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The Study of Milk-Run Vehicle Routing Problem and Receiving Schedule

Adjustment A Case Study of Just-In-Time Automobile Factory ABC
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Abstract

This study aims to improve the milk-run vehicle route of a case study of Just-In-Time automotive
manufacturing located in the eastern economic corridor, Thailand. The milk-run vehicles typically pick up
the automotive parts from suppliers located in Chonburi and Rayong to the factory in Laem Chabang
Industrial estate, Chonburi. Two vehicle routing problem (VRP) methods including Saving Algorithm and
Metaheuristics Large Neighborhood Search (LNS) in VRP Spreadsheet Solver, are studied. The results
obtained from these two methods are evaluated and further adapted to the practice. The results indicate
the saving algorithm can reduce the transportation cost and save about 9,089,924 Baht/Year (about 41.6%),
while the metaheuristics method can save 11,962,011 Baht/Year (about 45.3 %). Further, the schedule of
truck arrival is also improved using the recent constraints of operational time of the factory and the folk lift
resource available during the slot. The proposed method could alleviate the congestion of truck arrivals

during peak period in the factory effectively.

Keywords: vehicle routing problem, metaheuristics Large Neighborhood Search (LNS), milk run

transportation model, saving algorithm
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Abstract

This research aimed to study the forecasting methods for the export values of cars, equipment and
parts of Thailand by time series methods including moving average, Holt-Winters exponential smoothing
and seasonal autoregressive integrated moving average (SARIMA). The monthly export value data were
gathered from Office of the Permanent Secretary Ministry of Commerce from January 2008 to December
2019, a total of 144 months. The data were divided into two sets. The first set was the data from January
2008 to December 2018 and was used to develop the forecasting models. The second set was the data
from January 2019 to December 2019 and was used to compare the forecast accuracy by the mean absolute
percentage error (MAPE). The results of study showed that the Holt-Winters exponential smoothing method
had MAPE at 9.68% while the moving average and the SARIMA methods that had MAPEs at 9.91% and
10.18%, respectively. Thus, the Holt-Winters exponential smoothing method was the most appropriate and

had the highest accuracy on forecast of the export values of cars, equipment and parts of Thailand.

Keywords: Forecasting, Export values of cars equipment and parts, Moving average method, Holt-Winters

exponential smoothing method, SARIMA method
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2563 AuAsaeus gunsnluazduUsEneuliyadidieen
914,343.87 61UV 927,501.26 81UUW 846,435.16
BNV 1T 656,725.37 A1UUW AUEINU Fail6nTn
NTUE18R7 Seuar 0.93 1.44 874 uay -22.41
Audwy wandliiiuinyarinisdeansasud aunsal
wazaulsznevluusiasd Sanuduriuiiinaintlade
vaweg1a 1y imsugialandnisidulasgelusey 10

o o

YuaziAswgiavesUsemadmddyvaslnegnnaduain
ANUTALEINIINITATENINENTT AL (2]
Usewalnelinisasuuasimuinalulagnis
wAnsneud gUnsalwartud AUy AvEnmiuannty
nandnfinaninaiuuinsgiulussaui langousy
aunsndseenludaussinaning q la ndeyad w.e.

2563 UszinAnilyarinisdieansneusd gunsaiiag

druusznauanUssmalneunndian 5 Susuusn loun
Uszwredmsidsidndiunisasennaining 19.30%
sosaanndulszimad Juidndunisdseananineg
9.78% UszinAduddndiunisdseanainlng 6.70%
Usgwarisauuddadiunisdseonainine 6.26% wazy
Usziriduludiidnaiunisdsesnainlve 5.63% [3]
TuwdazUnannnisdeeenasfianuiuniudionad
Hadudu 9 Miferdes Feardwansenuludruutoma
nsaALaryar1deansneud gunIaluazdIuUsENaY
Afinsudsduiuuszmadu uagagiiuldingarinig
dwwanilanudiryiudsemdalng mndinsAnwdnuy
nensalyardieanIngud gunsaluazdILUTENaUMIY
Bnmensaifiusngan axgelinsuuualiuay
AoIN1svRIRAIALaTaAINTTaIeeNITEus gunTallay
druuszneuiifinruusiug
mu%’aﬁ%gqﬁﬂméffsLmeiwmﬂia@ammﬁ
devansovud gunsaluazdiuysenau Iagasyiinag

&

FATAMIFIRVUNEINTAUYAAINITA 98BN T WA
gunsaluazduUsznoUmINgaL FMeTBninszsin
LuUfgeynTIna (Time Series) Tngagidonduuuiid
AndesazmnunaInindouduysaiiade (MAPE) dndign
nIneInsalyanIn1saseansauud sunsaluay
duvszney szannsateliniaigiifeddeainigg
ulsurenansiiiuangan vsuanindnisvenefiues
yaAmansiserirssmeiulaluluiienisle Qu
wwamatunisuuwnunisseniiunmdlunmsiduag
deven 1 ovenszduliiAnnisdeeanidunisine
naUszleniinnensin nsamuvesszmeing ey
WIS RIANEA NN U AAIMNTTUNITHER
grusudiartudldlueung

[

2. NnEfuazuITeNneIdes

2.1 nqufjitieataa

n1sne1nsal (Forecasting) 10 un15vune
wnnsaifasAntuluowian tnsldoyalusfamdus
Haelun15viuy nsweInsalaninsawuInLsEeLIa

oy 3 Uszan Tawn 1) nsnensaiszesdu (Short-
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term forecasts) Wumsvunedassveziandu 9 laivAu
19wy Ju dUai wou 1udu 2) nsnennsalsses
na14 (Medium-term forecasts) v wun1swe1nsal
Fraandunildnioasdd luniswensalssezdunas
srEEnas sminziudanisnisanduauleglusy
wiounuiiangly 3) nsnensalszezes (Long-term
forecasts) azidunisnensaliiielddmiulunismauuy
nagnsldinalunisduiunsvansd
waidalunisweinsaluvssanidu 2 Uszian
lawn 1) nasnernsaltdea an1n (Qualitative
forecasting techniques) WuniswensalfAendenis
é‘fmﬁuhﬁmmﬂﬂszaumiamazﬁmuﬂﬁmmﬁwEnﬂmi
w09 unuazldlddeyaluafnuinensal wu n1seen
wanAaueilvg vionezdaluddeyalusfniii ooy
wandut 1esnneglutiasusuveadniug Uit
Tnsanduladanuainlunisinanunisnainuay
naauUslaa 2) N1sneNsadlleUsunn (Quantitative
forecasting techniques) Wunmensal A deuld iy
agaunsvate lagldnisihdeyalusdnuiasiadusy

wuulunsnennsal [4]

2.1.1 33Anadendauil (Moving Average Method)

' a asa a

Eanadewndouiiduisidewasdenldiudu
2819110 3'§mi‘mﬂ'1Laﬁlamﬁ'auﬁﬁamim?{aﬁﬁa;ﬂa
Tugaalndtagduludiuau k @3 (dulugjazgld kidu
Sruwad 1w 3 5 7 way 9 1Judu) denawldsuld
dnuteyaiidnaadeasiidwauiigy uiiiavves
ﬂﬁaga%mﬁauwaq [5] anansnesuneldannaunseedl

A

Yt+Yt_1 +...+Yt_k+1

Yir1 = I (1)

A

o Yepq A0 AmeInsal ad e t+1
Y, foaseuiant

k  fe uiurievesAaaundoui

2.1.2 5UsussuendlnuusanuulaanuazIumes

(Holt-Winters Exponential Smoothing Method)

FBUSUS sueNG N LUTBaLUULEaNLAT WD

Wudsnsnensalidniswauiuiainikuuisusuiseu

ndlnuudsanuuleay 19dudeyaifuuiliuuas
gana lagdsusuSsuendlnuuilsanuulaarinaziu
wessUuuuIn (Additive) aglddmiudeyafifidnwas
nswasuLUaseggNIansil [6] fawnmsuanadsdl

Le = a(Yy = Se-m) + (1 — ) (Le—y + T—y)

Te = B(Ly — Le—g) + (1 = BTy (3)
St =v(Y: — L) + (1 —y)Si—m (@)

Yeik = Le + KT + Seyk-m (5)
FFUSUSsULeND I UL BaLUULaaN has I UL
as3UuuuRgal (Multiplicative) aglddmiudeyad il

[

nwarNIsAsULUaBINANATNTY TaunIsuans

o
L, = aSthM +(1-)(Liy+Ty) ©
Te = B(Lg — Le-) + (1 = BTy (7)
Y
St = YL_E + (1 =V¥)S—m (8)
Yerk = (Le + KT)Seik-m ©)

Wo L Ap Asz6U ol a0 t
T; A9 ALWILEL ol I8 t

St Ao AgANTE Bl L3an t
A

Y, fio Arwensal a 1aan t

B o AAsiidnsuAuualiu
Y fio mmﬁﬁm%’umqfﬂma
k Ao Srunutsnaiinginsal
M fis 91uauggna
2.1.3 35 Autoregressive Integrated Moving Average
(ARIMA)

35 ARIMA 1 unsnensal A fn1si s
anwrvetynIUnAIdanduiusiuveoyaatiils
vmndeyai huniinsgsiiusynsunauuuliad
szdosnvasaynsuiiailinei neurmuadauuunis
we1nsal Tnedanuuialuves ARIMA az1dousglugy
293 ARIMA (p, d, g) Lﬁ'a%agaﬁgﬂLLUULLmIﬁmLazﬁ

anuruwlsvesanialudiulsznoud sy fnuunis
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WYINTU 980 qﬂu 3 Y04 Seasonal Autoregressive
Integrated Moving Average (SARIMA) @11130L38UA2Y
feyanwal SARIMA (p, d, @) (P, D, Q)s [7] wansluanns

o
v

i
0,(B)d, (B)(1 = B)A(1 — BX)PY, = 04(B)Oq(B)e;
(10)

e

e ?,(B) o avduiusluiesdusuil p
$p(B®) fie avduiuslusiesuuuggniadusuil P
0q(B) fe Aadendeuisusuil
0q(B®) Ao ﬁiWLaé"am?iauﬁqamaa”ﬁuﬁ Q
Y, fie Teyaounsu i 1aan t
£, Ao AMPAIALARDU Bl 17 t
d fe s1uundeiimmuading

