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Abstract

Due to an increasing use of vehicles in major cities in Thailand and around the world, traffic
congestion problems are increasing. In particular, traffic at the intersection nearby the urban community
and educational institutions is congested by a number of commuters and passengers during the peak time,
which causes the problem with flow management. Proper management and analysis of red lights at the
intersection also affects the flow of vehicles. In this research, we aim to evaluate traffic problems at the
intersection using the agent-based simulation software called AnylLogic. The case study is conducted at
the main entrance in front of Ubonratchathani University. Initially, average data are collected during the
peak hour in the morning (8:00-10:00), the afternoon (11:00-13:00), and the evening (16:00-18:00). Then,
the designed experiments are conducted to test various hypothesized scenarios that affect traffic
congestion in terms of the average time spent in the system, the average speed of the vehicles, and the
average number of car stops. In particular, two designed experiments are conducted as follows: 1) the
experiment to assess the best condition of the traffic light setting, in which the timing of traffic light in each
direction is varied for each traffic direction; and 2) the experiment to test how reduced traffic lanes affect
the travel time for commuters in the system. The analyzed results show that the best condition for the
traffic light yields the average time of 189.53 seconds/car, the average speed of 11.48 kilometers per hour,
and the average number of stops at 2.48 times/car. In addition, reduced traffic lanes in the main roads can
affect the time spent in the system up to around 65%. It is expected that results from this study can be

further applied and extended to other situations for effective traffic management.

Keywords: Flow analysis, Traffic management, Traffic-light intersection, Ubonratchathani University
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ABNNIADS ADNITATIVADUAUYNADIVDILUUT RO
(Model Verification/Validation) i 0a%139a7318 a3y
veuuUTaesiianty [24-28] Tnelueiddet Tév
N13ATIVABUANUYNFBIVDIUUTIARNAETATIZNNTT
Tnavesisnisluma (Logical Flow) wenannd Sargent
[27] wugi13dumeu Validation a1snsavinladlngld
wATALUU Subjective LYUNITNTIVADUNGANTIUVDI
luLna “3BLUU Objective lWUNITILATIEHHANIED A
Tnglueidded Iivinmstinsesingiinssuvedamaly

wnaggaaan weliuuladnsandgaslunndinasly

@B

Suam

e e
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Eunarnag aufianands uaznsdenseladayain
w9195 dawasiesafidgasiuusazidumaseisgnies
muanunseidagdu cﬁ’mamﬂugﬂﬁ 5 Faflansdayeyol
Ifluusiazuonnisasasivihnuegsduiusiu Taggui
5 (a) wansnsladgygraliidealudunisainaniut
swltinvgau UM 5 (b) wansnsndayaalliidedlu
dunmenavgauluaniudisu gﬂﬁ 5 (c) kanINIT
Wadgyayraliidetnndszgnisesnteinming1de

waz3un 5 (d) wanamaladgyaalnidernndunis

PONNADII AUEIRU

JUN 5 wanananis run uudtaedludsiasyiaia

wennil lavinnsafauuudtaeslugduuvany

'
o

1R (Animation) WiaaNanasswazduUselosdlung

lUldanudmiudivuaulevisuasfvinnisdndula

Y

Aauandluguin 6

JUN 6 uansmaiwuudnaedlugUiuuamils (Animation)

YBIN1TATNT
3.3 N13DNUUUNITNAADY

Tuaudded Iiinisesnuuunisnaasuiie
Tgan1un1salnigg (What-if Model) Tnsuuadu
aosgUnuuniImaaeInan lagnismaasausnidunis
ponLUUNIINAADY WlalSeuliisunavesnsiadaa
Tnuuuwihfunnidunmsiasuuuiuanasiunuduma
AN (NTUNBNTUTIIIUUALINNDUNBATRAL) LAY
WUN19589 589 (UsEANN908N 1 119000 2 Wagnening
939 Tnouwdsesnidu 6 anunisaldes (Scenarios) Ao
(51-56) Adaadyaalnasasuhiiluusazdums
uazdn 6 anrunI1sales (S7-512) ﬁﬁgmmsuaqé’agﬁym
519 5UAnAAUTEIIN LA UM N LAZLEUNIS 19
wanslumsnad 2 wé’amﬁu%aﬁwmﬁLﬂswﬁmgmmu
mim%nma"'zyzynmlﬂamaiﬁ'mmmmﬁlqm

(Optimization)

M19197 2 wansnsaasusunadyaall Guiil)

JUuuu | R1 R2 R3 R4 R5
S1 10 10 10 10 10
S2 20 20 20 20 20
S3 30 30 30 30 30
sS4 40 40 40 40 40
S5 50 50 50 50 50
S6 60 60 60 60 60
S7 60 60 10 10 10

G|
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S8 60 60 20 20 20

S9 50 50 10 10 10

S10 50 50 20 20 20

S11 40 40 10 10 10

S12 40 40 20 20 20

uonanid n13naaesd aesidunissraes
HANIENUIINNNTANTINIUYBINNITITIVTVINAUNNG
11393195980 F9919LAnann1sUTUYIUL nTe
oUfmniiAndu lnsudady 3 anunisaldes (513
515) fauansluasisit 3 Tasmsvaaesit S13 1unns

Unauu 1 Yemsdmiudunianiudrsullinveay
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Tunnuduma (51-56) dawalsirniadsvesszeznainis
éi"mﬂﬂuizuuﬁumiﬁmﬁqmdwmiﬁgaﬁﬁzyqpmlw
as19siunnestulundazidunig (57-517) G anadilé
JulumufiaalidesanuSunasedidyastudums
wdnfunnnitsaludumsses fatunisuSudaaadlv
TunndumeivinfwiliAnnslinalnesuvessaly
38UUﬁgdﬂ’i’] Wlnsvianuilaeededingt was
F1unundsiisangainnnit WeFeuiisuiunisus

Foeadluananeiy

AN5991 4 wanIARAYTEYEIalUSEUUINNSUSY

sypznatdyaaln Guiil/fu)

n1snaaesi s141dun1stnnuy 1 Yeamiedmsu iy waniade rmaind ialnqma?{a
dunanvgauluazugisu wavn1sneaesd 515 1y Guni/i) (lawms/w) | 5y
msUnauuetisay 1 downsdmdusisaeaduniamdn > ra.et >80 209
Fovudunisnnniudisulinvgay uasidunisann 52 804.90 >-64 884
wygaulUsut3U 53 753.04 6.60 >33

S4 895.58 5.78 7.55
ANSNTT 3 LARSNNSVIAABIAATILIUYDININNITIIINS S5 906.98 6.82 508
Wunne | Rl R2 R3 R4 R5 S6 491.99 8.06 5.05
UagUu | 31w | 3w | 21au | 2y | 2 Wy S7 241.91 10.78 2.83
S13 3@U | 20U | 21U | 218U | 218U S8 560.59 8.29 4.05
s14 200U | 31@au | 218U | 2@u | 2 16U 59 269.26 9.98 251
515 200U | 21@u | 218U | 2@u | 2 1au <10 713.26 707 500

S11 194.45 9.95 2.53
4. NANIINANADY S12 423.89 7.18 3.95

4.1 wan153nTERNsUsUszEsIandyaalnasas

wammﬁauLﬁaumiﬁy’aé’mﬁgmiwLmuwhﬁ’unﬂ
L UNILATLUULANA 1A Y LAgTTIN15ILASIERRE
sruzatlussuulaeas Ausisalaoiade uas
Fruaundeii songalasiads uandlunised 4 las
wanImanTIeseiEa 1 Saluemaainisdayastutg
v a5 run 100 58U (terations) € sWanIS

AnzinansliiuinnsneRdygralnasiasimindu

wenani il evnseszsiaruuUsUsu
(Analysis Of Variance — ANOVA) [29-30] 5£314n15#4
Ardyeralasasuuusiiulukaazidunie Laznns
FaAiunnset wuIHAMNLANER 19 Tud Aty
V9adn dmsuaadevessvagiaiusyuy (Pvalue =
0.006) Aasaads (P-value = 0.008) wazs uIunds
Tumsugasalagiade (P-value = 0.001) Inglduaand

71 0.05 fakandbun15199 5
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@

ANTNT 5 LARINANITIATIZAAURUTUTIY (ANOVA)

Source SS DF MS P-value
ranadslussuy

B/W Grs 390169 1 390169 | 0.006
W/I Grs 324751 | 10 | 32475

Total 714920 | 11
Ausuadeluszuy

B/W Grs 17.64 1 17.64 | 0.008
W/I Grs 16.75 10 | 167

Total 34.39 11

sovgaiaaeluszuy

B/W Grs 39.49 1 39.49 | 0.001
W/I Grs 22.24 10 |224

Total 61.73 11

gl U9 8 atull 2 (@guieu - Suneu 2563)

