. They determined the culowaand harvesting planning. The approach dewzldp
supply chain of sugarcane operation system by R@vgngam et al. [6]. They introduced cultivatioanpiing,
harvest scheduling into model using a mathemapecagramming in order to maximize the expected diera
sugar production. In addition to location problefamjan et al. [7] proposed the location of thessugne
loading station problem. They allocated cane figtdsach loading stations to minimize overall costjuding
the investment, the transportation and the losgdymrion cost. However, most of previous transpgrtin
sugarcane works considered a whole cane field meigito model using limited trucks to transport sugae
from cane fields to mill factories. The limitecitisportation time is important for implementatidrsogarcane
operation model. Therefore, the decisions regarttiangsportation could be developed by imposingratdition
on travel time from truck locations to each caneldfi We consider districting strategy to improves th
transportation system of sugarcane.

Initially study described in districting problemgebk et al. [8] address the service area of poit®isystem
into small sub-areas. They formulated a model usingnteger programming model. Gass [9] extended th
model using heuristic for police patrol system. éwfstudies have investigated the overall traveek tiwhile
considering workload balance (i.e., Marlin [10])leischmann and Paraschis [11] presented the distic
problem of sales territories. The aim of study teaminimize the total scores of products accordindistances
between center coordinate and center locationale§ gerritories. Hojati [12] considered the poétidistricting
problem using splitting problem to solve the proiléannoni et al. [13] presented two combined apnfation
of the location and districting problems into mothalses along emergency medical service (EMS) system
highway. Recently, Bandara [14] improved the perfance of EMS system by applying the combination of
dispatching and districting strategies. He formedathe integer programing model of the districtprgblem
given known locations of ambulances and numbeistficts.

Traditional approaches to this stochastic lot sizeolved with scheduling production. This problem
considered multiple products with random demand tired limited capacity of resources. Sox et al.][15
proposed the survey of research dealing with thehststic lot scheduling problem. Beraldi et 46][analyzed
the parallel machine lot-sizing with uncertain attan. They formulated model based on scenarioebase
planning. Another related work dealing with a twage stochastic model for transportation, Liu et[&F]
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considered the transportation network protectiondef® They determine the allocation of resourcer ove
multiple highway brides. Winands [18] presentediavsy of the stochastic economic lot scheduling ehotihis
survey focuses on the production problems. Mostipus researches of stochastic lot size ignored the
transportation lot size aspect to district probldiis idea could impose delivery time and lot fifesugarcane

to mill, resulting in balancing utilization of tjasrtation trucks.

In this paper, we address the application of idistig problem for transporting sugarcane probléfte
extend the districting problem proposed by Bandafd The modification determines the integratestrititing
and lot size problems in order to minimize the expé overall cost for transporting sugarcane proble
Moreover, our work differ the previous study inttkxae consider the realistic system accounting tdbability of
sugarcane yield occurring after we made decisiowlifstricting problem.

I1l. DESCRIPTION OF MODEL

Given the characteristics of realistic transportsugarcane from the cane field zones to mill faegi we
incorporate sub-area (district) and transporatioh dize strategies. The model is formulated using t
assumptions given below. do that for you.

e We group a square of sugarcane fields into eacé field zone.

e Each cane field zoniei = 1, 2,...,nis located surrounding the mill facility. We codsi the transporting
sugarcane system with a single vehicle type (sigeldd truckj,j =1, 2,...,J.

e Before harvesting sugarcane season coming, we snahe system in which whole sugarcane field
region is partitioned into sub-areas (distridtsk = 1, 2,...,K.. We have been grouping cane field zones
to districts.

e We know the number of districts and the numberatfieles and their locations.

e The decision of this first stagEé$) is how to determine the district for each caeédfzone given a fixed
number of trucks and their locations, prior to toh&arvesting sugarcane yield realized.