D Ao Fruiunsainwasiisgana

2.1.4 nM53nAnutiug1vaIn1sNeNsal (Forecasting

Accuracy Measurement)

AsTaAukd ugIvesn1snensalidunnsg
Wisuiisua1aswazAfilaainnisnensalindainy
wananafunteseddls (8] lusuisedldis aa
ATINLL UEIUDINITNEINSTU A YA NS D8ALAINY
ﬂmmﬂ?{auﬁugiaﬂaﬁa (MAPE) Tagn1s5mia1saeay
mwmamﬂ?{auﬁugﬁzﬁm?{a lraunsaseuiiey
AuiudIvesIEnensaidanuuanseiuluguuuy
vas5ovay awnsadlaladie InsaunismaiSeay

ANUARILAGRUANYIaiREY aunsouandlanall

’Yt_Yt

MAPE = -¥1, x100% (1)

Y
Wo Yy Ao 193 al an t

A

Y; fio Avmennsal o 13an t

n fe IWIWAINEINTAI
2.2 uReNNe1v99
Veiga et al. [9] 1@ vinn1siUs 8 UL eudsnis
NYINTUTLNINGIT SARIMA kagIsUSuLSeuLenglnLuy
Weakuuleanuariumes damsuneInsalnnu@eanis

YRINANT NN NFIRANANUBLUEIWBITNTNEINSA]

ayldTosazaunaanfiouduysaliade (MAPE) s

=

fantunswseuiieuianeinsal nan1sfnwinuin 33
Usulseutond lwuudsanuulgariuaz I umnesdainu
wsiuglun1sNeINTalNINNINIe SARIMA Taeigusuiseu
wnglniuultsanuulgariuazIumesidnisosazaiy
ﬂmmLmﬁaué’mgiaﬁmﬁsﬁmdﬁ% SARIMA

Kumar et al. [10] lavinn1snensalsnaiivien
Tumainteniaes Ussmaduiie 1A aw3suiiou
Uszansamnsnennsalseninaisusuissulendlniuu
WeauuulganuazIumes wagis ARIMA lngldriaig
AanALARBUdLysalinds (MAE) Amumanaiadeuds
douiade (MSE) ﬂ"]%fawazmnmmmm?{aué’mgizﬁm?{a
(MAPE) 1azA151n T @09U99A111AIALAG D UANE Sd09
wae (RMSE) TunmsiUSeuisunisnennsel wan1sane
wuin 35 ARIMA Tirneumanadsuduysaliade @1
AIUAAINLAG DURISId09LRE & AT B8aEAIN
AaaLAd euduysaliade uazAn3Iniaesvendny
AaTALAABuURddeaa BN AT USUS BTN

Weawuuleanwaziumes

Udom wag Phumchusri [11] la@ nwanns
nensganvIenaainlulsemalneg InawSoufiou
A5n1sne1nsaisEn31935 ARIMA 35A 108 uind oudl
warddusuiseulendlmuulsanuulaaniaziumes
ﬁaaﬂ'ﬁaaasmwmmmm?iauﬁuyﬁzﬁm?{a (MAPE) 210
nsiTeuliisudsniswennsainuin 35 ARIMA dasee
azanunaandeuduysaliadsiesiign Weiisuiy
BAedundeuil 33UuSsulendlmuudanuulsar
LaLIUMBS

Shitan et al. [12] lavinasAnwfuuuneInsal
ﬁmewamﬁm%“UwEnﬂiaiyjammidﬂaaﬂmmm:mﬂ

Janannanl1835 SARIMA Tagldaiainuaainai oy

fuusaiad e (MAE) AN51N71@99989ANUARIRALAR BU

Y

o a

Mdsanaads (RMSE) wazA1ieazAIIuAaInLAG ou
Fuysaliad s (MAPE) iudmnaAmisdinesvesis
SARIMA Mlvsnzauiian 29nn15ANYIHILUY SARIMA 7
wingaudmiunisnensalyadinisdeeenveuseine
Ynamed do SARIMA (1,1,0)0,1,1),, G sdA1a21u

Aa1ALAd suduysaliad o A9 4099IAIIY
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AANALARBUNAIADURAY LAYAISDYAYAINLAATNLATDU

o 4

auumm?iw?mﬁwﬁuwu SARIMA (4,1,2)(1,1,0),,

3. 25AIUN1SIAY
3.1 mafusauTndaya

v
& 4

Foyailtlunmsideidifunmsiiuieyauangue
weluladuaznisdeans dnauudansensianded
Tnsadusiudeainnsuaaning Wudeyayarinis
deoansasud gunsaluardiulsenauresUszimdlng
ooy musifeuunsiau wa. 2551 fufousunau
wa. 2562 WWuduuieua 144 e LanssaguTl 1
Inefinsuustoyasenidu 2 ya doyagausnidudoya
Fausifousnsiay we. 2551 faufeusunau we. 2561
sgldlumsadaiuuuneinsal dudeyayafiaoniu
foyaksusidounnsen wa. 2562 fufeusunau wa.
2562 agldlumaiuSsuiisuanuuiugvesisnensal

aemedeyayaunsn

yarnnsaseensnuud ounsal nardusnouwealssmalvusimfon

Export Values
2e+04 4e+04 Be+04 B8e+04 1e+05
1

T T T T T T
2552 2554 2556 2558 2560 2562

Year

7 1 yarnisdseensogud gunsal uazdiuusenau

)
[l
=

U

YasUszmalngseiou

3.2 N15LaaN3sN1sNeINTal

@

Ul aﬁydmﬁmiwﬁﬁaqumiwmﬂimja,ﬂam
n1sdseensagud gunsaluavdiuusenaureslseine
Inefeiteynsaan 3 33 dun FBanadeindoud 33
USulsguendlniuufvaiuulaanuazIumes wazds

SARIMA Taglaluswnsy R Tunsas1edakuunennsal

3.3 N1SAALABNISNITNEINTAL

MAedSsufisunanisnensainlaainumas
FAaeA1TevavauAaIand ouduysaliade (MAPE)
WiDAMLEBNIDN1TNEINTAINL AT ANLaT AN

wiiuganndign

4. Nan15IY

N13ANWIAONIAIMVUNITNEINTIYAAINIS
deoansasud gunsaluardiulseneuressemalng

Iﬂ81%‘5’@yja¢?QLLm'LﬁauiJﬂi’1ﬂm WA, 2551 Dalfeu
funeu w2561 (Foyayad 1) lunisadrednuy
wensalsedsAnednndoud 35USuSouendlnLuL
WJeawvuloariwaziunes wazdd SARIMA 1idauuu
WeIN5AiT LA U U B ULT BUA LN UE1 VD IR IUUY

neNTRlLAaETs InetoyanIusilAauNnIIAN W.A. 2562

[ a"

dapleusuneu w.a. 2562 (Teyayndl 2) gnldlunism

VAR |

ANSD8AYAIUARIALAABUANYSAIRAY LANANISAN®YN

Y

aﬁ
he

'
1 a

4.1 NANTSANWIVINITNEINITAINIEITARALLARDUN

InRanITNeInsalfeIsALedandoud lae
funs LYV nad sadeud (k) widu 3 5 6
way 9 Wou WeResansuurrsilmunsaudmsus
wuunensaime3saadondeud Tnaidonsuaugaed
fiAndevazanunanindeuduysalindeesiian wui
Anadsndoudiile k wiadu 3 Weu da15evazaiy
AaaLAd puduysalledsuinty 15.13% iufuuud

wieaulun1sneINsal A9lULERINSIeN 1

f15197 1 I1UIUYI9UVDIALRA BLAd aUT (k) 99975

' a - -
ANRAYLARDUN

UG (K) MAPE
3 15.13%
15.25%

6 15.14%

9 15.75%
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4.2 HaAN1SANEIVBINTITNEINTAIA8I5USULS8ULaND

nwuidgavuulaanuaziumes

o

dmsunisnensalaiedFusuiseuiendlniuy
\Foauuuleaviuayiumes iesandoyadldlunisinu
fanwuzduuildunazgania ¢ s7dnvaznis
Wasuuasggniadined fedusmiadedasliisusugeu
ndlnuudeauvulaariuagiumes sunuuuiniunig
afaduungnsal Amsdiweslunisusuiseulaun
9nlusunsa R InsAmsiwesiuenzanfigndmiu
foyaildasrsuuy @eyayadl 1) Ae a = 0.425, B =
0.027 uaz y = 0.349 fir1ggnia Aauandlunisieil 2

anunsalTeuaumslasat
Y, = 74,053.758 + k(104.792) + S; (12)

e Kk s snuiutiananinensal

M137 2 ArganIaTeFeuveIsUTuSEulengnluy

Weanuulganiariumassuiuuuin

= A
DU Si
1AL -3,751.580
NUANUS 3,708.575
Hueu 8,893.760
P! -12,889.419
WHENIAU 1,718.175
lgueu -307.205
ﬂiﬂ{]ﬂf’m -711.132
GNUALH 9,044.783
g 8,999.922
nanAu 6,154.742
NYAINEY 3,188.899
Surau -2,433.320

4.3 HAN1SANWIVINITNEINTAINIEIS SARIMA

INMIANYINTNYINTAUMIETT SARIMA Wudn 3
Fawuunensalildululivatednuudmsutoyayail

Wanansaundkuuimunzaulagldan Corrected for

'
o A

Akaike’s Information Criterion (AICc) ffﬁﬂ/l?jfﬂ %ﬂLﬂué‘f’J

YSuNANLeud 89989 AIC WilaUSuA1Y8INISHENNSal

TATANULLUTININTY WUTT AILUUNT AU AT AL

1Y

UyaAIN1sdseenIeud gunsalkardIuUsENOUNIN
an A9 SARIMA (0,1,1)(0,0,2),, dA1 AlCcv1AvU