\ f\\ p 0
200 m‘: \/ L\I f‘"w’“'ﬂuj \ / \"r,\/\f"% /\‘(\j\’-’\f\ﬁ\/‘\l /\v‘(\ /\’ /L\M\f\t \;

~

100 f
P

50 /

00:00:00

00:08:20 00:16:40 00:25:00. 00:33:20 00:41:40 00:50:00 00:58:20

@ Average time in system, seconds

ou
50

400\
=

|

00:00:00

=V ¥ \’v" Ao ApAA W\,—M"\/\J\m’\f

00:08:20 00:16:40 00:25:00 00:33:20 00:41:40 00:50:00 00:58:20

@ Average speed, km/h

.y

25 \/

v
o

Jupauneun Wumsiesgimatsyeziiaives
Tyanlnasasiadign (Optimization) Insfiansan
Anaderesszeznatluszuy Tnevhnsieszina 100
59U (terations) Aaelusunsy Anylogic %nwudwgmwu
3383nmmﬁ?@ﬁﬁmmmlﬂmmﬁmmzauﬁqmﬁa
(R1) Lﬁumum‘uqm—qﬁwﬁwswﬁ' 25 3un9; (R2)
Rt U-nTeand 60 3 (R3) duvnaann
‘Ui%@jd‘ 14 10 3undi; (Ra) Lé’umammﬁzaﬁ 27 10
Funf; way (R5) duMIeaInneRnAasei 15 Jundl
AIUEIAU LABLAAIHANS run TUTLATUAINNITYIN
Optimization @115 U128 svo33a1lusEUY A
AISade LLazf\i’wmumgaﬁimqmaﬁ'ﬂ Tuunas
2291781 Iugﬂﬁ' 7 LAZUEAINANITILATIZ NIV
Optimization lugufl 8 dmuinAededifiigavesan

'
|l

lusguvegl 189.53 Funil/fu Armnuiiedeeyi

11.48 Alawns/Alue wazduiuaTansaveaRieagi

2.48 ASY/AU ANUAIAU

0
00:00:00 00:08:20 00:16:40

@ stops count per car

00 25'00®00.1320 00:41:40 00:50:00 00:58:20

JUN 7 wanena’In Optimization Tuuaazyanian n)

ARdgraIalusEUY ) AMUSIRde Lay A) MU

ATINSINEALREEY

Best
Iterations completed:

Objective: |,

189.53

Parameters Copy best
R1 25
R2 60
R3 10
R4 10

RS 15

1,400

1,200

1,000

. _\ih
200

100

500 0 s00 1000 1500

wmluTIUIuTE 189.53

speed 11.48

stop 2.48

JUN 8 uanINT53LATIEY Optimization Ve Iadeyey e
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4.2 NaNFIATIZHNITANTIUIUYDINNITITIVS

Tuduneusont Wun1siwsginansznuan
AsansIILYeIMIINITsIasILiiaulvlunnseil 3
(513-515) dedanaliinnuquaznissosdusnoudls
Uogas IWEII%EULLUUWWW%M’I‘UaﬂﬁiyiyﬂmVLW%ﬂﬁ]iéhEJ
Heulviiatigaluideiiudy uagvinmadaadug dmiu
wuuSaesiinannduludnvasiy Tnenansiasize
szozhattuszuulnendsdiefinsanduiusafivdinm
Tuszuuwindu uandlumsnedl 6 dauansguuuunisan
LAULAZHAAUNUILUUYBITAINNT run §IUSU S13

514 way 515 Tugud 9

A157199 6 LERIARALSTEZLIATlUSTUUIINNSUSUAR

UL Qurr/Aw)

suuuy Taqdu | S13 S14 S15
1A1LRAY 189.53 | 221.74 | 239.24 | 313.07
% andidia : 16.99% | 26.22% | 65.18%

U7 9 uanIn1siAsIEinIsanYemedmiu n) S13

LUUaANTNY0INIe 2) S14 LUUaAnilNtoInIe uaz A)

S15 LUURAEDIYDINNY

@®|



@

M5ATINENNTI

Wil nan1siwssiuandifiuindlowssuiiiou
A5USUAAYD I ML EUNIRENTENINUEUNI931NTY
Fr1uluiargau (S13) wastdunisarninygauluaniu
F159U (514) ud2 wudrmnsndudesriinisannis
2D NUINNITANTBINIMULEUN D UNBINTUY
F1510lUiavg A (S13) azdenansznuiifosninile
Weuiunisandessluduninindunenggaulin
3ug1U (514) Tneszeznain1sdyasinewad oflui
wnd uain S13 Aadu 16.99% aqu S14 ALy
26.22% UBNINT NUIIN1TANY DI 3809 4015
AUNNG (S15) A AINANTENUABTEHLLIATUNITIAENG

AinunTUAATY 65.18% sud1ay

5. #3UNaN1339

NuTTed i unisWwauILUUT1a09N19
AONNALARIA1Ms UUQYurIN1995195US U Lendi i

o
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A7)

wiumIng1deguasivsd Meddyninisesiasiu

'
v v v oA

nsflAnwildanuadududeullionnniiuszgniesni

v o

soidlesiuansusy daildynralnenasassdyanlyl
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Aududeuissnniitemnsnisiusaiiuiainwans
Foan19 Fefisuaugemnenisiusadilduinfudmsu
WEUNUEN (SEWINOUABITUTITIU WareLnoLa%y
903) UAZIAUN1TDY (MIAUNIINUARZUSEYN 19BN
YDIWIINYIRY LAZIINNNNONNADT)
1AgNan1INAaD9I91NN15US USEUELIa1U
foyaadlnasias LLaﬂﬂﬁLﬁudwmi&?ﬁwsnmé’@yzym
IwsheReulviiAnanfoidunanvenu-13udisud 25
Fundl uman3udisu-negauil 60 3undl éuma
mnﬂiz@maaaﬂﬂ' 19 10 Sundl \dun1931nUsen
yseendt 2 1 10 3ufl wazldunaannenniasedt 15
i auansu lesdsralisseziatlunisidunisly
svvulneiadedfian uonanduanisdiassnisan
SIUIUTDINNNITITINTNINEUNNNITITINITNEN Ll
AAs1eiNansENUaINNITaauud fineatdyasi
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M3udrsluinvgauazdananssvuiitesniinisan
Faamdludumeainginewvganluansutisu
uiitaauiwanisidedildanauided
annsaldvenenaiiensianisesasesadussuy
Ialuanunisalduq sold shad fentewesnuisely
auARELAMANEFULUU [WUNTIATIENIT TR

ada

dasiiun msiunsitesgilunstfainisuesanse

Wasuaullunvesiidyes viemsideuseidumenis
Aumefisntu Lﬁa@jmaﬂiwuﬁawﬁmﬁuﬁidﬂ %39
NMTATIYlAgRTUMENAUTULUUY T LAE V88N
MnuAnends uenaniluiivaulafiasyihnisadis
wuuaesdygralvasasuaziiasziing lneiarsan
lusvuvuimalulagnisavaudyaialnasasiuy
A199 lwumsldsvuuunmsudsiumunsiisalussuy
93133 (Vehicle activated signal control) waz3uuuu
11508 BUAINUS 11 095195WUUUSURD (Adaptive
signal control) Liudu Tage1asinnsiAsiginisdn
ﬁwmwmlﬂuwﬁamw%mmaﬁm (Semi Actuated
Signal Control) ‘vﬁaLLuuﬂ%mmaswaLﬁugmwu (Fully

Actuated Signal Control) Tuewanlanely
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The Study of Forecasting Techniques for Aromatic Coconut Monthly Prices
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Abstract

In aromatic coconut supply chain, the price factor is important and affects the harvest planning of
factories and farmers. This research was to compare the accuracy of forecasting techniques for aromatic
coconut monthly prices of No.1 to No.4. There were two methods for individual forecasting: decomposition
and Box-Jenkins. The top-down method of hierarchical forecasting is analyzed. The result indicates which
method will be used to forecast aromatic coconut prices. The forecasting techniques were compared to a
training dataset and a testing dataset with a mean absolute percentage error. The results revealed that the
top-down method is the best technique. The mean absolute percentage error was 0.24% to 1.10% for the
training dataset and 9.25% to 12.38% for the testing dataset. In summary, the top-down method is the best
forecasting for No.1 to No.4 of aromatic coconut price but the tracking signals of No.2 to No.4 are out of
control in the last 6 months. The aromatic coconut price was adjusted by the linear regression. The mean
absolute percentage error was 3.20% to 9.92% that could increase forecast accuracy for No.1 to No.4 of
aromatic coconut price and this research could be applied to assist in supply planning by coconut

processors and farmers.