e We define a finite set = (zy, ..., Zk---, Zx), Where we allocated the cane field zora districtk. Each
cane field zonéis operated under particular policy at same diskri

e There is a finite sex = (Xy,..., Xk-.., Xx), Where we allocated the trugkat districtk. Each truckj
transports tons of sugarcane from particular caie zones in its same distrikt

e There is a finite sef = (Yi1x,..., Yijw---» Ynik), Where we assign the vehigléo transport sugarcane from
the cane field zone at districtk to the mill facility. Each cane field zores used particular truck s,
which allocated in its same district

e Each periodt, t = 1, 2,...,T, the tons of sugarcane need to transport to gategbacity of the mill

factory.
e After harvesting sugarcane yield realized, eaclogdrt = 1, 2,...,T, the harvesting sugarcane of each
cane field zoné havebeen its random tons of harvest, set Qg (.-, Qis---» Qnu), and expressed in

term of tons per time periddn which harvesting sugarcane is yield. We defirimite set of scenarib
I=1,2,...L, where a likelihood of the scenatitollows an arbitrary discrete distributiog, .

e The second stages$), we determine recourse action or decisions afsprartation lot sizeq(dyy, .- -,
itis---» Oty Qatty---» Qitis---» Quy) @nd holding units (keeping at cane field zonbf)yy,. .., Nig,---, Dy

Qutty---» Qis---» Quy) for each cane field zorigthe optimal lot size and holding units of eachecéield
zone and each period given the first stage decig@iablesx, y, z and a scenarig of the random
variableQ.

We formulate a model using a two-stage stochastigramming model. We consider the method of the
scenario based approach, where known the randoables of harvesting sugarcane as discrete disioiuin
the first stage, the decision is made at once qudati time of starting planning time. We formuldite second
stage model using a mixed integer programming masdel finite horizon. The objective is to minimizeerall
expected cost, including transportation cost, setgt (cutting-cane and load-unload cane to trugksiduction
cost and holding cost. The process flow of the ipomation of sub-area (district) and transporatioinsize
strategies shown in figure 1 as following.
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First stage (FS) Random event Second stage (SS)
occurs Input
parameters
Sjt» Oi, Cit Output
Input dy | Partitioning whole | y; . . ‘ h
’ T Ujjel G ijel il
parameters ——— cane fields area to » iz > | tr a?zspo;tagllonm — y A
Vehicle sub-area (District) | Zik ,Xjk &(Qu) ot size proble
per
District A Discrete random

variable

After a random harvest realized affecting the
outcome of the first stage decision

A. Notation

Figure 1. The process flow of the incorporatingsbb-area (district) and the transporation lot sipelel

The model is formulated using the notation below:

1) Indices

r4xo>S

[SN—

number of cane field zones

number of trucks

number of districts

number of time periods

number of scenarios

cane field zone index as 1, 2, ...., n
existing truck index as= 1, 2,...J

k districtindex ak =1, 2, ... K
t time period as=1, 2,...,T
I scenario index ds= 1, 2,...,.L
BigM a large integer number
VPD  number of trucks per district
COV  capacity of each truck
COF  delivery quantity of sugarcane required per pehielbw:
2) Parameters
dj; transportation cost of cane field zdrte mill factory by truck
Sit setup cost per time (fixed cost) of trucét time period, where consist of load-unload cost and
cutting cane cost
o} production cost per ton of sugarcane of cane fieltki
Cit holding cost per ton of sugarcane of cane fieltei@t time period
Qi quantity of harvesting sugarcane of cane fieldezdn time period, if the scenarid occurs
& probability of the scenariooccurs
VPD  the minimum number of trucks per district
COF  required tons of transporting sugarcane to milldacper time period
COV capacity of a truck (tons) notation below:

3) Decision variables

Zik 1 if we allocate cane field zom¢o districtk
0 otherwise
Xik 1 if we allocate truckto districtk
0 otherwise
Yiik 1 if the cane field zonieand truckj are
allocated to same distrikt
0 otherwise
Uij 1 if we transport sugarcane of cane field zoty vehiclej at timet, when the scenarib
occurs
0 Otherwise
Qijt quantity of sugarcane, which transport by trektimet, when the scenariooccurs
hig holding units (tons) of cane field zonhekept at its field at the end of time perigdvhere the
scenarid occurring
f optimal value
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B. Mathematical model

The proposed model can be used to determine theepnoof how to partition the whole sugar field m@yito
small sub-area. However, we consider on probahifitgugar yield from each cane field zone aftevésting
occurs. We focus on limited trucks risk to transpat size for each cane field zone to mill factovye consider
a single type of vehicle (six-wheeled truck). Thelpgem is stated as how many of transportatiorsin¢ for
each period given district constraints and likeditiof harvesting yield realized. We formulated thedel as the
two-stage stochastic programming model; the fitage of district problem is to make decision beftdre
harvesting occurs, while the second stage is ttuateithe total cost of transportation lot size tua realized
harvest. The second stage cost (recourse costhitom variable dependent on the first stage disigcision
and the particular realized scenario for each i@t zone. The minimum overall expected costetedmined
with respect to the random variables of harvestamane yield occurring. The mathematical model is
formulated as fO||OW'

n J T n J T n T
f= mmzzzdu Yiik +Z§I (Zzzsjtuijtl + quqlﬂ + chhn) (1)
i=1 j=1 k=1 =L -1 j=1t=1 i=1 j=1 t=1 =1 t=1
Congtraints
FS
J K
D>y =1 Vi )
=1 k=1
K .
;Xjk =1 V) (3
J
Z;xjk >VPD vk @
=
Vi < Ze Vi, j,k (5)
Vi < X Vi, j,k (6)
Z, + Xy — Y <1 Vi, j,k (7)
K
z Z, =1 Vi (8)
k=1
X €{0,1, y;, €{0, 1, 7, €0,1} 9)
(89
J
hy =hey +Qy —qutl Vit (10)
=
J
Qu = Zqijtl vi,t,l (11)
=1
Gju = BigM (uijtl) Vi, j,t,l (12)
K
i <BigM (Z yijk) vi, it (13)
k=L
n J
zqujtl > COF Vt,l (14)
i=1 j=1
D gy < COV(Z X)) vj,t,l (15)
i=1
Gy 20 Vi, j.tl (16)
hy =20 vi,t,l 17)
Uiy €{0,1, Qi {int}, h, {int} (18)

The minimum expected overall cost of the sub-afgistricts) and transportation lot size model under
uncertainty is formulated as two-stage stochastagqaming model. The objective fuction is total tco$
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transportation cost, setup cost, production codttraiding cost as shown in equation (1). The equatbnsists

of transportation cost, which is the product of treeision variablgy and distancel; (distance cost between
truck stationj and cane field zoneadding distance cost between cane field Zotmesugar mill), adding the
products of the probability of the scenagpand the total cost of the second stage decisioa.sEgond stage

costs are setup cost, production cost and holdisy @ he setup cost is the product of setup castipe s; and
the decision variable;y. There is production cost, which is the producpafduction cost per ton of sugarcane
and the decision variable transportation lot sjge The holding cost is product of holding cost peit o (kept

in cane field zones) and the decision varidhje

The constraints of the first stage, constraintefures that each cane field zobe allocated at least one of
districtk and be transported by at least one of tju€konstraint (3) requires that each trjitle assigned to only
one districtk. Constraint (4) specifies the minimum number ofcks allowed at any district. Constraint (5)
ensures that if we allocate cane field zan® district k, we can assign the trugkto transport harvested
sugarcane from cane field zohdgo mill, when the truck is assigned to distridt. Similarly, constraint (6)
ensures that if we assign the trydk transport harvested sugarcane from cane fmbeiz we can allocate cane
field zonei and the truck to the same distridt. Constraint (7) guarantees that if the cane feeldei and the
truckj are allocated to the same distkicthe truckj requires to transport harvested sugarcane of fieldezone
i to sugar mill. Condition (8) ensure that we altecthe cane field zonieto only one districk. Constraint (9)
requires that the decision variablgs y;x andzy are integer of O or 1.