9

' '
o a @

,753.900 FAA1ANTAR AILARIIAITIN 3

q

7
2

AN 3 FLUUNEINTAINEIT SARIMA

fuuuneInTal AICc
SARIMA (0,1,2) (0,0,2) [12] 2,754.203
SARIMA (0,1,2) (0,0,1) [12] 2,763.299
SARIMA (0,1,1) (0,0,2) [12] 2,753.900
SARIMA (0,1,1) (0,0,1) [12] 2,762.702
SARIMA (0,1,0) (0,0,2) [12] 2,790.319
SARIMA (1,1,1) (0,0,2) [12] 2,754.214
SARIMA (1,1,0) (0,0,2) [12] 2,771.190
SARIMA (1,1,2) (0,0,2) [12] 2,754.992

4.4 HANISANEIANNLAUUEIVDIAIUUUNLINTDI

a5 ANKI UG YRR MU UNEIN Tl
dmsunmsnensalyarinisdseensasusd aunsaluas

druusenau newSouisuaaukilug1vaesuuis

A ax

Anadgmdaud 35USUSsueng LT vakuulaan

WAaLIUNDS wards SARIMA Alaaniidedn 4.1 fa 4.3

o
¥ Y '

Tudeyaniusinouunsiay w.a. 2562 faseusuinay

0.6 2562 emA1SegazANARIARBUFIYTallafY

D

1o

umm‘ﬁ"qﬂ T,ﬂEJ%VT’]msWmﬂia}i’faadaa'wwﬂﬂﬁawﬁa
Ao LLazﬁ’lﬁ'aaﬂaﬁLﬁwﬁyufﬁqﬁumLﬁaumﬁwmmzﬁlﬂ
waaldlunisnensalveaioudald wul 35aade
AUl ﬁﬂ'w%’aaaxmwmmmLﬂé"auﬁugsaﬂa%"awhﬁ’u
9.91% 5UsussuenNglniuLTraLUUlgaiuazIumes
firfosazauaaaadeuduysailademindy 9.68%

o 4

wazd5 SARIMA dlinSagararuaananaeuduysalaie

v

Winfu 10.18% azwdiuladinnisnennsalsmeiSusuiseu
AT UULT gakuUlganwarIUmes JAspuaraAIy

AaaARaudNysallafgaigaiileisuiuitaiade

LAABUNLALIT SARIMA FauandlumIs1en 4
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A15197 4 AuLiug1vesAanuunensailud w.a.
2562

AmEINTal
BUFuTeu
) A L NGl i
Wou | Aese eady . %
4 4 \Woauuu
LARBUN Toaruasiu SARIMA
wes
.a. 69,103.80 | 75,717.95 70,406.97 73,645.16
AW, | 70,592.76 | 72,685.30 77,867.13 | 74,499.28
ia. 87,201.98 | 70,630.16 83,052.31 77,722.61
L.y, | 58,983.41 | 75,632.85 61,269.13 | 69,555.13
WA, | 73,853.13 | 72,259.38 75,876.73 | 78,069.48
8. 75,853.07 | 73,346.17 73,851.35 76,079.08
n.A. 72,298.02 | 69,563.20 73,447.42 75,938.07
a.a. 72,969.38 | 74,001.41 83,203.33 75,576.74
n.e. | 75980.48 | 73,706.82 83,158.47 | 75,841.67
.0. 71,921.81 | 73,749.29 80,313.29 78,850.86
N.8. 60,199.84 | 73,623.89 77,347.45 76,968.37
5.A. 57,477.49 | 69,367.38 71,725.23 74,124.52
MAPE 9.91% 9.68% 10.18%
5. d3U

nultellafnuuasiuieuieuisnensalyac
nsdseansnsud aunsaluazadiulsenauimelsAady

o

Aol 33USuissuendiniuuisawuuleariuaziu
W83 waz3d SARIMA TaluSeulisuauLlugves
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Wiy 91nwan1sAnwnUI dleSeudisunisnensal
yosmmuUNeINTalusazds uanaisgUd 2 nsmennsal
warAIN1saeanIaud gunsalkazdIuUTENOUAIETS
YsuiSsuendluiuwdsanuulaarivaziumes dases
axmmmamm?{auﬁugsaﬁmé‘mﬁﬁu 9.68% fialnin
Junsnensaiifinnnalndidesinasawasiinuuiug
TumswensainnniiaaLedondouiiuazis SARIMA
FLUUNEINII V09I USULS uLeng Intuul sauuy

lgarviuaziuwmesislianumunsaniianlunisweinsal

yar1N1sdseenIneus gunsaluavdlulenauves

Uszwalng
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Abstract

The objective of this research is to improve the efficiency of a warehouse of a packaging company
by re-assiscnment of storage location. As observed the company’s exiting problems, there is an issue on the
inappropriate storage locations of fast-moving items, causing problems of unnecessary travel distances
about 952,989 meters a year in total, and delays shipping as well as additional costs of overtime in 56,172
Baht a year. To overcome this, the study formulated the problem as storage location re-assignment
problems. The revised product placements and locations are applied a concept of association rules to find
the relationships between items that be frequently ordered together and make them as the new product
family, ranging from high-, medium-, and low movements. The proposed linear programming problem is
solved by Fast-Mover-Closet-to-Door concepts with Open Solver in Microsoft Excel as the solver tool to
find the optimal solution. The result shows that the new product location and layout can significantly help
improving the warehouse efficiency in terms of decreasing picking distances by 289,678.40 meters per year,
accounting for 30.40%, reducing the period of overtime hiring by 822 hours per year, explain 90.76%, and
reducing overtime costs by 50,982 baht a year approximately. Furthermore, it can improve the labor

productivity of normal picking times up to 158 hours per year (6.82%).

Keywords: storage location assignments, association rules, warehouse efficiency improvement, case study
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'
a

drfgiiganiaslasunsuilunewdududuusn de
Jggmaun1sugudumininaua191aeduinunn
N33neEwmisduAnliuzan wasilianns

F1991uaInIa1vIn TN Ui uAuAwANANUT NI Y

FIEIeleuanINTEUIUNITNINGIAY IDEF anugudl 4

o

JUN 4 danseurunisniegsianielissuy IDEF

iioadeseiuauiulavesiymiiiatuan
nsiasevidayyriuseuy IDEF meidelavinnisdu
Fretne 2 Ardedoiil oTuIaTUABENTEUIUNTVRS
Aanssumannglupasdus LaznUINTEUIUNITNEY
Audldszozinanlaoiod suinfigads 58.5% 910

ﬂ’]‘Wi’JllVJﬂﬁfﬂ NITUAINAITIIN 4

A15197 4 NsIunananssuranagluadsduan

B urins10n0U
: vinda | wufui simeidoda wrefiufn] s | wwnen
T Audl bl . L ufldn vesai .. | Rdurisunyn . .
(G ] ) (i) {win)
k) (nf) (i)

L gm0 svwndd | 726 | 13205 - 40.15 E¥i) 514 1351 | 20830 |500005250

2 w0 Wastywivd| s1z | 3113 4z 1513 Tas 3 512 | 7215 |sC0005250

reuzoainwad (i) 637 | 8238 218 2813 806 47 9.53 | 14082

% dndou 449% | 5B.50% 154%  19.98% | 572% 301% 676% | 100%
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3.3 Apszvideyandunvasfudiuasdnngududn
3.3.1 msUszgndlagldinaila EIQ Analysis

Methodology LOLATIEHMIAMUAFUAIALIALULNG

d

$4ts 350 918115 NNITTATIERRINTIINSHTE
dufvesgninasnstezinan 1 Uik uvilleen
EQ = 1Q = 88,260 Susiel wazAn EN = IK = 14,656
adusial dumnearin Aarwiveamnanensaudd
sufuINngInsTIvesidsde vilildanmE
Tnoau 14,656 adased meldswaududiignaely
Wavn 88,260 Jured ?ﬁqﬁiaﬁ’a%ﬁmwmﬁmswﬁ
sananludnngusioly

3.3.2 myvszgndldinadanisuuinguduan
Tngidonnsdasssmunisindoulnasa viunans
LAzt 3o ABC Analysis f3delshdoyanuiann
nsAeHumeda EIQ Analysis 11vin15dangsl
oonidu 3 ngumunisiedeulmvesiud wuin ngu
A o nguAuiifinisindeulnia Uszneuse 80
18715 §Adu 22.9% Audlags 8,858 AYareT
dndIu 60.4% vanvie 6.7 aunel dndiu 57.5%
ngu B Ao naududiadeulmiiunats Usznoudae
105 51815 dadan 30% A1UATIN 4,469 ATasiod
dndu 30.5% ganvie 3.5 d1usel dndiu 30.3%
Laznayu CAe naudur1finisind oulnad
Usznausg 165 $19n13 dndau 47.1% Anudisau
1,329 adesiod dndau 9.1% vonvie 1.4 d1usied
dndu 12.2% avtuandeyadinamingy A asdald

1nd9n Depot unfign wagngy B C auadiu

3.4 ASES9AUUNADINAENS
miAfeivszgndldimuvumsadinmansuuy
TUsunsuLgaLdu (Linear Programing Model) e ldm
ALNUINITINIEUAID YU HUF NS URUA UL
azUszinn Tngmidadaszezniei dlunsTanisi
dufiiuazean ufsoyamnuilunisdafivaud
11N drenann1suesinuulUTuASULT LY
%38 Simplex Method Fad uNgufves George B.
Dantzig Wneldsauiundnnisiian dudifaany

wd eulnivesd19ldlndUsen (Fastest Turning

Closest to the Door) 4119 Tun15USUAILAU 4NS
Jauivduslviiussansamanntuansildauan fe

[12]

ammﬁmqﬂizmﬁ (Objective Function):

M N
Min Z z fi ei]'Xi]'
i=1 j=1

Woulydadu (Constraints):

Xjj = 1
i=1
x5 = (01} (©)
AmualA
f; fie ATuANIIVBUTEIAUAN |
€jj Ao szegn1enIsiAd oufivesdudn
a0 i WSsTawndu j
d; fio Audoamsiuiidniiududn i
Xij =1 veuiudum i lifuddley
= 0 ldgousudua i lunudalay |
LAy I =184M lng M Ao Uszinnuasdue