Keywords: Aromatic coconut, Forecasting, Decomposition method, Box-Jenkins, Hierarchical

forecasting
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Absolute Percentage Error: MAPE) Lagm 1A
Aa1ALAG aur1dsasaade (Mean Square Error: MSE)
NBUNIEA ALY snennsalaaeia [5]
wennil Pradita et al. (2020) ldUSsuiiieumaians
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YuU1a [6] way Pradita and Ongkunaruk (2019)
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IBn1snensalsmuEnSINawRITNaIuR 835 US Ul

a 1% 1% ad o

Soumoduldnaviduuriumeduayistend - wu
Aud Tneddiduldnaed mdsuuuiumesiiauusdug
N7 WeUSeuiioudie MAPE [9] wazauiseves
1TNAUT (2561) WUINTAITIANENI1ILTINalra A8
Uend - wuiuduasiUSouiisunie MAPE wagineus
59N 499909AILARINLAG DUAIS sd@0aA B8 (Root
Mean Square Error: RMSE) fudamsnennsaisu 9 [10]
YenaINduiTevesdsusenn wazame (2561) 16
wernsaisiuEndivendasitlsadiumesuaslii
simiinensallauldlunisnamunisifiuieinaznis
YUdURIRAaMNTIH [11]
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logldwmalan1sneInTal auNIULIAIRLUULANIE
Usgnoun 38 35314 UNedA UTENaUauNTULIAN
(Decomposition) §s¥i1n15uendiuiifisnsnanens
nensal Wwvend-lauiud (Box-Jenkins) Wiguiiiguriy
F3nswennsaladudu (Hierarchical) #aen1sfiansan
1NUUANEN (Top-Down) TngtUIsuiisuaiuiugn
P09N1INEINTAIFIE MAPE §9n15TaA1uRaIALAG DY
o3n1IneInTalrelingIuinisnnswensaliiaau
Qﬂéfamﬁaﬂﬂ Tneidonisnmsnensaliilidaruaain
Lﬂaawmmam INUTIBUYDY Montario et al. (2013)
Ifutana MAPE Tnednaaaiandeuiiesndt 10 uang
T1nsneInsaliAduulug1ge (Highly Accurate
Forecasting) énAnanmLadauaglugae 10 - 20 wanai
vJun1swensal v & (Good Forecasting) 6161
AaaLAdeuDElut 20 - 50 wansindunsneinsali
dutvn auna (Reasonable Forecasting) hag 011
1NN 50 wanes wduntswensal il wluen

(Inaccurate Forecasting) [13]

2. 3113738

MIMuELNBAUAmendven Suuses
finsansauzninimesiia Wesmngadenn
Fundslunmuggnia nalnmiamana waztladedu 9 4
Aerdes wazdminlsanuvdeinwnsnsanunsansu
siamthiifinnausiug: silianusadanisaiuny
duyulFesnsdivsyaninim lnetunouniside Ui 1

nsuUsdoyanaueni T men duus T wa.
2556 - 2562 \Ju 2 4n Usznauaa maga‘gmm 1 @8

v

Ty ad mIuas1awuuTIaes (Training Dataset) Ingly

[

Joyanwe U w.e. 2556 - 2561 Uazdoyayail 2 fo

v

Foyad1msunaasuwuudaes (Testing Dataset) 14

[

foya® w.a. 2562 Insauidsiadredeyasaiuznin
whwou Tugunuudeyasieifiou (ndividual Forecast)
wardayas18l (Aggregate Forecast) lnaiuSouiiiey
18n1sne1nsal a1y MAPE LazAd g afi ani

(Tracking Signal: TS)

5’)U5’J&I‘U0uﬁi’lﬂ’1
&IVWS"I’JU’WIE)XILUQS 1-4
U n.f.2556 - 2562

I

uistayavanilu 2 ¥a

doyadmiuasiawuudnass

(Training Dataset) (U w.6.2556 - 2561)

JoyadmiunaseunuuTians
(Testing Dataset) (U W.¢1.2562)

.

a <o o
WATNTRANYUSVBYA

l

asnedoyailu 2 guuuu

v

afadoyailu 2 gUuuu

doyasiuiiou Foyaswl

(Individual Forecast) (Aggregate Forecast)

)

Foyasuifiou

(Individual Forecast)

Foyasiwl

(Aggregate Forecast)

|

l

wWiwuifisuAn MAPE way
TS 994 A1 A AuA1ada

WaBULiBUAY MAPE 299
Individual Forecast uaz
Top-Down Forecast

aaaaa

wazidon ’Jﬁ‘i/lﬂ‘i/lﬁﬂ

wWRuuiiivuan MAPE way
TS ¥4 A1 B AuA1a3a

wWivuiiudt MAPE w83
Aggregate Forecast way
Bottom-Up Forecast
LLﬁuLaE]ﬂ’Jﬁ‘VIﬂVIﬁﬂ

addad

!

o ° Ao
huuudasidiigaun
WonsalAEiou (A)
(Uw.A.2562)

l

gﬂﬁ 1

v
o

duuuasaifnmna
wensaisIned (8)
(U wn.f.2562)

JURDUABRUNUITENITNEINTAITIAN

v

USuAmennsalsnnuaaiuaiii MAPE
1NN 10% waz TS aguanyae
AuUAN (-6, +6) Tavasnaunsnnnoy
Wady wazidenuad

il MAPE toviidn 1ugau

|
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Asnensaiisdend-lauiud wazniswensaldsud
LUUULAdEN 9Nt siUSsufisuiiioldenia i
fian uazhuuudasunnensaiseugnin Tl wa.
2562 (A)

An1swensaiuuused lndSeuiieuitnng
WensalLUUTINTIOY waznsEInsalSduTLLUUE
Juuy lneidenisiafian tethuuusaesmeains
nensaisuset Tul w.e. 2562 (B)

FusunIsNadauLUUIIane Lnd1AInNeInTal
51011uU WM. 2562 V89 A kag B uUSeuiisunusin
J3waEnEIhveNdie MAPE wasdwia TS ainti
NsauAmeInsal nenrualiaine1nsalill MAPE 1a
Wiy 10% war TS leonuandasiimnun mniuaii
ARUALAUSUATNEINTIAIUEUNSONDBELTUEUTE NI
wgndvvenudaziued Tneidensiauswiitiven
\esil MAPE eufian uay TS lisenuentasdifivun
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Jugulunisadaunis
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2.1 NFIATITATIAINTNEIU U

Gﬂgumaumﬁa‘i’aL'%vmmmﬁm’faaﬂaﬁmmw%”n
vmensieiouued 1 - 4 1Junan 7 9 deud U woa,
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AHaRI1AUENT 1IN LALA ABTITUIIR N3
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2.2 N15E319UUUINFDANBNEINTAISIATUTNED

Uau

muideildadauvudiiass Tngldteyasien
aus T wet. 2556 — 2561 §1uaU 72 Lo Lilenensal
s1Auzndntveuseiou Tngldinadanisnennsal
Ao N13NEINTRINIEITIILUNBIAUTENDUBYNTULIAN
Asnensallaeistend-lauiud wazn1snennsaldsu
Funvuvuasans uasiitemAmensaismsed Tagld
FBnsnennsallagsy wasnsnensalssutuwuuans

Juuu

2.2.1 M1SWEINITAIA8TTTIMUNDIAUITENBUDYNTH
1280

ATSNEINTWUULANILITUTA A T590un
DIAUTENBUBYNTULIAN %adauﬂizﬂaumaaagﬂiunm
Usznausie nswakwildy answaggnia dmsv
Svswatpdnsuazdnswaninmgnisaliiaundlaitue
fiansunddosannlyaiunsansiuldindninaniasias
Walugnaile [14]

N19ILATIEAEUNITUUIL T UUDITIANNENS 12
Yvousieiiou 14TUsunsy Minitab 18.0 auieiid
wuusasanltunisanaesfifdnvasduaunisids
#9049 (Quadratic Trend Model) \fiesanfimuianais
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M597 1 svilganiasieinau (%)

oy 1 2 3 4 5 6 7 8 9 10 11 12
SNy Llues 1 | 98.94 98.93 | 100.56 | 117.34 | 138.59 | 135.88 | 106.93 | 90.65 | 81.57 | 77.48 | 76.32 79.8
SN;LUes 2 | 98.42 99.58 | 100.73 | 118.4 | 14278 | 140.38 | 103.52 | 88.24 | 80.94 | 74.64 | 75.67 79.34
SN:LUas 3 | 100.77 | 102.39 | 104.79 | 117.42 | 147.37 | 138.79 | 99.32 | 8831 | 78.57 | 74.31 74.19 78.60
SN:LUBs 4 | 101.09 | 99.19 | 103.62 | 122.67 | 152.96 | 136.96 | 102.34 | 89.65 | 78.13 | 72.29 | 71.52 74.45