The constraints of the second stage, constraintda@ulates the holding units at the end of tineeiqul t
dependent on the harvested sugarcane realized om s@enariol. Condition (11) ensures that total
transportation lot size of cane field zonés limited by harvested sugarcane of cane fieldezoafter yield
realized on each scenatioConstraint (12) requires that if the transpootatiot size from cane field zonds
greater than zero, there is setup cost of cuttengecand load-unload sugarcane at cane field zaeurs.
Similarly, constraint (13) ensures that if the sportation lot size from sugarcanén time periodt is greater
than zero, we assign trugko transport sugarcane from cane field zogmneherei andj being in the same district
k. Condition (14) requires the minimum total tonstafnsporting sugarcane to mill factory. Conditidrb)
specifies the minimum of tons of transporting segae per truck. Constraint (15) and (16) requihed the
decision of transportation lot size and the holdingts of the cane field zoneis non-negative integer.
Constraint (9) requires that the decision variakjes integer of 0 or 1 and, the decision varialgjgsandh;, are
integer.

IV. NUMERICAL RESULTS

A. Generating Data

In this section, we show the results of our modedda on random generating data. We partition thaewh
sugarcane field region into 8 small field areatecatane field zone. We consider a number of tra¢is where
are fixed their locations. The map of the wholeasugne field area shows in Figure 2. The generatatg
consists of transportation cost, where is the distacost of pair each cane field zone and eack station, the
setup cost per time for each truck for each tinmople production cost per unit of each cane fiedde shown in
Table 1.

TABLE I. THE DATA OF TRANSPORTATION COST

Cane field Truck Production cost
zone () j=1 j=2 j=3 =4 per unit
1 18 2 35 16 3

2 17 2 33 14 4

3 16 2 34 15 2

4 15 5 32 13 4

5 14 2 31 11 5

6 13 4 29 10 3

7 15 2 32 14 3

8 14 2 31 12 2
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TABLE Il THE QUANTITY OF HARVESTING SUGAR(TONS) OF EACH CANE FIELD ZONE FOR EACH TIME PERIOD

Time period

t=1 t=2 t=3
Cane field | Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
zone () =1 1=2 1=3 =1 =2 =3 1=1 =2 =3
1 630 700 770 495 550 605 450 500 550
2 576 640 704 405 450 495 450 500 550
3 675 750 825 360 400 440 423 470 517
4 495 550 605 342 380 418 450 500 550
5 693 770 847 423 470 517 468 520 572
6 585 650 715 360 400 440 432 480 528
7 666 740 814 342 380 418 405 450 495
8 585 650 715 351 390 429 495 550 605

We generate the quantity of harvesting sugar (tohspch cane field zone for each time period prteskin
Table 2. The Table 2 show the harvesting yieldugfas cane after made decision of districting probl&he
data in Table 2 present the tons of sugar canedbasescenarios and time period. The setup costhataing
cost of each cane field zone Table 3 and Tableshactively.

NI/
g AR [

Figure 2. Small case study

TABLE III. THE DATA OF THE SETUP COST PER TIME
Time period
Truck (j) t=1 t=2 t=3
1 4000 10000 13000
2 15000 20000 24000
3 4000 11000 12000
4 6000 11000 14000




The capacity required of sugar mill per time peii®équal to 3,000 tons. The capacity of each tis@qual
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TABLE IV. THE DATA OF HOLDING COST PER UNITS
Time period
Cane field zone i) t=1 t=2 t=3
1 2 3 4
2 2 3 4
3 1 4 5
4 1 4 5
5 2 4 5
6 2 3 4
7 1 4 5
8 2 3 4

to 1,500 tons. We generate a probability of ocagracenario for each time period presented in Table

We investigate the optimal solution of incorporgtisub-area (district) and transporation lot sizécjus

TABLE V. THE PROBABILITY OF SCENARIO OCCURRING
D #of Probability of Scenarios
Scenario =1 1=2 =3
3 0.333 0.333 0.333
B 2 0.65 0.35 -

based on ganerating data above. The results sho@edtion 4.2.