189 N; I N Ao lauiiundniiu
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YoslUsunsuBadu Insanizdgmaunsingss
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Fedududesdnassninensidodied Hed A
LANA1TRIT USRI aranT T azdasldudly
Jaymdt aL1mune (Objective) MA1gsqn 14y
FeansdnassingAvlunismandudegslsiolils
flsrngeiian vie Aesueumnerfuinzeulasins
sglaitelyiflenldaglunsdfiununuwdsidian

v a v
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failifeulaniedediin (Constraints) u1auUsen15i
Wudadedrdglunismvuaatmune wuigiv
dymitiimadenifanuduldligs uagidivune
wazieulvvesdgmanunsnidousgluguuvuannis

vdunsale [12]

3.5 n15Us2ena 1 EnYAUTUWUS (Association
Rules)

v

NA9NNKI

@

gladayanudannsiasiey

o ¥

EIQ Analysis F9tndayanananiuiussyne v

1Usunsu Orange W amANUdURUSYBIAUAIN YT

adfiinazgndstondon fu fiduidudenadald
Wangu Associate La®n Frequent ltemsets L‘ﬁlaﬂ
AT voInq uAUAT Wazldon Association Rules
Wi ol TusunIuYIn15a$9 (generate) g7 &
Arwduiussantueena andugifeldvhmaden
ﬂ'waﬂ’uauquszfumbw (Minimum Support) i 0.5% ¢

AMULT BN (Confidence) M1 80% Y MALANAANTVDS

N308NIVIaNLA 386 Ng AUFUN 5

Tag AC-B1-010 sinifinAndsdandeuiufu 9 518015
Audn Tunodutl D Jeaziiiuledn AC-BI-010 9zgn
denlianelndiu ACB5-018 ws1iiAn support 7
qaqmiuma"u 0.7% wag confidence qﬁqmimagu
96.80% warfidrfadadianuiunidususuiiaesie
205 A¥aial 50911970 AC-B1-010 FaeimaHadInaT
AC-B1-010 A25196UAUAANY AC-B5-018 Aaland
Tus5797t 5

Y aa P o

15199 5 N1sFugAuAmslaNduiusiy

Major SKUs | Freq | Ranking| Minor SKUs| Freq | No.Relation of Rule |% Relation |Max Sup Max Conf|
ACBIOW |285| 1 | AcBS017 | 163 17 25.76% | 0.70% | 96.80%
2 | AC-B5-018 | 205 14 21.21% | 0.70% | 96.80%
3 AC-85-016 | 170 12 18.18% 0.70% 96.80%
4 | AC-B5-019 | 192 15 2273% | 0.70% | 88.90%
5 AC-B1-015 | 129 3 4.55% 0.60% | 100.00%
6 | AC-B1-014 | 56 1 1.52% | 0.60% | 87.10%
7 | AC-B1-009 | 81 2 3.03% | 0.50% | 88.50%
8 | AAB5-016 | 119 1 1.52% | 0.50% | 82.10%
5 | AE50IT | 168 1 152% | 050% | 82.10%

agslsiniu MITunquaruduiusvesdud

a

4 36 5189015 Y3 TBasauUInguesnule

1%
=1

NanuA 4 nau A9l lngunagnquagssyfediuiu
S9N SIUANSAUAT WATAIUD LALLRAE AILAAIAI

M151991 6

M1379% 6 NAuANUENTUSYRIAUAT (Product Family)

E‘Uﬁ 5 M54 Association Rules Tu Orange

Group 1 2 3 4
1 AC-B1-010 AA-B1-007 AH-E5-000 AA-C1-007
2 AC-B5-018 AA-D1-007 AH-E5-005 AA-C1-011
3 AC-B5-019 AA-B1-001 AH-E5-004 AA-C1-010
q AC-B5-016 AA-B1-014 AH-E1-000
5 AA-BE-017 AA-B1-004 AH-B5-004
é AC-BE-017 AA-B1-002
T AC-B1-011 AA-B1-015
8 AA-11-012 AA-D1-001
Q AC-B1-015 AA-B1-003
10 AA-BE-016 AA-B1-009
L4 A Ve o L d LA S Sa X 11 AA-11-013 AA-D1-009
‘ma\‘imn‘wr;pﬁ]almmaiﬁammauwuaéumaum > acai00r | AdDi003
A . & [ = o 13 AC-B1-009 AA-D1-004
13 8 Association Rules M9 386 rules 41ba73 9UN 1 ACB1-014 | AA-DI-00S
Ave. Freg 14429 78.21 133 9467

Joyaninandwunaanidu 36 $18n158UA1 HIUNNT
Duplicate vu Microsoft Excel LLay?ﬁW'?ﬁ 36 318N13
FuAi danudunus fuu1viinsdang uaia
ANANNUSVDIAT support waz confidence qa‘ﬁqm
ondI0g1LTY Aud AC-B1-010 1HuAufidaiud

245 a3wol Fulurnudgeanainyianun 36 s16n73
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a va o 1Y I a Yoo

wasnfgIdelaTunguauvia 36 et
D 4 nguud luduneuselugiduagynisaing
LUUTIABILAEYINITUIAIMBUT LN EANT ga
(Optimal Solution) Fauansluaunisi (3) - (6) 1o
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4. NANITNATIZA
idglauussansAnwuuieudieuly 3 sUnuy
Ap AouNTUSUUTE 581319n15USUUT Lagnaenis
UTuuse fail
4.1 naun1suFulse
sULuunsTasiumlduingluadsdud
vosfusznounislaifinsimunguuuunieuleute
foiau vilvinguaudiadeulmiiy Uunans wagdl
an ”@maa&mﬂixé‘fmmzmslmugﬂﬁ 6 Famuin m3dn
esuBuuAunaulsulsandnaOungudundes
Wuneszerlnais 952,989 wasael MuAIeH 7
svozmaiilnavilininaunduaudldnatlunsudy
Auduiuanndu Falusnshaulunaiunddslsl
iigawe shlsAnnsinanualsnagsis 906 lus

sial Andualdane 56,172 v

4.2 3¥n319msUTuUs

2N

f33glavinn1snaassuTulsaguuuusiums
nsdnneduAuuInineldnisdangududiniunis
waoulnidy Urunans wazdn sudiu lnonisda
naulugUuuuimefideldlienuddynisdangs
puyaA e AR IaTalTiELI NUd ngu A
F1uau 70 5718015 Anvdu 20% sanwe 60% nqu B
F1uau 105 518013 Andu 30% senu1y 30% waz
nau C 31w 175 518013 Anvdu 50% uazeanuiy
Wins 10% Tnensuiudgdluaded mefideldins

JuA ?J@Q‘U@Mﬁ‘ll@di?&]ﬂ?iﬁﬁﬂﬂ’]llEJ@G]‘U’WEJLHF]EIG]F’] U

i
Gi’ﬂwmmiawauﬂmmwsmwawqm 210015
PONWUUNULN SLULNIITINVDINTNUNTUEUAT
anaLNaD 691,649 LWnsHoU 91ALAN 952,989 LUAT
sl Anvdu 27.42% agr9lsinny ﬁ%%’dﬂmm“mﬁa

cddd

Open Solver Excel 1119 Tun19n1naaws Nen

ACA1DT | AH-B5-005 | ACH1-993 | ECC1-005 AAJ1999 | EDDT-004 slajclc A
AEA1393 | AHAID03 | ACEIDIS | AHCIO01 ACAIO01 | AED1.000 5|6 |Cc|B B¢
AAE1-D0T | AG-AS-000 | EDE1-D01 | AHES-D05 AHCE000 | AC-D1000 A B c A A c q a a . . .
oo [vciom [eonren [socsom]|  [acoome[comme|  [elelela] [o]- W LAy Taevinn1sie1u Objective function Way
AADION | AHATNZ | AAB1002 | AB-A1009 AG-AID0S | AF-B1006 B A B c c d‘
AG-B5-000 | ED-B1-999 | AEB1004 | AAB1003 AF-A1-999 | AF-A1001 A C B A c c . o '
hacron | EbFron | mwieo | Aneseer | | AADIOS | EFGsom Alclola clc constrains MUFUN 7 WALYINN1T Solve Lennaumu
ACF1999 | AG-B1004 | AHS1003 | ACB5019 AEEI00 | AAF&000 cleclola c|ec Y 9
| EDB100 | ACFIOT1 cle . o o o v e
AABSOT | AEF1-000 | AABIOIS | AGAI03 | AFET06 | AF-CE-000 Alclalc clc o @ 1 ML
] semraw] BT BEE NaN A B uag C muA19199 8 uay 9 vnlnlanaans
AAB5D16 | ACA1S99 ACC1002 | AJATD00 A Alc B|A
AC-D1-D0T | AE-A1-002 | ECE1-899 | AHC1.002 AHE1007 | AH-A1000 c c B c B 1 = 1 =
seoton | morom D 995z 8¥N S luNanaNED 670,257.8 luaTaatl Al
AC-C1001 | AFB1OM | AFC1002 | AG-A199% AGB1959 | AAKEDN0 c c c c c c
AG-D5-010 | AGB1-007 | AABI009 | EF-CE-0I0 AC-ASO00 | AADS0N0 c|ls[s|c Ala '
AAH1-004 | ACALD11 | AGE1001 | AAE1D09 EC-C1-006 | AE-F5-000 A c c c 8 a
AAKIGE0 | ABAIE | ACESDE | ECCI-000 AAB100E | AAGI0M c clc A A ST LLARNINAN 9
ECF1999 | AAEE000 c|a
ACE1-003 | AFCI-001 | AE-G1-000 | AADIN0T ACAIO0Z | AACE000 clclecla 8|8
ACFE000 | AE-B5-000 | EDC1-003 | AGD1-000 EDC1000 | AVB1-000 BlalBlc c|e
AEG1008 | AFE10D1 | EDATI03 | AB-ASOTS ARE5989 | AEG1007 Blec|ofec cle OpenSolver - Model X
ACG1026 | EDA1001 | EDC1-001 | AADEOIT AFBI001 | ACET0TT Blelcls clec
EDD1099 | ECG19% clec What is AutoModel? AutoModel |
AH-B5-004 | ACETI1 | ECCI001 | AC-B6-000 ACBE024 | EF-61-000 A ca 8 |c
AH-A1-999 | ACES-019 | AF-B5S-000 | AMAI-D00 AB-AS-DD0 | ACESD16 B [ [ A C AutoModel is a feature of OpenSolver that tries to automatically determine the problem you are trying to optimise by observing the structure
Eooroo | Acrror | AcEron | AaDiess e AT = =0 = N of the spreadsheet. Tt will turn ts best guess into a Solver model, which you can then edit in this window.
AC-C1-000 EC-C1-009 | AABID14 ECH19% | ECET0% C C | A clc
Objective Cell: [¢pycsy _I (" maxmise @ minimise (" targetvalue: |0
G ] | CI