Weldguwuuiulduvesnaugniniyimvey
$MNN5IASIEINSNEINsallaglai S I wuneenUsenau
aunsuan TugULUUNARAMYaINENS 1Y MaNLUDS

1 - 4 loglgaunsuudldy Asauni1sa (1) — (4) mMuansu

Y, = (13.24+0.356t —0.00327t*)SN, (1
Y =(12.82+0.287t —0.00263t%)SN, )
Y, =(9.97+0.338t —0.00337t%)N, (3)
Y, = (9.97 +0.251t — 0.00249t)SN, (@)

el Y, Ao Amennsalideud t uaz SN, Ao

duliggniasieiiou a Lioud t ntfurinsUszan
Amsnes 1 emulumdviggniasieLieu
(Seasonal Index) Tagld Excel Spreadsheet Tun1sa$ns
wuudraes Jauansiviiggnianeifeusiniaed 1 uas

LEAS MAPE 6199157199 2

2.2.2 mMswensailagIstand-taunud
NSNEINTALUULRNILITNa0s Ao F500ng-1au

a i3

AudidunisTimsiznounsuaailagnisnigluuy
fumngavlniveynsuaan (15] ilesnisdanunsa
Iasrzviilanduandunuslumiies wasienduandunus
TuflosuedIuil ansivaeudiiliaunsoneudiule
PINMINGOnTeYA [16]

9103 Sod 19wy Predictor vesldsunsy
Oracle Crystal Ball Tun1sidenisnastunisweansal

wazidion Prediction Interval aglugs 2.5% - 97.5%
nmsngnsaiuuuiangidenly Ae 350end-lauAud
Faduisdanumunzanduounsuiiati 9
dutsznovresuliuarggnia suuuulUvesisl
Ao SARIMA usinnaynsutiadiiesadiulsenouras
wnliazgnangume ARIMA [15] Fauaninafinisng

K

A15199 3 ANULLUEIVRINITNEINTAIAIEITT NG -Lau

Aud
. MIAATIEN Filnan MAPE
M9 2 AURIUEIVDINITNEINTAIAIETTI N as SULUU (Best Method) %)
9IAUTENOUBUNTULIA wwaldy | ggn1a
Lwes aunsuuIlN MAPE wes 1 v v | SARIMA(1,1,1X1,0,1) 10.95
(%) wes 2 v v’ | SARIMA(1,1,1(1,0,1) | 13.06
7 A wes 3 v v’ | SARIMA2,1,2(1,0,1) | 12.41
B LY ~(13.2040.356t-0.003271%) *SN, 15.62 _
1wes 4 v ARIMA(1,1,1) 19.61
W32 1Y - (12.82 + 0.287% - 0.002632)sn, | 1643
wes3 |y 13.93 S m - PR
Yt = (9.97 + 0.338*t - 0.00337*t)*SN; L BLUTIULNEUNALNAUANISNYINTUUSNT 1)
WS4 1Y - (9.97 + 0.251% - 0.00249%) *sn, | 2317 UMOUAIINITNYINTAITIERDULUULANIE AD FDIWUN

mﬁﬂwnaua‘uﬁmmam LEAIHARIAIT NN 2 Lag
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5n1snensalistiend-aufudalefleandu Predictor
994 Oracle Crystal Ball 3101715797 3 laa 35019

NYINTUUURNITAANAR WU SIANUEN51UBS 1 D9

3 Tdnswennsaliedstend-aufiuduuy SARIMA Tag
fl MAPE winfiu 10.95% 13.06% uay 12.41% §anns
Anszsigunuuresneialiuuazggma dwsy
srmgninuimenves 4 lmsneinsel B5dend-1au
Audiuu ARIMA f1 MAPE iy 19.61% Lilesa1ns1an
ugwimtmeuiues 4 AiftesgUuuuuwliy lifisuiuy
99n1a

MnduAfelfiusuifeuisnmeinsaiuuy
W ATl aatun1Inensal IR U T UL UAsENg

wialiladn MAPE Nitloevign uaedl TS aglutisiiivun

2.2.3 mMswensalfaeitduty
nswensalarfutuiinsinnsanuuuisuuas
819 (Top-Down Approach) wa¥IsanstuuY (Bottom-
Up Approach) [17] af’ﬂwfjuauﬂimamﬁl WOuluana
Tassadrsuuuadudu wanasaununisui 3 dadu
Usglomilunisngnsainnudesnsvansvsnaviile

seaugaiidoyaiimenvse liauysal

__[rotal)__

JUT 3 unugiiduliigedduduuuy 3 seavu (3-level

Hierarchical Tree Diagram) [17]

Asnensalaiut unuuuuasatadunis
wensaldoyauvuianzseiouiiinannsAuIn
dadnvesdeyaiifesnsneinsaliudmensallngs
FatoyaumneAuteyafiirnuuyssugs

dmdumsmennsaissutuuuastuuudums
wennsaltoyalaesunedainanmssmameinsol
wuuamzitieiy nzfuteyaifauudsusnll
a

n1sUIAINEINTal laesau (Fagg)mu’?f\]‘"ﬂﬁ
W3 BULBUAINEINTAIlAETINTE NI NHATINATNY N TS
36 (Aggregate Forecast) funsnennsalddiutuuuy
a9t uuudasanAmensaifildannisnswennsaliuy
e Aigafidanuaaiand eutosigaiddedu
WUT NETINTRITIATIERIUINAISNE NSl
fio uzndntmewues 1 8 3 wernsalfedstond-Lau
AUALUU SARIMA dhunzwiiimenued 4 1435 0end-
\uAudLUU ARIMA TR MAPE Heefian Saianldly
msfunamAmennsaldidutuLuUULasEns

AsAuERdIuMS 8RN (Weight) 994

Tayaiideinis lnvtdeyasimugniiumenluedn

U

(U w.A. 2556 — 2561) mmﬁﬂfmﬁﬂﬁmmsamﬁ'ag
aeldifoulvaunmsinguszasduazdodiin daaunns
(5) - (8) aumsTnQUsrasAFioan1Imn MAPE fitfasiian
ToIINADAIMNEINTA WA ALLA DN UNAR AUBIAN
vndnudavideunazAmensallngsanainisns
wensaluuuieneiafgn Inefiduusinauladenn

Upinvaakaaziiau (W)

AN5197 4 ANULUUETIINAITNEINTARTAIAUTULUUUUAIAS

LUBsUBY MAPE (%)
m:wmu Amiwidnles | Amiinlee P S Athmtinlag Anminlng Amdnlag
e Joya 1Y Joya 2 U Joya 39 Joya 4 Joya 5 Joya 6 U
(2561) (2560 - 2561) (2559 - 2561) (2558-2561) (2557-2561) (2556 - 2561)
Wwes 1 0.24 10.90 9.58 10.80 10.60 13.18
wes 2 0.66 13.82 10.98 12.64 1231 14.62
Wwos 3 0.28 16.19 13.20 14.55 13.93 15.92
o3 4 1.10 15.68 14.23 16.44 17.08 20.50
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aunsingUszase
Y Y.
> tY t‘xlOO
Minimize MAPE = =2t (5)
a1
YAt :VV[FAgg (6)
N
Z\Nt =1 (7
t=1
0<WwW, <1 (8)

fMuuatn We  fs andutinvasieud ¢

Y,

t
Fagg A9 AMEINTadlagsiu

Ao Awensaliieud ¢
Y, Ao fasudeud ¢
N fo Srwnwdouiineinsel
o319 (6) Av AMEINTAllULAELABUATLIN
MnuaRUBIATIMENuAIReuT URAT AT NS
s1edflFannsnensaisuuamsddefu das1in
(7) wae (8) Ap HasIVRIAIIMTIAYAAY 1 wazen
dhminudazifousylugis 0 1 1 aeiamensal
1AYSIUADNATINYDIAINYINTAILUULRNIZSIULADUIIN
3871 MAPE Voeitan
mu’ia‘i’aﬁymﬂ'wuy"mﬂ’ﬂﬁﬁﬁ'qm’mﬂﬁaﬁ'w
wuusiaedtneld Excel Spreadsheet 91nunAdam

Tngmanihminlusdazifiouiinfian wWelill MAPE e

v
U a I3

Agasae Excel Solver 9101 uALATIZH M T1UUDT
varldmendvenionzas
nswensald1eIsa Ut uLuUULAtE 199N
P15797 4 uana MAPE 93nsnennsalsianiues 1 - 4
Imai%ﬁiwﬁmﬂ’m]'1ﬂmimmﬁmmxamﬁqmauw{az
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Abstract

Rapid degradation of the environment contributes to rising severity of disasters in recent years. Once
a disaster hits, a disaster relief aid delivery mechanism is triggered to deliver the relief aids to the needed
victims. In many cases, timely deliveries of these aids are vital to the survival of the disaster victims.
Therefore, it is important to sufficiently stock these relief aids under uncertainty of disaster. This research
assimilates the situation of a humanitarian organization. There are five different relief aids and 10
humanitarian aid centers throughout the country. The majority of the demands of the relief aids exhibit
intermittent and lumpy behaviors, so they are forecasted using Croston and Syntetos & Boylan methods
together with seasonality index to give more accurate results. Then a mathematical optimization model in
which its objective is to minimize the total transportation and inventory holding costs between humanitarian
aids centers is formulated. The model also allows transportation of relief aids between neighboring centers.
The model is tested and compared with the current practice that only the transportation of the relief aids
from the central location is permitted. The results show that with the transportation method proposed in
this research the total cost can be reduced up to 13% in a certain month due to short transportation of

the relief aids among neighboring centers by which the time for the aids to reach the victims is also reduced.