B. Results and Discussion

The approach considers the random space of tharsogras discrete distribution. The discrete distion
of occurring scenarios with a finite numdeof possible harvesting yield accords to the prdligpl; shown in

Table 5. The model could be formulated as mixedget programming equivalent problem. We programed i
IBM ILOG CPLEX Optimization Studio 12.5. According generated data in Section 4.1 we consider the
number of time period of 3. We define the numbedisfricts of 2. The minimum of number of truck mistrict

is equal to 1. We run the model until providing thatimal solutions. The running time of size of iplem 3
scenarios to find the optimal policy for each scenavas 36 hours 2 minutes and 21 seconds, whike af

problem 2 scenarios spent running time only 2 hédrminutes and 2 seconds.

TABLE VI. THE COMPARISON OF THEDISTRICTING AND STOCHASTIC MODEL AND THENON-DISTRICTING AND DETERMINISTIC MODEL
Districting & Non-Districting &
Stochastic harvesting| harvesting yield
yield based on the T
scenario
# of Probability Deviation
ID scenarios | scenario occurring | E(Total cost) E(Total cost)
3 (0.33, 0.33, 0.33) 232,869.33 242,530.00 9,660.67
B 2 (0.65, 0.35) 118,411.38 226,255,00 107,843.62
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TABLE VII. SOLUTIONS OF HOW TO ALLOCATE CANE FIELD ZONE AND TRUCKSO DISTRICTS

Probability scenario Cane field District Truck
ID # of scenarios occurring zone

N

34

A 3 (0.33, 0.33, 0.33)
1,2

1,2
3,4
34
1,2
34
1,2
2,3
14
14
2,3
2,3
14

14
14

(0.65, 0.35)

OIN (O |0 |~ (W (N |k [0 (No |0 |w|N -
NIN (N[ R NN PPN INN PP

Note in Table 6 that, we show the comparison ofdistrict and stochastic model and the non-distiud
deterministic model based on the optimal of theeexgd overall cost. The results indicate thabthibe district
and stochastic model provides lower expected totat than the non-district and deterministic moddie
reasons are that the non-district and detertrénisodel considers a single harvesting yield situain which
might be made decisions different from realistication after harvesting yield realized. Moreovesn-district
and deterministic model might be provided more Ue@ng truck utilization because the optimal siolit
might choose nearby trucks first and ignores fayatacks. This made much loads for nearby truclks lass
loads for faraway trucks. The implementing poligye partition the whole sugarcane region into 2rigdist
following the optimal solution in Table 7. The d@on of lot size planning is made after harvestjngid
realized depending on the scenarios. The resulfalite 8 show the optimal solution of a lot sizelgem. The
results show that the expected overall cost anatisas depend on the number of scenarios and theapility
of scenario occurring. In addition, when we consitte size of problem 3 scenarios, the resultingnuad
policies are different the size of problem 2 scirin allocating cane field zone and trucks tdritits.

Second Stage: Overall Cost

120000 -—
100000 f--- o oormmmeetl .
"""" '."::-'-""'x""""‘.:.'"""""""""'
m—=--"" N\
w
80000 | --------mmmmmmomoooee B
= A%
5 \\’._
560000 | ------mmmmommo ooy dip-mmmmmeees
wm .
o N
@] -
40000 | —
«e--#--- Scenario 1
20000 | - -M--Scemaro2
Scenario 3
0
1 2 3
Time Period

Figure 3.The second stage cost based on scenarios

Beharvior of overall cost in the second stageffexi@d by harvesting yield realized, scenariossii@wn in
Figure 3. Notice that optimal overall cost in trexend stage for different scenarios where providiédrent
optimal lot sizes. In Figure 3, the overall costlie second stage in period 2 would result in greaebst than
others. Moreover, the results indicate that if scen3 realized would provide the lower cost inipérl and 3
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and scenario 2 would provide the lower cost inguei2. Then, these results would be benefits foraipey in
period of the cultivation season.