UM 6 unuran1sIRsumiaduRneuduUse

U

AN 7 SELYLNITIUVBINUNINUNTUFUAINDUNS

UFuuse

Variable Cells: [¢ps76:50U8145 J

Constraints:

in
= §BXS76:5BX5145
$D$5146:$BUS146 = $D$148:5BUSL48
£D$76:$BU$145 bin

Delet:

d constraint I

[¥ Make unconstrained variable cells non-negative

[¥ Show named ranges in constraint list

Sensitivity Analysis [ List sensitvity analysis on the same sheet with top left cell: ~ | =]

™ Output sensitivity analysis: (& upcating any previous eet (€ onanew sheet

Solver Engine: Current Solver Engine: CBC Solver En

[¥ show model after saving Clear Model | Options... I Save Model I Cancel I

Al 8 | © D|E F| G| H I J K L M N[O P Q
1 Lacation AO7 AOB ©01 002 A05 AO6 003 004 A0S AO4 ©05 006 A01 AO2
2 No SKUs. Frequency/Distance| 30 30 30 30 31 31 31 31 32 32 32 32 33 33
3 11 aceiolo 245 7,350 7,350 7,350 7,350 7,505 7,505 7,595 7,505 7,840 7,840 7,840 7,840 5085 8,085
4 |2 aemi-010 209 6270 6,270 6270 6,270 6479 6479 6,479 6473 6,588 6,688 6,588 6,588 6,897 6,897
5 3 AcBS-018 205 6,150 6,150 150 6,150 6355 6,355 6,355 6355 6,560 6,560 6560 6,560 6765 6765
6 w1007 201 5030 6231 6231 6.231 5231 6,432 5432 6,432 6,32 6633 6,633
‘s 192
8 172
9 170
10 8 168 5,040, 5, 6 5,376 5584
1e 163 4,890 4,890 4,880 4,890 5,053 5053 5,053 5053 5,216 5216 5,216 5,216 5378 5379
12 110 163 4,890 4,880 4,890 4,890 5053 5053 5,053 5053 5216 5216 5216 5216 5379 5,578
13 11 163 4,890 4,890 4,800 4,890 5053 5,053 5,053 5055 5216 5216 5216 5216 5379 5379
14 |12 aw-a5-000 161 4,830 4,830 4,830 4,830 4,991 4,991 4,991 4,991 5152 5,152 5152 5152 5313 5313
15113 AH-F5-005 148 4,440 4,440 4,440 4440 4588 4,588 4555 4588 4736 4,736 4736 4735 4551 4884
16|14 ac-as-000 136 Iy
17015 aceron 143
18 16 aa-Ge-000 131 3
19 |17 aabroor 1a1 4230 4,230 4330 4230 4371 4371 4371 4371 4512 4513 4512 4513 2653 4653

A B 3 ) [F|G H|[Il J[K LM N O P|lQ
1 Location 8 001 002 A0S AO6 003 004 AD3 AO4 005 006 A0l A02
2 N ks Frequency/oi 31 31 31 31 32 a2 32 52 33 33
761 ace1010 2a5
/12 aenroio 209
/8|3 acesois 205
/9| a 201
80| s acuso19 192
816  aB-A5-000 172
8217 aces016 170
8318 aasso7 168

9 y 163
o 163
163

12 161
88 |13 anes-os 148
89 |14 Ac-A5-000 146
90 |15 acpron 144
91 /16  AA-GE-000 141
92 17 aa-pio07 141

gﬂﬁ 7 #UA19 Open Solver Excel
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: !
= P~ T ¢ ci0 | c12 | c14 | C16 028 | 027 47 | 48
v v L2
AITNN 8 NATIUVDITLYLNNULALANUDVDIAUA e e oo e
co1 | co3 | cos | cor 024 | 023 2| s
co2 | cod [ cos [ cos 022 | 021 2 [ s
§ Total 020 [ 019
Distance Frequency
Rank | Code-l | Code-2 |Location Code SKUs Class | Distance B10 | B12 | B4 | B16 O1g | 017
(m.) (time) B09 | B11 | B13 | B15 016 | 015
(mJ) Bo1 | Bo3 | Bos | BoO7 014 | 013
1 A o1 A01 33 EC-B1-001 2 c 66 B02 | Bu4 | Bo6 | BOB 012 | o1
2 A 02 A0z 33 |[AcClo00| 16 c 528 DI0g| ©09
b at0 [ A12 [ a14 [ A6 008 | oo7
3 A I 03 AO3 32 AC-F1-012 33 ] 1,056 209 | A1 | AT3 | ATS 006 | 005
a4 A o4 A0d 32 EC-B1-999 2 [ 64 AU | AO3 | AO5 | AOT 004 | 003
A02 | A04 | A06 | A08 002 | 001
5 A 05 A0S 31 AC-E1-014 5 c 155
6 A 06 A0S 31 EC-C1-009 6 c 186 Depot (Entrance & Exit) ] | Depot (Entrance & Exit)
350 P 68 ] 966 | ECE1-009 3 c 290
Total Distance 952,989 ] o o
U7 8 WUUI1aBINIIAIe Family Left Zone
- .
velw ABATOT | AEAT001 | ACG1025 | AEH108 | AACI000 | ACAT-000 BlA]A]A Al A
M1519 9 NaTIveITEEENIVana Coaroor | aavous | acaroos | anpsoss| | AEvorr | acorio aalalal [Ala
AAKI 014 | AAD5000 AACE000 | EDAT00) A lalB A Al
ED-A1-000 | ED-D1-000 ED-B1-003 | AH-C1-000 AlAalB | a Al A
Distance Frequency et T et B
. " AA000 | AA-D1-000 B [:] Al A A A
Rank | Code-1 | Code-2 |Location Code o SKUs me) Class | Distance earon [ ae o et T A
N (m.) AC-BE-000 | AH-AS-000 A A A | A A A
i, ACFE-000 | ED-B51-000 A A A A A A
1 A o7 Ao7 3000 |AC-B1-010| 245 A 7350 AHBT002 | ABAT0D Ala
AC-G1-026 | AA-B1-000 B A A A A A
2 A (] Acg 3000 |AEH1-010| 209 A 6270 AAGEDD | ACAS-000 AlAlAlaA Al
ARE5000 | ARC5000 A [ A A A A A
3 o o1 001 3000 |AC-B5-018| 205 A 6150 [ ABAS000 | A€ 1010 Al AlAlA Al A
a o 0z o0z 3000 |AA-BL-007| 201 A 6030 Dopol {Entrance & Exit ] nce 8 Ex
5 A 05 A0S 3100 |AC-B5019 | 192 A 5952
3 A 06 A0S 31.00 |AB-A5-000| 172 A 5332 A o - v
350 N 10 N1o 97.40 | AF-A1-003 1 c 97.4 EU‘W 9 ﬂr]i"ﬂm')’]\‘lauﬂ']EULL‘UU Famlly Left Zone
Total Distance 670257.8

4.3 naansuTule

NANUFURUT VBT UA 1 (Association
Rules) fimagiduldinnisdanguann 36 snensdudi
du a ngulugjdu medidevaifendudingud
Audngu “Family Zone” tioliidladnedanisi
aviudla artudslévimsssniuuguuuumsdang
AudfiaAndn 4 gUuuu Llesesiunsdnansdudi
n&y Family Zone Fasaluil

4.3.1 ¥nn9leudgegafien (Family Left
Zone) 1iun133na9AudIngu Family Zone 14 36
senstimalausnunigregaiiiesedinsen lned
wuudiaeslunisdannemuguil 8 wazgunuunisdn
Nedufazduluauguil 9 Taeudnnnsueanisdinig

ARzgNTUANUALMUIAUM NIy ez duan

U

audmneidelalindnnisanudlaeaievenguunn
!