Keywords: Demand forecast, Transportation and inventory holding costs, Disaster, Intermittent and lumpy

demands, Prepositioning inventory
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u - (2.2)
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2.1.2 Ausamatunatadeiiliianudosnis
(Average No-demand Interval: ADI)
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N133UUNFULUUAIUABINTT LAgTiA1TU19IN
W15 Ima 9@ dulszans AuulsUsu
(Coefficient Variability: CV?) wazAmuaadefilyd
A11UADINTT (Average No-demand Interval: ADI) lag

anansauUsldmusui 1 (Wsudseann [3-5)
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Erratic Lumpy

V' =0.49 —p

Smooth Intermittent
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a & aa o & ¢ o
windulueuian 35n15danaaziludseleviiunis
wensalluszerUunanawazserend LAy
wdTauAldA g nasWila wazUszaun1saives

v o

{18 eavgns o usmsiduinael egndlsfiniunis
ngnsalidsnanmiiteidsludnsiiuu]on wmee
agldileeAUszuIin1s 38nsmensaiiananind
Heuldilag 5 35 A T3wmanie (Delphi Method) 35M3
Weunan (Marketing Research) F5dunuingy (Panel
Consensus) 15A15NEINTAILUUIINUEY T (Grass Root
Forecasting) waz 35n15nensald 8nadadundn

(Historical Analogy)
2.2.2 F3n1swensaliBeusunn

Asnensaldsusuna Wuisnisnensainly
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sUnuuvesdeyafsianivesdoyaiazidululaly
awAn Fan1swennsaliieUiunaanunsaudeeniimiu
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(Casual or Explanatory Methods)
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uazandNWus (Correlation and Regression Analysis)

2.2.2.2 MswensallagdsInszieynsutaan

(Time Series Analysis)
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1. 35n15A1aa Biad aufi (Moving Average
Method: MA)
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2. 35n15U5usoud ng ldiwudvang9dne

(Simple Exponential Smoothing: SES)
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FuUszan3 a Tun1susuiseu (Smoothing Constant)
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3. 25 Croston (Croston’s Method: CT)

Wnldd1msunirsnensalA1us 890158 UAN
Uselam Intermittent way Lumpy lagnsiuenneinsal

USUNUANUABINITAUAT WAZAIUNIAINIABINITIIAUAN

a v a

TnetuulinudiAgyiuanIunsalnaAuRInNIsauAIEl

v
v

Andugudnaienssfiasaiu aunisniseuinuiaal (8]

Fipr = i— (2.6)
Zi=aD;+(1—-a)Z;_4 (2.7
Pi=aG+(1—-a)P;_4 (2.8)
Tl

i A9 frtiAIULna

D;  #e Ysmmenudesnisluaudi i

Fipq 8 fwennsalsneds Croston Tumudl i 4 1

G; o ArunieweInIuna sErienu i Aifinan
Fosnsfupruiiiiannudesnisioundiiu
(Demand interval between the demand in
period / and its previous demand)

P, #e Sunumunafildainnsneinsaindanin
AUl i (Demand interval forecast after
period /)

Z;  #e Usinaemudeanisiléainnisnensaives
AUl i

a fo Adudsydvdiieiogiugag 0-1
4. 35 Syntetos and Boylan (Syntetos and
Boylan Method: SB)

Judsnsmennsalfiusulseninisues Croston
lngiinsmdnalueuldes (Bias) 8ona1nnisAuI i

aunnsAuIRanalul [9]

Fipq = (1 - %)i—i (2.9)
Zi = aDl- + (1 - Of)Zl'_l (2.10)
Pp=aG,+(1—a)P;,_; (2.11)
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Tnedl dyanvalrieg Wuuieatunsweinsallagds

Croston snviuaensed Fipq Tuniduanensal

9133 Syntetos & Boylan lupudl i + 1
5. ﬁ%ﬁqgma (Seasonal Index)

ANSNEINTUUIUIUANUADINSNTTTTUT IRV
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§A,n18a (Seasonal Index: SI) 1A A UUTUIUAIY
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[

(12 Month Centered Moving Average) il [10]
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fgaNafiuN1NeINTalnie3s Croston kag Syntetos &

Boylan 433 Croston with Seasonal Index (CTSI) uay

15 Syntetos & Boylan with Seasonal Index (SBSI)

AIlPINNENNISA 2.13 wag 2.14 sUaIsU

Fipn =251, (2.13)
Zi
Fier = (1-5) 251,

2/ P;

(2.14)
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2.3 NFINAUAANALAABUVDINITNEINSAL

Tunsdenisimunzadlunmsnensaliesune
ﬁﬂﬁmsmmﬂmwmmmﬂﬁauﬁﬂqmﬁﬁmﬁu Faduns
WIAAULANAISTENINANTALANT U3 Iuaz AT laann
mswensal lunuiseimuaaueainedoulunis
wenseilneds anueaaAd suduysaiiade (Mean

Absolute Deviation: MAD) [7,11] lnefls1eazidensall

muAmLAdouduysaiiads Analdainnis
UIANENYTAIYBIAIUUANATNTENINNAIAIINABINTTAT
wazAmensaiflaluLiarAUINT AU LR LA
Fresurumunaifiansan win MAD fiatesuandin

AsnensaiAauindlnamesiuAuTuase Tneflaunis

ey Ral

MAD = ZizalPioFd (2.15)
n

Tnedi

i fAe svllmuna

D; o Usuamnudesnistuanudi i

F; fo emennsaiausiosnsluanud i

n fe Suumunaiiiasan

2.4 MIMAMBUNMUIZANTEA (Optimization)

n1suIAIneU uzauiian 1Juisnisnis

AlRFNERSToMLLINTRTNgatun1sldminensisiey

q
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dnidlomils nIanisinuanisnanduatieliiin
Amauwugeiganielinineinsnisudaiddndn u

AU NSMAMBUNWINTauTEn JesAUsenaunavin 3

g [12, 13]

1. fuussindaula (Decision Variables) 1usauusn
fnaransanduls danvdsulUadlslasnaves
MIAsunlasiinananislanadnsnunsay

‘1'71%191 (Optimal Solution)

2. o370 (Constraints) LHudarfuundiiedos
Funsudtym Ssanansamunsiuann1sege
LﬁaLLamgﬂLL‘U‘Ummé’uﬁuﬁ‘mnmﬁmmam%maﬂ
fudsdnaula

o

3. TmgUszasd (Objective) Wumsiadhmnense
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Asisapenisann AUy 1y Syavmafidu
ﬁqm ﬁ’ﬂ%’ﬁi’mﬁ"wqm mamammuﬁqﬁﬁqm WHusu
Tagvhluazilog 2 sUuuude

a. Maximization A &Jmﬂ'ﬁﬁwauﬁﬁmaqﬁqm

b. Minimization fia fiBeN 1sAMBUNIARTIAN
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@Y 9 Aarudly 2.uATATETINIIY uazay 10 Aerudly
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©

B
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JUN 2 Tassinensvudedaveasussinignd
3.2 NM33UUNFULUUANUABINTS

NTYaUTUIUAIIUABINIT AIUITAXN
A1uAA 1 COV2 WAz ADI ANaNATTA 2.1 - 23 Ll
FuungULUUANLFDINNG 3197 1 wanaannsI LN
SULUUANNABINTANYSELANA WBIUTIMNNT V8l

Audlinutiemdenie

15199 1 JULUUAIINADINTVRAIURIUTTNINND

3.3 n1snensal

Bnsensoflunuided  ldnswensaling
Anneioynsung  esndnuvazvesisitRfidma
soUTINuANLFINSAwBIUTIIMING daundanan
DYONAVDINANA