TABLE VIl SOLUTIONS OF TOTAL EXPECTED OVERALL COST AND HARVESTINGOT SIZE BASED ON3 SCENARIOS WITH PROBABILITY
SCENARIO OCCURRING0.33,0.33,0.33)

Cane Scenariol =1 Scenarid =2 Scenarid =3
field periodt | periodt period t periodt= | periodt period t period t period t period t
E(Total cost) zone =1 =2 =3 1 =2 =3 =1 =2 =3
232,869.33 1 630 495 450 700 550 500 0 605 550
2 0 405 0 0 450 0 0 0 0
3 675 360 423 750 400 470 825 440 517
4 0 342 450 0 380 500 0 418 455
5 693 423 345 770 470 500 686 517 0
6 0 360 432 0 0 480 0 440 378
7 666 342 405 740 380 0 814 418 495
8 585 351 495 650 390 550 675 429 605
(a) Total Production Cost (b) Total Holding Cost (c) Total Setup Cost
12000 24000 TR — 105000
11000 +---- W 21000 ..-#--. Scenario 1 VI 90000 - ;'_'_jj.'.'.'-i?-'*""
\“‘-..,._ 18000 ==B==Scepario2 - /| ... | . o -
10000 +---- S s e Scenario 3 75000 '
5 Su. S15000 [ 5 S
E 2 | 2 L 260000 e
59000 ot 512000 i = .
z z ; 2 45000 D
©R000 b 9000 G ‘,.-—"- ----- > o
e Scenario 1 600D | TR S 30000 R
7000 ------ ==W==Scemario2 - et 15000 |- e Scenario 2
Scenario 3 3000 W | S 03
6000 | cenaro
INTNY 7R 0
1 2 3 1 2 3 1 2 3
Time Period Time Period Time Period

Figure 4. The second stage cost consists of primgiucdst, holding cost and setup cost based orasiosn

In Figure 4 show the separated costs for the sestag# cost: production cost, holding cost andpsetist.
The results in Figure 4 (b) indicate that the sdend provides higher holding cost rather than dkieers. This
implied that we would keep sugarcane long periddsaae fields. Figure 4 (a) and Figure 4 (b) shbat the
production cost and setup cost of the scenari@8ige in lower cost than the others.

V. CONCLUSION

In this paper, we developed the mathematical mtmleblve the integrated districting and transpartatot
size problem for logistic system of sugarcane. Thedel formulated using the two-stage stochastic
programming based on scenarios approach. The radde¢ssed for the capacity enhancement of truckralhd
factory, where we fixed the number of trucks angirthocations, and number of districts. In thetfstage, we
determined how to partition whole cane field regioto districts. We accounted the probability oésarios
occurring, in which provided different harvestiniglg for each cane field zone. Then, we made datssin the
second stage for determining a lot size for eacte tperiod for each cane field zone. We investigatex
mathematical model for small size problem. We presi the overall cost in the second stage based on
scenarios. Numerical results on this instances stawan the different scenarios provide the diffeptimal
solutions. The optimal solutions depend on the @des and the probability of scenarios occurringve
compared the district and stochastic model with-district and deterministic model. The results sedwhat the
district and stochastic model provided better $ohg. Moreover, the district and stochastic sohuti@nded to
balancing truck utilizations. In the future, we Mabnsider the balancing truck utilizations intoaied Moreover,
the heuristic algorithm will be present to appro&aige problem in real world.
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