4.3.2 9pn9lureg1aiel (Family Right
Zone) funsdanns@udings Family Zone s 36
e IMdleununiivnaaiissegied Tnad
wuudaedlunsdnnewmuguil 10 wazguuuunsdn

adudasdulunugui 11

D10 [ D12 | D14 | D16 03 | 037 51 4
D09 | D11 | D13 | DS 036 | 03 51 49 | 48
D01 | D03 | Do | Do 034 | 033 47 |46 | 45 [ 44
D02 | D04 | D06 | DoB 032 | 031 a7 45 | a4
030 | 029
ci0 [ c12 | ci4 | C16 028 | 027 46 [ 45 | a4
co9 | c11 | c13 | cis 026 | 025 47 |46 | 45 | 4
cot | coa | cos | cor 024 | 023 42 40 | 39
co2 | cos | coe | cos 022 | 021 42 40 | 39
020 | 019
B10 | B12 | B14 | B16 o018 | 017 42 [ 41 [ 40 [ 39 |
509 | B11 | B13 | B1S 016 | 015 2 |41 40 |3
501 | B03 | 505 | 807 014 | 013 38
502 | Bo4 | 506 | 508 012 | ot £
010 | 009
A10 [ A12 [ At4 [ A16 008 | 007 [ 38 ]
A09 [ A11 | A13 [ At5 006 | 005 | 38 |
A1 | AD3 | AD5 | AO7 004 | 003
A02 | A4 | AU6 | A0S 002 | 001
Depot (Entrance & Exit) | [ Depot (Entrance & Exit) |

SUT 10 uuud1aoensdnang Family Right Zone

EDC1-006 | AB-A1012 | AB-A1-005 | ED-C1-003 AH-DE-000 | AA-H1-005 B B B B -] B
AB-A1008 | AAHID04 | AB-A1-006 | AE-B1-004 B B B B B8 B
AADSO00 | EDAII0T | AEATO0 | ARKTOTS B[ AlAlA B8
ED 51004 | AETI01T | APGT000 | ArtAT00 Ble[AalA ER
| A A

AB-A1011 | AEB1003 | AG-B1-000 [ AH-AS-D04 B A A A A B
ACAT0T | AEAS000 | AC-A1005 | ED.DT004 | | AlAlA A A
AE-ATO0 | AEH1103 | ACATO00 | ACET000 AlAalala A A
AC-G14025 | ACF1-000 | AH-B5-005 | AA-E1-007 A A A A A A
A A

AHC1002 | AH-A1-002 | ED-A1-000 | ED-D1-000 A A A A A A
AGATO00 | AACI00 | ARKIOT | AABEDOD AlAlAalaA A A
ED-A1-00] | AA-G1-00T | AE-H5-000 | ED-B1-000 A A A A A A
AACE000 | AA-GID00 | AC-AT-001 [ AC-FE-DDO A A A A A A
— A A
ED-B1003 | AA-J1-000 | AC-B6-000 | AH-B1-002 A A A A A A
AHCTO00 | AADII00 | AMAS000 | ABAT00 AlAalala Al A
AABTO00 | ACAS000 | AF-CEO00 | AE 110 AlAlAlA A A
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Application of Bi-level Decision-Making Technique to manage Inventory and

Transportation System: Case Study of Wholesaler in Chiang Mai Province

Pornvisa Tharakhum®, Chompoonoot Kasemset? and Tinnakorn Phongthiya®’
123 Department of Industrial Engineering, Faculty of Engineering, Chiang Mai University,

Chiang Mai 50200
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Abstract

The objective of this research was to apply a bi-level decision-making technique to manage
inventory and transportation system of a case study (a wholesaler in Chiang Mai Province) that did not have
previously appropriate system. The first level of the decision-making is to manage inventory system.
Techniques, including a Multiple Criteria Decision-Making (MCDM) and an Analytical Hierarchy Process (AHP),
were used to classify the products of the case study into three groups, including A, B, and C where products
in group A are the most important while products in group B and C are less important, respectively. Then,
the appropriate inventory ordering policies for each product group were selected considering their
importance and value. The second level of the decision-making is to manage a transportation scheduling
based on the importance and inventory ordering policies of each product group and using a Priority Queuing
(PQ) technique. The results of this research were compared with the actual data of the case study. It showed
that the application of bi-level decision-making to manage inventory system and transportation scheduling
of the case study can reduce inventory management cost by approximately 19.69 percent and the number

of transportation cycles 12 cycles in three months.

Keywords: inventory management, multi-criteria inventory classification, bi-level decision-making,

transportation scheduling
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mﬂa“’qLLazmi‘mgUqumsé’ﬁaﬁmm:amamm’az
naudud lnglunisuvsngududladssyndly
nsTUUMTATiRLERUTY (Analytic Hierarchy
Process; AHP) fiflansau e nd LNt 1 91ungae
Tun LU IUsELANUDIAUAIAIASILUY ABC [5], [6]
MnuazthanudesmsvesdudusazUssamam
EULLUUﬂ’]Sgﬂ‘%@ﬁLMN’maM

3.1 N1SHUIUSTLANAUAIAIARIA UNTEUIUNTS
AATITANUAIAUTY (AHP)

NNt saL U LMAuAAg
wisidenlnodivesianisusznausie Usunmns
W18, AUNUAUA, 918FUAT, WATSNTIMYUILUVDS
fud Feanansathunadadulasiadedduduves
nsdpaulasmfulssanesdudn 7 nau T9s
wanslunnd 3

msuUslsznndudn

AIAS

p p
Fuyuaun

. o e 13 oI
yraden e T S Tim E) .
um 2um Sum Suwm pURT) i #a

A9 3 TAssasedrutuYeInsinaula

1l
T ¥ i1

am3

¥
UTmnig

P
winuns DIgEUM

iyuagy
=

nuazliidwesianisussfiuSoudisuinin
AuddnyI1ed i ovnadldluduamaimin
ANEIAYVOIABLIANLNUI LATAIAIINADAAADS
UL NRHE fasrot9lun5199 1 (Af7981438013

AMUIANNIANLIN wazdIdenauntii [3], [4])
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AN 1 aegenislvadud 1Ay s1en ves

panneNltlunsRasUNFUAIAIAS

Sale Inventory |Geometric

Criteria Unit Cost | Cycle Life Weight Praduct Ratio
Quantity Tumover |  mean

Sale Quantity 1 W5 973 o7 1.6232 0.3720 1.4904 a4.0071
Unit Cost. 59 1 96 57 0.9809 0.2248 0.9040 4.0219
Cy 39 37 ! 37 | 04974 | 01140 | 04583 | 40207
nventory Tumover | 7/9 75 73 1 12625 | 02893 | 11592 | 4.0071
sum | 43641 | 10000 | Amax | 40142
Cl | 0.0047
R | osowo
CI/RIl | 0.0052

nan1sANaAIMENAMUEIRY NS ULTIBU
Tegnannue wazusasnadennielivdnine

LARIAININT 4 FeAmantazinlua1uimian

P

wmtingan weilUlglunsuuingudud dwuandluy
15199 2 (@FBmsAnaisRulannuideneunta

(3], [4])

msuvaszmAuAnmas

Yinamsviy dunududn D1gRuAn DATYUIY

(0.3720) (0.2248) (0.1140) (0.2893)

NN 1 um (0.1L67) (0.1175) (0.1(‘)65) (0.1!‘104)
TUNTIAN 2 U (0.2109) (0.0783) (0.1068) (0.2011)
TUNTIAN 3 U (0.0632) (0.2776) (0.1068) (0.1104)
TUNTIAN 5 U (0.3139) (0.1023) (0.1068) 0.1917)
TUUIIAT 10 U™ (0.0375) (0.0579) (0.1068) (0.0662)
oMUt (0.1367) (0.1330) (0.1433) (0.0662)
DWATAA (0.1012) (0.1755) (0.3126) (0.2240)

AT 4 AT NVDILAALUANLND LATLARY

=
NI RI

AT 2 NITHUINA U UAIAIAT IUDITIUAN

=1
NIUANTYN
o U 8o NATINAT i
nguFumM Andwmidn | 4 ngu
(578113) Wntngzau
YUUIIAT 5 U 61 0.2049 0.2049
A
DIMNIER 10 0.1752 0.3801
YUUIIAT 2 U 33 0.1662 0.5463
B
YU 1 UM 45 0.1436 0.6899
YUUIIAT 3 U 12 0.1306 0.8205
AT 74 0.1185 0.9390 C
IUNTIAT 10 UM 5 0.0610 1

3.2 MIMNFULUUNTAeTaRUAIRIAGINNIZEY

v
a v [ 1% o o

Wialanguuosdufaindauds naeniuae

v
a v '

Junsmuuuunsdsteduiusaznguvine Jaae
N17U1NAN T NANNEIA YT LA AHP 69

LARIlUANS19N 3

M990 3 STAUANAIAYUDIFUAIAIAR

nANNOU9A
g 2, . o
e F8N13dUAY Y | duvude 21y N3
. y =
n3vY et Aufr | uyudeu
ge i

NEUYUNTIAN 5
A a3 Uunan U Gy
UMUAZBIMNTER

nang
NEUYUNTIAN 2
U
B um, 1 umuay | dunan unang drunang
nang
2um
NGUIUNTIA U
C 10 U uag ey esfiage nan 1oy
DIMNIU flauu

fuA1ngu A dUSINTVIBLaEsnIINIg

yuIguge Aetuuleuemsd@eiivanzay As N3

'
o

9% auuuUsendn (EOQ) Nazd il odunininasdl

SEAURIARNETD (Re-order Point) ilatasnulyliin

dudvinile wazsedunisliuinisedisesas 100
[71 Fsnsld5Unuunsdeduduuy EOQ AuAud
n&s A aedianldang 10,441,584 umsied
fudngu B AUTuNaNTUIELAY SR
myudsuliunans arldsuuuunsdsieuuuiunn
(Fixed Order Interval; FOI) ﬁliaunmmiﬁﬁya%
\Huseunailunsdsdodmiuresdudiynsionisly

ludagaduen [7] Feanslisuuuuiiivduaingy B ag

fdanlgaesatwinnu 12,342,168 U

a ¥ 1

AUAINGY C NHUSUIUNNTVIBLALEATINIG

q

a P vaa o & o .
viyudguiian agldisnsd@eunuuansds (Two-bin)

A = la YUY 1 o a o & o
Q‘V]Wuﬂiaﬁuﬂ']‘lfiLV]’]ﬂUUilI’]mﬂ@aﬂ“l]a SN RN

¥
| =

gldfudvindudTunadiunnegad @ o
q
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seavasgaiineensinld [7] Fenrsldsuuuuiiu
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duAngu C azdlanldaneseUivindu 5,747,191.50
U

mﬂmiﬁmumgmwuﬁmmzaméf’m%@ms

v
v &4 a

dagpdunuaazusennnulinalyanglunisinnig
AUAIAIAGIANAIRN 35,527,645 U el L1ae
28,530,943.50 vsiad wieAnlusesay 19.69 (3

Fag1 IS nIsATUIaNLRNLeT [3], [4])