3.3.1 N1INEINTA ULUUAMNABINITNEY
Smooth & Erratic

NTOYATURUUAIINABINITVBIFIVBIUTIINN
NN 5 YAR1UA19197 1 WU FURUUAIINGBINTT
UseLan Smooth 2 N5l uar Eratic 1 N3l wigUuuy
ANUABINITUTELAN Smooth AiRTulINNTHIAIY
v A & & = 1 N a v
Aean sy 0 avan Asldinefiuunuaiiudenis
Antwae Fadudwssussimyndussiamidenunuai
Audlvinnudiewiei 9 uazynavewdenaudliay

Ywwide? 4 FHITNTNEINSANNeNdMSUANUABINTS
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I~ a

nay Smooth fiAe 3§n1sAad sAdauil (MA) Laz
aa [ a I3 a 1 1

AnswuuUSUSsuLanG UL Bang1991e (SES) Tag
NNEINSAlNIEISNNsARAEIAd aUNarlaAINeNNTal

Jugud wasmnliinsusuiSeudndluuioastig

NIzl @ = 0 FufleUszendldiudoyaudani 2 38
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a

arliirnAnunanaiouveanisnensalidueud lund

JENINANIY SES a = 0.0 Tuns197 2

Al AIVED) Hvin affumu Yaguounly YAdAAY

i v | ADI | gUuuu | QV2 | ADI | §Uuuu | CV2 | ADI FLIANY ov? | ADI PNV v ADI RN

1 273 1.04 Erratic 0.65 2.25 Lumpy | 0.70 7.20 Lumpy 0.41 3.43 Intermittent 1.53 1.61 Lumpy

2 2.81 4.06 Lumpy | 0.97 3.65 Lumpy | 0.52 3.88 Lumpy 4.21 3.00 Lumpy 391 2.19 Lumpy

3 481 227 | Lumpy | 1.24 2.52 Lumpy | 1.23 2.65 Lumpy 1.96 4.64 Lumpy 0.00 52.00 | Intermittent
4 1.06 8.75 | Lumpy | 0.90 3.32 Lumpy | 1.78 3.93 Lumpy 0.00 0.00 Smooth 0.00 42.00 | Intermittent
5 0.95 4.18 Lumpy | 3.04 4.50 Lumpy | 0.45 7.20 Intermittent 1.49 | 24.00 Lumpy 0.75 16.75 Lumpy

6 7.28 1.63 Lumpy [ 0.59 3.41 Lumpy | 0.54 4.21 Lumpy 4.45 6.36 Lumpy 11.30 1.56 Lumpy

7 1.82 6.00 Lumpy 1.94 16.67 Lumpy | 1.00 17.00 Lumpy 1.09 4.25 Lumpy 2.79 6.00 Lumpy

8 2599 | 215 | Lumpy | 0.71 12.00 | Lumpy | 057 | 10.71 Lumpy 0.00 0.30 Intermittent 0.99 33.00 Lumpy

9 5.38 3.79 | Lumpy | 0.55 4.00 Lumpy | 0.00 0.00 Smooth 0.69 6.50 Lumpy 555 6.29 Lumpy
10 3.38 273 Lumpy | 3.43 3.26 Lumpy | 0.68 3.93 Lumpy 0.29 | 33.50 | Intermittent 4.82 3.82 Lumpy
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M1399 2 TN NalAlvie1 MAD #isnfian

Audliinugiemie dwesussimynd
ANPEIET) Hmiy derumum Ynauaudle YASARY
el 1 SES @ =0.9 SBSI @ =0.1 SBSI @ =0.1 SBSI @ =0.3 SBSI @ =0.4
AuET 2 SBSI @ =0.9 SBSI @ =0.1 SBSI @ =0.1 SBSI @ =0.9 SBSI @ =0.1
Augn 3 SBSI ar =0.9 SBSI & =0.9 SBSI & =0.1 SBSI ar =0.9 CTSl a =0.1
AudT 4 SBSI @ =0.9 SBSI @ =0.9 SBSI @ =0.1 SES @ =0.0 CTsl ar =0.1
AU 5 SBSI @ =0.1 SBSI @ =0.9 SBSI @ =0.1 Ta=01 CTsla =0.1
AU 6 SBSI @ =0.2 SBSI @ =0.9 SBSI @ =0.1 SBSI @ =0.9 SBSI @ =0.1
Aue 7 SBSI @ =0.1 SBSI @ =0.9 SBSI @ =0.9 SBSI @ =0.3 CTSl ar =0.1
AuUET 8 SBSI @ =0.1 SBSI @ =0.9 SBSI @ =0.3 CTa=01 CTSl @ =0.1
FuET 9 SBSI @ =0.1 SBSI @ =0.9 SES @ =0.0 SBSI @ =0.9 SBSI @ =0.1
FuiT 10 SBSI @ =0.1 SBSI @ =0.9 SBSI @ =0.1 CTa=01 SBSI @ =0.9

dmiugUuuuANNFBINITUSELAY Erratic T el
AnuFesnsasansuazdeyatiudeyauvueynsy
e SadenldiBnmennsaififeutudeyaussani 2
35 flo mamAnadIndeud 71 3, 5, 7 uaz 9 Loy Tny
AuIAINALINNTT 2.4 waznsmuvuUiuieudng
TUiuulyaag13918 (Simple Exponential Smoothing:

SES) Inenmaeuiu a = 0.1 89 0.9 Tuauniséi 2.5

3.3.2 15Tl JULUUAINABINITNGY
Intermittent & Lumpy
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2.6 04 2.11

yenanddaldiuiiniswennsaisn 2 338e ms
NYINTAILUU Croston with Seasonal Index (CTSI) wag
Syntetos & Boylan with Seasonal Index (SBSI) GRRR

AUN159 2.13 way 2.14 A Lo Usuld3s Croston way

Syntetos & Boylan u13ufiuediigania Ingisnis

aaa o
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NYINTAITANUARIALAZDULDYAS
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FRmaniumennsalaudean1svesLiounnsIay fe
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A15799 3 ATNEINTAABUNNTIAN W.A. 2560

Auglviau Aswpsusamnnd (Surume)
PInde N dwin | ey I I
YIED wm | gueusiy | deddy

Aud 1 a62 | 2423 | 466 0 255
AU 2 0 3,083 | 2,159 1 2
AU 3 7 1003 | 895 33 0
AU 4 0 3011 | 1,630 0 0
AU 5 0 1295 | 100 2 31
AudT 6 143 | 2433 | 1371 0 3
AU 7 393 0 3 2 3
AudT 8 742 3 25 a7 20
AU 9 4,044 0 0 aa 3
AqudT 10 7 1250 | 635 2 0

¥
= a '

Falunuideiliauewuanlvaudlugiininiiod
IndiAsiuaunsaddasussnmndseninaiuls lag
YuARINAUGNTIUSIEanAuAIIRRINT U Eud

niivsinudweslidifissmasieninudens dagui 3
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N

3

AANAADWAN !,Lazﬂ’lﬂsl(;f

5UN 3 Taseingnisvudewuuionlesaudlvining

Yrewao luNuNlNALAe

4.1 svlluazdyanual
1. Tium (Nodes)

i A dvllgudlianutewielas i= 1, 2,3, .., 10

h Ao nunauyalun1sfudedaves

iilelinsvudsiianlddnedosiian Tenasvinns
yuadlufiufiflndifostu lunuideifudangugudi
ansnsndsdsesszrinafuldiiu 3 nduanusumeding
yosguitug mnazvhmsvudsonngumsldnisuuds

NAWNANT099INTTEENINEUNIT  NANAUGNY 3

o
v

A 138 3 leamuNiinia LUl
® in A vanefs lwevesquiilegmamiouarain
nyiunn faudndequei 3 way 10 Fafy
Amunlst A = {3, 10}
® i9n B v Wwnveaguifiegniany Tusenuas
AMARYIUDDNLRE NI ﬁam%ﬁa@uéﬁ 2,4,5
way 6 fetudmualyi B = (2, 4, 5, 6}
®  lyn C i wnveaguifiegmanasnouans
waznald faundnfequed 7, 8 uay 9 Fatu
Avuali C = {7, 8, 9}
wagrmualvien D=A UBU C

t @9 svilaunan mhadufeu
2. & uau (Arcs)

(i,)) Ao wdunslunsdedavesussmyndanaug i
ludseud j lae i= 1,2, 3, .., 10 wag j=1, 2,
3, ..., 10

3. B9v9eUsTNIYNY (Relief Aids)

k fie duiidsvesussimmnd 5 Uszian o 1 unu g
1 = v ] ‘ﬂ’l U
FIenRe, 2 U H1vi, 3 uny deiunung,

o o

4 uny Yeguously way 5 Wiy YnonRdy
4. faudsandula (Decision Variables)