4. N159naUlATEAUNEDS: N1SINNITIAVUES

auAn

4.1 nowiuazaiseiieades: nsdndduey
Tumsdndduau awnsadssyndldinaia

wanowaiangae Inewmadaiteuldlneluie

[

nsdnanuulaeldngainudidey (Priority Rule

o

for Dispatching Jobs) 8n#19819L71U N15IAIIUUA

a

AauNaAneY (First Come First Serve: FCFS) 1unis
Sadsuaulagruiidnunewdusisunsnuay
uiidniindwindugidudal msdadduaud
Tdafeefigayinneu (Shortest Processing Time:
SPT) Wunisdnddunnuddnuesnulaeisuriin
Aldnardesiigainouudiesrirnuiideddinn
wndugrsudnly nstaeuiififvundweuauda

o w

Aiganiou (Earliest Due Date: EDD) Lun1sdadndu

'
a

AnudAyvesulagliyinnuiiinisdweusifign

1

Y

Aeuudresvnuiifidmundseuuunindudis
dald n1sdaauidnanniiaayiineu (Longest
Processing Time: LPT) tdun1sdnansuainudiey
ypaalagliinuildinanuniganewdudfu
wsnudaresyiauildnaitesninduddudaly
N13TARIAUIIULUUNITIR AU 1A lun15dn
WIARET A9 (Priority Queuing: PQ) 1uwadia
msinanunulagliaisuaudAyiutainesly
sy luuainesazuiseanifunasuaiie
sosfunsasuaineedifinudfgluseduuinisd
WANAINAU

dlunisidenmatdad azululdlunis

FAFPUNUUY ENTUNNGIVIANABINT LU

EDD agsjaiunisdenulviviunimuanisdeueuanu
SPT astdunsyaiulinuesnainnszuiunisnae

Fafign Judu (8]

4.2 NM33nTavuddud
Weldnguvesduduasuuuunisdsted

WnzanvesduRusaznguaInAuunsandula

'
a

seviindands wadildaznlslumsiaueguuuy
nsieaulaszauiiasfidunisiumunssaniss
sawfieanlUsuauddnSdus
91NNTRIITUIMATANTIASITUIILT LS
tiauslUlunquiiifeades wuin madafinzay
FMSUNNITINUNUNITIANIITOVUENEUAIVB IS WY
dansaldnwn Ao waliansinarnuaudiAglunis

JALIABENANNAY (Priority Queuing; PQ) Li9331A

'
v o o v a

windiatlagdnadulaglvimnudAgyiudsdiddgynan
NOU ANAIYAIF ALY TORIWIN AN Fanunziy
s lglun199UNUNTIR T VUAIRUAITDIT U

v v a

edinsaAnwnaglinnudAgyiuiuaingu A B

o

war C muau laeduarlungy A uag C 98NS

P

FaAud il osziuaudrfsandade (Re-order Point)
wazAUAINGY B sedadlofeseuszovnanlunisdide
navesn1sinaia PQ ulglunisesniuu
AszUILMSIANISTarUds AU Lt lUTuAuMuLandly
Al 4 Fsrnaimasdiuladn nszuaun1ssanissa
Yuds anusanvseenldduaiudiu Usenaunae
dudih Wuduifinnsandtonsinesdudniu
Aounin (Day N-1) dawdiden Wuduiinersand
FdovorTuiiinnsanddsde (Day N) wazdu ddu
Judfifinnsanddidevesindaly Day N+1) 3
nsiersunludiudduasiind wdesoussnnd
TR ImaRINNITUTIRAUAIAIAN9Y09 Day N-1
wardudiidasnisly Day N
nsvuIuNsaButudledseuideceanly
svaud1iulag (Day N) winauazyinn1snsIaasy
Fufnfiasdadludu Inalsuann1snsisdouRdens

A199997UnaUNIN (Day N-1) 1N UINHANEIAIAS
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wilnuazdewmsIdeusedddua1ngy A A9ANg
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A DINITUNABUAVUTUIATVOITOUTINA 01
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Aufiud wid1UTnsvesAudifidesnisuinniy
U3umsvessaussyniazuuslusududluiudaly

LLasﬁﬂé’aﬁu%QﬂﬁmimLﬁuﬁwé{“amﬁw

Wi lUNIAIN LT 9N AITUIAINABINTITVDY
Day N-1 waz Day N Vlaniuawas saussvndaiiusunns

Ae A8AIAUABIN1STOTUTA9 LU (Day N+1) 3

= S| N o oA

lailnaazdagndsdansaiun

q

oA v '

NATUINAFUAING
dedoundian wardnsenisdudidu ulvid
USmssnusann wasdioifumenisduddudily
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un | dudn BIGUERH . )
fuan 5 (cm?) INVUHS
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AMARNUIN

F9819NTANUIUAILNNTN VB ILAAL AR NN U b

lunswuanguduem
sale Inventory |Geometric
Criteria Unit Cost | Cycle Life Weight Product Ratio
Quantity Turnover | mean
Sale Quantity 1 9/5 9/3 e 1.6232 0.3720 1.4904 40071
Unit Cost 5/9 1 9/6 57 0.9809 0.2248 0.9040 4.0219
Cycle Life 39 3T 1 37 04974 0.1140 | 04583 40207
Inventory Turnowver /9 [l5] 773 1 1.2625 0.2893 1.1592 40071
Sum | 43641 | 1.0000 | Amax | 40142
Cl 0.0047
RI | 0.9000
CI/RI | 0.0052

Geometric Mean:

4 9 9 9
Geometric Mean = Jlx (g) X (5) X (;) =1.6232

Weight:

Weight (Sale Quality) = Geometric Mean/Sum Geometric Mean
= 1.6232/4.3641
=0.3720

Product:
Product (Sale Quality) = (1x0.3720) + (9/5x-.2248) +

(9/3x0.1140) + (9/7x0.2893)

= 1.4904
Ratio:

Ratio = Product/Weight
= 1.4904/0.3720
=4.0071

Amax:

)\max =

4.0071+4.0219+4.0207+4.0071
N 4
=4.0142
Consistency Index; C.l.:
Amax—n
c, - dmaxen
(n-1)
(4.0142-4)
IERCESY
=0.0047

Consistency Ratio: C.R.:
CR. =CI/RIL ; When R.I. = mean random
Cl.
=0.0047/9 ; RI'=9.000 whenn =4

=0.0052

v

1A1 CR. < 1 foeausula
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UNANYD
g & A = a I3 | ' a g a % aa
UNAUT I AUTEAIALN 8 NYINITTLATISNLUINA UUBINBINUTIULN BNI5LE 89T N (RMF) 7387
Multidimensional Scaling (MDS) lngldunsindnsarumsiues wasilSouiisulassaiansinnguludnounis
S2UMUR9lsALAIN-19 (U 2560-2562) wara195¢13in9n1sseuInanalsaladn-19 (U 2563) wan1s@nwInuIi 3o
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Abstract

The objectives of this paper are to investigate the clusters of the Retirement Mutual Fund (RMF),
using Multidimensional Scaling (MDS) method with their Treynor ratio measurements and to compare the
structure of those clusters before the COVID-19 crisis period (year 2017-2019) and during the COVID-19
crisis period (year 2020). The results illustrated that the map from MDS indicated the different clusters of
RMF funds according to their investment policy. Before the COVID-19 crisis period, the RMF funds are
grouped into 3 clusters. The first cluster is the group of the RMF funds which mainly invest in thai capital
market and government bond. The second and the third consist of the feeder funds or the funds that
invest in foreign capital market. During the COVID-19 crisis period, the RMF funds are also able to group
into 3 clusters. The first one is the group that invests in Thai capital market and government bond. The
second and the third are the general feeder funds and the feeder funds that invest in healthcare sector in

all of the world capital market, respectively.

Keywords: Retirement Mutual Fund (RMF), Treynor Ratio, Multidimensional Scaling method (MDS)
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A Comparison of Forecasting Methods for Seasonal Time-series
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Abstract

The research aims to analyze the time series of daily wildfires area in Chiang Mai which are classified
as seasonality, and the data also has a wide range of zero values over a number of periods which can result
in high variance. The data used consists of two parts: the number of wildfires area and the climate which
can be used as a factor that can affect the number of wildfire area. The obtained data used to create the
appropriate forecasting model by comparing the six forecasting methods which are multiple regression with
categorical variable, multivariate polynomial regression, the truncated fourier series, Holt-Winters’s additive
method, SARIMAX methods by Box-Jenkins, and artificial neural network; in addition, to measure the
efficiency of the model. The test data is divided into four phases: 3 months, 6 months, 1 year and 1 year 6
months, and compare with the six forecast methods by root mean square error (RMSE). The results showed
that the Multiple Regression with Categorical Variable provided the lowest RMSE values for test data over
a period of 3 months, 6 months, and 1 year, and SARIMAX method provided the lowest RMSE values for
test data over a period of 1 year and 9 months.

Keywords: time series data, forecasting, wildfires
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2010 2012 2014 2016 2018 2020

Date

a o ' 9 < o o
g‘iJVl 2 mamaﬂiﬂv\lmaaﬂammmmLi’aau‘wmm
Standardized




Thai Journal of Operations Research: TJOR Vol 9 No 1 (January - June 2021)

3.3 N15IASITYIVoUA

u

Wl eundeyad laainnisviaaiiuazen
W HUT0ULA Y UILAAITBY AR I8N T 8N
FUKUUVBDYNTUNIAAIFUN 3

Date Vs Area

1000 1500 2000

Area

500
1

o 4

T T T T T T
2010 2012 2014 2016 2018 2020

Date

JUN 3 namidayadiuiuiunliii

9N3UT 3 aznudeynsunaniinisiadeln
\esainggnia uazihdeyauiiaszsimenade
wazANauUsUTIUNUISiAeds (W) wihiu 40.2377
uaz AndeauuIAsgIu (0) Winfy 115.1595 Wi
o1 30 uannan W [13) Sandudeyadi A
wUsUTugenwilviensienismanisel

3.4 msuusdayauaznisnsadeulyd

Jayasynsuniatazgniinsuusdeyailu 2

(% £

Yndeya TayayausnAeveyarnaay (Training Data)