Xijx Ao Vinadswes k fivudsangud i lugud j
Tuaunan t mieduiu
XA{; fe dnnusevsolumsvudsdsesangud i T

& ] @
aud j lupunan ¢ mheduseu
5. W1sAMas (Parameters)

Cf; Ao Aldinglumsvudsdswesangud i Tugud j

Tupuian t Wﬁ’JEJLﬁUU’M/iE]U
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Vi fo Usunasdwesussimnnd k mheilugnuiad
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s

Crt, #o Aldarglumaiiusnuvesiswes k figud i
Tuauan ¢ mheduumAiewiy

Rf, fe Usinunavdovesdwesin k fgud i lu
Auna t hedudu

Viruck f® Usu1nsvessaussynuuin 4 s mieidu
ANUIANLUAT

Ft, #e Amennsalvesdsues k figud i lumunan ¢
mhoduty

Df, #e Vsmnaumwidesnsaievesdses k figqud i
Tumuinan t mieduiy

Sk, @0 Uninaumsinitudusmeddees k faud i u
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Abstract

In this paper we adopt the Black-Scholes model with a time-dependent drift parameter to describe
the SET50 index which is a market-cap weighted index composed of the biggest 50 stocks traded in the
Stock Exchange of Thailand (SET). An analytical formula for pricing futures contracts written on the SET50
index is derived by solving a partial differential equation (PDE) formulated for the futures contract pricing.
Furthermore, we derive some interesting properties of the futures prices using our formula. We develop a
method to estimate the model parameters by using the market data of SET50 and conduct the Monte-
Carlo method to demonstrate the accuracy and efficiency of our formula. Finally, we display an evolution

of futures prices over the lifetime of the futures contract with several maturity times.
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1. Introduction

The SET50 index is a stock market index
calculated from the first fifty stock prices of
companies in the Stock Exchange of Thailand (SET)
ranking based on high market capitalization and high
liquidity. The index can be used as a tool for
financial managers or investors to describe the
market movement. The method for calculating
SET50 index is the same method that used for the
SET index, called Market Capitalization Weighted [1].
The base date is 16 August 1995 with the base value
of 1000 points. The list of companies in the SET50
index is modified every six months to take account
of any changes that happened in the stock market.
Therefore, the Black-Scholes model with time-
dependent parameters (BS-T model) is suitable for
describing the dynamics of the SET50 index in our
investigation.

SET50 futures
Thailand Futures Exchange (TFEX) since April 28",
2006. One of the advantages of SET50 futures is that

have been traded on

they can be used to manage and reduce the
investment risks. Because SET50 futures prices are
related to the SET50

index, investors should

consider whether those futures prices are

reasonable or not. If those prices are not
reasonable, there may be an arbitrage opportunity.
However, we should not allow the arbitragers to get
a profit without risk in the futures market.

From theorical point of view, a no-arbitrage
futures price (or a fair futures price) at time { of a
futures contract, having maturity at T2>t, of a
selected risky asset, denoted by Ft , is the
expected value of the spot price of the risky asset

attime T conditioned on the information at time t
e, k= EQ [ST |St] (see pages 61-62 in [2]),

where St is the spot price of the risky asset at time

t <T in which we assume that S is a stochastic
process (a collection of random variables indexed
by time 1) with respect to a risk-neutral probability
measure Q (see pages 244-246 in [2]).

In terms of computing the no-arbitrage
futures price Ft, the Monte-Carlo (MC) method [3]
is a method of choice that can be adopted to obtain
an approximate of Ft based on the law of large

number such that the sample mean of spot prices

S_T (n) converges to Ft as N approaches infinity.
However, the major drawback of the MC method is
time-consuming. In other words, it requires that N

must be a sufficiently laree number to ensure the

convergence of S_T (n) to F.

Consequently, most of researchers avoid
using the MC method and prefer to derive an
analytical formula for futures prices based on the
partial differential equation (PDE) method (see
242-244  in  [2)).

Therefore, the main

pages
contribution of the paper is to derive an analytical
formula based on the PDE method for computing
no-arbitrage futures prices for market participants
trading SET50 futures contracts in TFEX.

The remaining of this paper is organized as
follows. In Section 2, we adopt the BS-T model to
describe the SET50 index and present a solution of
the stochastic differential equation (SDE) for the
SET50 index. In Section 3, by utilizing the Feynman-
Kac theorem [4], we analytically solve a PDE
formulated for the financial derivative pricing to
obtain an analytical formula for pricing futures
contracts based on the BS-T model and prove some
interesting properties of our solution. We use the
historical data of SET50 index from October 2"
2017 to March 29", 2019 as showed in Figure 1, to
estimate the model parameters and use the

estimated parameters to demonstrate the accuracy
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and efficiency of our formula by comparing with the
MC method. Furthermore, we display an evolution
of futures prices over the lifetime of the futures
contract with several maturities. We conclude the

paper in Section 4.

2. Mathematical Model

Stochastic models play an important role in
pricing derivatives such as futures or options under
the no-arbitrage assumption. Due to our preliminary
investigation concerning the daily return of SET50
index data from October 2017 to March 2019, we
have found that the increasing (or decreasing) rates
of SET50 index returns for short period of time
exhibit linear trends with respect to time. On the
other hand, the volatility of the index returns
remains almost the same for short period of time.
Therefore, we adopt the Black-Scholes model with
a time-dependent drift parameter to describe the
dynamics of SET50 index as follows.

Let S, be the SET50 index value at time t
and we assume that

dS, = pu(t)S,dt + oS, dW, (1)
for t>0 and S, >0 where pu(t):= g, + 4t
represents an increasing (or decreasing) rate of the
SET50 index at t depending on the parameters
Ho iy ER and >0 is the volatility of the
SET50 index under a one-dimension Brownian
motion W, [5].

The next proposition can be used to show
that the SET50 index as described by the SDE (1) is
always positive that is S, >0 for all t>0 if
S, > 0 by considering a solution of the SDF (1).

Proposition 2.1
Let t €[0,00) and X, be the SDE satisfying:
dX, = a(t)X,dt+bO)X,dW, . ()

Then,

Ut(a(s)—lbz(s)jdﬁ [ tb(s)dwsj

0 2 0

X = X8 3
Proof. See [6]. m]

Theorem 2.2
Let t €[0,00) then
O_Z

(40"
S, = Soe[ 2

providing that S, > 0.

)t+(’;l)t2+owtj
>0 (4)

Proof. By applying Proposition 2.1 with a(t) = z(t)
and b(t) = o, we obtain

t 0'2
_[0 Hot14S- 2

jds+j; adWSJ

St = Soe

2
o

((uo- ; )t+(‘2‘1)t2+o<vvt—wo>j
= Soe .

Since I/V0 =0, we immediately obtain the
solution of the SED (1) as in (4). Moreover, because
the exponential term is greater than zero and
S, >0, S, is positive for all t € (0,00) leading to
the inequality (4) as desired. m]

In the next section we shall apply the
Feynman-Kac theorem [4] to derive an analytical

formula for pricing contract.

3. Results and Discussion

3.1 No-arbitrage Futures Prices
Proposition 3.1 (The no-arbitrage assumption)

Under the no-arbitrage assumption in a
futures market, the no-arbitrage futures price (fair-
price) at time 1 with maturity date T, denoted by
F , must equal to the expected value of its
underlying commodity spot price at the maturity
date T under the equivalent martingale measure
Q,ie,

F(S,7)=Eg[Sr 1S =$] (5)
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for S>0 and 7=T —t where the conditional
expectation is taken under a risk-neutral probability
measure Q.

Proof. See [2].

Next, we shall apply the Feynman-Kac
theorem [4] to derive an analytical formula for the
conditional expectation (5) by solving the following
PDE:

Z—z = A%(F) 6)
where A*(F) is an infinitesimal generator of the
SDE (2) as
0°F

T )

A () =a)x 4 Loy

oX 2

subject to the initial condition
F(S,0)=S. (8)
In the following theorem, we show that the
PDE (6) subject to the initial condition (8) has an
explicit solution and thus we can obtain an

analytical formula for the no-arbitrage futures prices.

Theorem 3.2 (No-arbitrage futures price formula)
For given and fixed maturity date T, the solution
to the PDE (6) subject to the initial condition (8) can

be written as

F(S,7)=Se”() 9)
forall S>0 and 7 €[0,T] where

#12

A7) =(ug + T )t ——= > (10)

Proof. Applying the Feynman-Kac theorem [5] to

the fair futures price defined in (5), we have

F _ =A(F) (11)
T

where A’(F) is an infinitesimal generator of the
SDE (1) as

s oF 1 ,.,0°F
A(F)=(ﬂo+ﬂ10— T))S_S E o’S’ sz

(12)

Replacing (12) in (11), we obtain a PDE:

oF oF 1 0°F
=(u + 7))S — + = 0°S? (13)
P = (1 + 14 (T = 7)) ) Y
with an initial condition
F(S,0)=S. (14)

Suppose that the solution of (13) with condition (14)
can be written as

F(S,7)=Se"” (15)
where A(7) is a time dependent function that will

be determined later. So, we get

oF _ Se*™ . A'(r), (16)
T
Z_g =e?”, (7
2
°F o .

Substituting (16)-(18) into the PDE (13), we have that
A(7) must satisfy the ordinary differential equation:
A'(r)=p, + (T -7) (19)
for all 7€ (0,T]. The initial condition (14) implies
that
A(0)=0. (20)
Solve (19) with (20), we obtain

AR) = (o + T2

Finally, we obtain the analytical solution for the no-
arbitrage futures prices represented by (9). m]
By utilizing our solution (9), we can deduce

the following properties of the futures prices.

Corollary 3.3 According to Theorem 3.2, we have
the following properties for the futures prices.

(P1) If 4 =0 and g4, =0 then F(S,7)=S for
all 7>0.

(P2) If 4y =0 and g, >0 then F(S,7)
strictly increasing function with respect to 7 on

[0,00).
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(P3) If 2=0 and g, <0 then F(S,7) is a
strictly decreasing function with respect to 7 on
[0,0).

(P4)If £, >0 then F(S,7) hasa maximum value

+ T
at T =T, = o B L
H
(P5) If 4 <0 then F(S,7) has a minimum value
+u,T
at T=7,, =t Th
Hy

Proof. (P1) - (P3) are obvious from the formulas (9)-
(10). To show (P4) - (P5), we shall apply the first and
second derivative tests for finding maximum and
minimum values of F(S,7). From (16) and (19),

we have

aF A(r ! A(r
E(S'T):Se ON(7) =5 (1, + 14,(T - 7))

oF
and this implies that a—(S,‘r) =0 if and only if
T

« + 1T
r=r =t
H

second derivative of F(S,7) with respectto 7 at

Next, we compute the

r=1. Then, we obtain

2
aZF . (/‘O;#fr)
(S,77)=—puSe
or’ '
By considering the sign of 4, , we immediately
obtain (P4) and (P5). m]

Corollary 3.4 According to Theorem 3.2, if we fix
S >0 and t >0, we have the following properties
for the futures prices.

(P6) If 14, =0 and g, =0 then F(S,T —t)=S
forall T >t.

(P7) If 24, =0 and g4 >0then F(S,T —t) is a
strictly increasing function with respect to T on
(0,00).

(P8) If g4, =0 and g, <Othen F(S,T —t) is a
strictly decreasing function with respect to T on

(0,00).

(P9) If 1 =0 and g, >0then F(S,T —t) is a
strictly increasing function with respect to T on
(0,00).

(P10) If £y =0 and g4, <Othen F(S, T —t) isa
strictly decreasing function with respect to T on
(0,0).

(P11) If g4 #0 and g, #0 then F(S,T —t) is
a strictly decreasing with respect to T on (—o0, i)
and strictly increasing function on (z,0) where
H=—po ! 1.

Proof. (P6) is obvious from the formulas (9) - (10).

From formulas (9) - (10), we have

oF (S, T -1) _ geAT-1) dA(T —t)
oT dT

= 5T (4 + p4T).

A(T -t) oF

Since Se >0 for all T, the sign of —
oT

depends on the sign of L +,ulT thus we obtain

dAT —t)

(P7)-(P10). To show (P11), we consider T

when g+ 4T <0. We get that F(S,T —t) is
a strictly decreasing function with respect to T on
(=00, ) . Similarly, when g + 24T >0, we have
that F(S,T —t) is a strictly increasing function
with respect to T on (Z,%) . We now obtain

(P11). O

3.2 Parameter Estimation

It should be noted that our solutions (9)
and (10) cannot be used to compute the futures
prices without providing values of the model
parameters 1, and f4. By using the historical data
of the SET50 index as shown in Figure 1, we provide
a method to estimate the model parameters as

follows.
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Since St follows the model (1) and the
expectation of .S,dW, is zero [4]. After we take the
expectation to the both sides of (1) then we have
that the actual return of the SET50 index on date t
can be approximated by

I = di = (ug + qt)dt. (21)

St
Let Sy, be the SET50 index on date t,, I, be the
return (known) of the SET50 index on date 1, that

Sn+1_Sn

is = and g n, 44 n e unknown

n
parameters which can be determined from the n™

pair daily return from 366 data point over 18 months
so we have 365 time steps. The unknown
parameters can be estimated using the following
procedure. For example, N =1, we have

1
= (o 1+ —— 11 1)t
1= (o1 365#11)

and

2
6 = (g 1+~ 11 1)t
2 = (101 36514 1)t

By solving these two linear equations, we obtain the
parameters as follow
(2'1 — rz) 365(!’2 — rl)
Moy = and fh, = .
dt dt

Since we have 183 pairs of the daily return of the
SET50 index from October 2017 to March 2019.
Similarly, we can estimate Hon and 40 for
n=2.3,..,

follows:

183. By using the sample means as

183
~ 1 ~—-73.358 (22)
Ho = Ty = 183 Zﬂo n =~

183

~ T = ~02.182.  (23)
= 183Zﬂ1n

Substituting g and f§ into equation (9), we

obtain the approximation of future prices (|E) as

_ (7 +ET)e- o
F(S.0)~E(S,r)=Se " 72"

when S >0 and 7 €[0,T].

3.3 Comparison with the MC method

We set a maturity time T =1 and an initial
spot price S =1000. Then, the approximates the
futures prices IE(S,T) computed from (24) and

S_T (n) obtained from the MC method for a number
of samples N=10,000 in which we apply the
Euler-Maruyama approximation [6] to the SDE (1) to
obtain Sti (n) for all t e{0.01,0.02,..,T}, are

plotted on the time interval [0,T] as shown in
Figure 2.

One can clearly observe that the result
from our analytical formula (24) perfectly match the
result from the MC method. However, in terms of
computational time, the MC method consumes 5.68
seconds while our analytical solution just consumes
0.05 seconds for computing one futures price. This

is not surprising at all since time-consuming is a

major drawback of the MC method.

3.3 Properties of futures prices

From (P4) in Corollary 3.3, one can
determine
- ~73.358+92.182() _ 000y 101y
92.182

Therefore, the maximum value of F(S,7) on the
time interval [0,T] can be approximated by
F(S,7max) = 6834.44. The approximation of the
futures prices F(S,T —t) at time t is shown in
Figure 3. It shows that the maximum value of futures

=T-r_ ~0.79.

price occurs when t=1_

Figure 4 shows the approximations of the futures
prices F(S,T-t) when t=0.49,0.50,0.51
(P11) in

and S=1000. Using (22)-(23) and
Corollary 3.4, we have that
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—_—Hy _ 73.358
770 T 92182
Therefore, |E(S,T—t) is a strictly decreasing

function with respect to T on (0,0.7958) . On the

~ 0.7958.

other hand, IE(S,T —1) is a strictly increasing
function with respect to T on (0.7958, ) . We
further illustrate a surface of |E(S,T —1) over the
lifetime of a futures contract in Figure 5 showing an

evolution of futures prices for all t €[0,T].

4. Conclusions

The paper has adopted the Black-Scholes
model with a time-dependent parameter to
describe the SET50 index traded in the Stock
Exchange of Thailand (SET). An analytical formula for
pricing futures contracts written on the SET50 index
has been derived by solving the PDE using the
Feynman-Kac theorem. We also quantify the
dependency of the futures prices on the model
parameters. We have proposed a method to
estimate the model parameters from the historical
data of the SET50 index from 2017 to 2019 and
conducted the MC method to demonstrate the
accuracy and efficiency of our formula. Finally, we
have investigated some interesting properties of
futures prices based on the estimated values of

parameters with several maturity times.
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Figure 1 Historical data of SET50 index from October
2" 2017 to March 29" 2019, used to estimate the

model parameters
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Figure 2 The approximates of the futures prices

F (S, 7) computed from (24) and S_T (n) obtained
from the MC method for a number of samples

n=10,000

Figure 3 The approximate of the futures price

|E(S,T) as a function of t obtained with
S=1000and T =1
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Figure 4 The approximates of the futures prices

|E(S,T—t) as a function of T obtained with
S =1000 on the interval (zZ—0.1, Z+0.1)
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Figure 5 The evolution of the futures price

|E(S,T —t) as a function of t and T obtained
with S =1000 for t €[0,T]
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