9 Y

sggnihanlfifieairsfuvuneinisal Tnefinisuvs
RGN ﬂLLﬁﬂman%’a;ﬂaﬁgwm LLazSﬁ'au‘jaﬁmﬁa%Qﬂ
wiafudesyannasu (Test Data) tilenUsansam
vasiuwuuinass lnsuvsnisnageuidu 4 9aelaun
300U, 6 Wau, 1 Uway 1 U 9 hau

dmsutoyasynsuianildnisifousves
a3 0995 sz n15vin1snsaadeuley (Cross
Validation) Fuduiadesiielunismageunuusiass
vasdeyanoudlunensaideyanageu lneld 2 33
fip

1) K-Fold Cross Validation 335a¢14n15uus
Foyavosoonidu K duwh q Aulasnsda iWethan
Tauszans nmwesianuunensal Tuunassoures
nsnagevaziinIsinAIANAIRLAR O waT AL
wiugn newlldlunisnensaldeyannasu

o w ao & v o &
a’lwimﬂu’sf\muﬁ]ﬂ‘ﬂmuﬁu Kas 5

2) Repeated K-Fold Cross Validation 35114
nann15LAYItuIs K-Fold Cross Validation Lsiagil

ANSYINEN ANUTIUIUTBUNNNUA F1USUNUITeUIY
1991u7u K A9 10 way s8UN15¥ineT fa 5

3.5 N1SE319RUUNEINT Al
3.5.1 N1SNEINTAINBAT Holt-Winters WUUNAUIN

n1sasediwuuInasIngInsalne3s Holt-
Winters WUURAUINIABINITAINUATINIUATUVDS
ganaeyd L = 365 Faagldlusunsy Excel lunns
#5719 warlulusunsy OpenSolver TunisAnuIMmg
Amnsfiaeding o Wlellien RMSE Aisiigauans
fegressguil 4 aguen RMSE Aldannisneinsalld
Fapns1ail 2

el [} E F 4 H 1 3
ophe | Ben Gamma
0.592385 | 0.036875 [}

= 385 s b
Emor2 e | Forecastad s s
L ) 111423 | 4672508
3348387 788524701 | 2358672 | 454588
3

26 | L5503t

1473663
5259551709 | 1410205 | 1510408
332061306 | 4507843 | Ls6a%e3

JUN 4 fog1amIAuIm aiwesdmsuls Holt-

Winters

A15197 2 A1 RMSE 98935 Holt-Winters LuUunauln

Variable RMSE

RMSE 3 hiou 198.1840408

RMSE 6 Loy 153.3521299

RMSE 1 U 107.9897828

RMSE 1 U 9 ifiou 201.5325591

3.5.2 NMsneNsaifitgaynsuEESLUURANaY

1138519 UUUTIABINYINTUAILOUNTUY
Busuuuaaneaulagdn15AINUATIUIUATUYDY
Fyanaanegi T = 365 Fearlilusunsy Excel u
n15a519 wagldlusunsu OpenSolver lunas
fuaAMIineseng 9 welildan RMSE fis

ign agueAn RMSE #ilsiannnisnennsalldnemnsnan 3
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JU 5 fegamsduamsiwesdmiveunsusy

SYSHUUAANOY

#5799 3 A1 RMSE vesaunsuyisesuuudnneu

Variable RMSE
RMSE 3 Lfau 186.3560544
RMSE 6 Lfau 140.9722406

RMSE 1 ¢ 99.27195697

RMSE 1 U 9 ifiou 147.2478356

o

3.5.3 MINYINTARIUNITANNDYUUUNAAMNT
wlsdnuseian

N385 19AILUUTIADINYINTAAILNITONDBY
Lmuwvmmﬁﬁﬁ’;LLUﬁmUismwmﬂIﬂﬁLLﬂm R studio
Tngldiuusdnussinnlugluuuraniion wuuInis
assaunseandu 4 LuufAe N1sasenIsannRELUU
Lﬁugﬂ (Full Model) meﬁdmiwﬁ 4, NSA519N5
anngguuuaniy (Reduced Model), N15&319n15
amamwuaﬂgﬂuuuﬁ K-Fold Cross Validation Lag
N15a319N150A0 08 UUAR UL UUL Repeated K-
Fold Cross Validation
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A1 4 ANFUUSEANSandUNiusveIENNISannaY
< | o o & |
wuudngUseninedadvanimeniatuiiunliidd

Coefficients: Estimate Pr(>[t])
(Intercept) 2.57E+01 8.41E-08
Max.Temperature....F. -7.73E+00 0.000128
Avg.Temperature....F. 1.84E+02 < 2.00E-16
Min.Temperature....F. -2.46E+01 4.89E-09
Max.Dew.Point....F. 5.60E+00 0.051747
Avg.Dew.Point....F. -2.61E+02 < 2.00E-16
Min.Dew.Point....F. 2.93E+01 2.42E-07
Max.Humidity.... -2.70E+01 < 2.00E-16
Avg.Humidity.... 2.16E+02 < 2.00E-16
Min.Humidity.... -7.69E+00 0.046249
Max.Wind.Speed..mph. -2.41E-01 0.844327
Avg.Wind.Speed..mph. 2.37E-01 0.870545
Min.Wind.Speed..mph. -9.93E-03 0.992593
Max.Pressure..Hg. -3.48E-01 0.712637
Avg.Pressure..Hg. -1.93E+00 0.350948
Min.Pressure..Hg. 1.68E+00 0.254858
Month02 2.28E+01 7.39E-06
Month03 1.03E+02 < 2.00E-16
Month04 -7.22E+00 0.284141
Month05 -2.64E+01 0.000165
Month06 -7.49E+00 0.299014
Month07 -3.46E+00 0.628467
Month08 -2.95E+00 0.674405
Month09 -1.51E+00 0.827491
Month10 4.36E+00 0.483658
Month11 4.19E+00 0.443781
Month12 5.95E+00 0.21058
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N5 4 iesndPadenisaninennie
wardulsdnUszinnueiaiian pvalue finnnnin
0.05 3nihnsanguiie3s Stepwise Lilafmdanuas
finAaUslaun1snsivdeussAutydAy uazdinmn
wUsinUszianlimilouRudusvaunisannounuy
ansU uLagyinsanguaiels Stepwise Y04iuUTIn
Usgtandmsvaunisannsguuuanyulaeinig
nrvdeuley wanaiinsed 5 uazaguan RMSE il

INNSNINTAILAFINIS19N 6

M15797 5 Andudsvansanduniusvesaunisanneey
wuvanjUlagdnisnsivaeuledseninedadvann
anAfuiunliii

Coefficients: Estimate Pr(>[t])
(Intercept) 2.26E+01 <2.00E-16
Max.Temperature....F. -7.88E+00 9.09E-05
Avg.Temperature....F. 1.85E+02 <2.00E-16
Min.Temperature....F. -2.46E+01 2.57E-09
Max.Dew.Point....F. 5.46E+00 5.68E-02
Avg.Dew.Point....F. -2.63E+02 <2.00E-16
Min.Dew.Point....F. 2.99E+01 8.09E-08
Max.Humidity.... -2.68E+01 <2.00E-16
Avg.Humidity.... 2.18E+02 <2.00E-16
Min.Humidity.... -8.14E+00 3.15E-02
Month02 2.54E+01 9.68E-09
Month03 1.07E+02 <2.00E-16
Month05 -2.17E+01 4.32E-09
Month10 6.32E+00 8.15E-02
Month11 5.61E+00 1.31E-01
Month12 6.79E+00 9.40E-02

o

M131991 6 A1 RMSE ¥84n150A008ULUUNYAMATIAT
wlsdndszian

RMSE
Method
3 fiou 6 Liiou 19 199 1iou
Full model 91.98635 76.80512 55.18481 144.1421
Reduced model 92.113 76.89221 55.25577 144.0143

Reduced model

K5

92.24924 | 76.77547 | 55.16708 143.8217

Reduced model

RcvK10

92.24924 | 76.77547 | 55.16708 143.8217

3.5.4 N15NEINTAIAUNI150A088LUUINA luiga
LuuranefILls

NTAS 1 ILUUTIRDINGINTAAIBNTOANBE
wuUkUUInA LU el uUraNgf LU AT UUINISAS
aun1seenidu 4 KUUIINNITOANBELUUNYE Wit gl
FauUsTaUszanlaed n15id uaun1singsaes
(Quadratic) uagduidulfauwusseninadauys
8d5% 2 A7 (interaction) @#5UA1 RMSE Alea1nnIs

neNTIlARINSIaN 7

A15799 7 A1 RMSE sa9n15anasswuulnaluiiloa

o
LUUANEAILYS
RMSE
Method . . . 139
3 oy 6 Lou 19 N
Lo
Full model 93.33195 | 7893754 | 55.88681 | 1459292

Reduced model 93.99207 | 79.06667 56.09014 145.0891

Reduced model
93.59851 | 78.94547 56.09811 144.828
with K5

Reduced model
93.59851 | 78.94547 56.09811 144.828

with RevK10

3.5.5 NMISWYINTARLALUUINADY SARIMAX

AsNEN5AIR835 SARIMAX umaiianis
PUNTULIAT A DINARDUAIINT 4UBIDUNTH
(Stationary test) ADUUNINASIUUUTIABDY NISANYT
adsivinnsvadeumuila #2638 ADF unit root ve4
Dickey and Fuller [14] Ingfununauuigiunanly

n1snageu (Null Hypothesis: HO) Aim aynsuvianlal

:l '

=~ N 1% i
1AUUY NAN1TNAEBUAITUN 6 WUuI1AT P-value

U

'
AN v o o W

ausaUasaunfgiuvaniiseautedfey 0.05 16

augmented Dickey-Fuller Test

data: Area
Dickey-Fuller = -6.577, Lag order = 14, p-value = 0.01
alternative hypothesis: stationary

JUT 6 nansnAaaUANlaveIBYNIUAILTT ADF

unit root

ANNUUNINIRF19MULANABS SARIMAX Taerldiiads
niguenanannisnaneswuuanglaaallsunay R
studio TneARBARLABNFAILLLANA89NAN Akaike
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information criterion (AIC) Niaafgn TnaAniaan
W IMUA 6 FAILUU @3UA1 RMSE 71 1A 311015
NYINTAILARINITI9N 8

M1597 8 A RMSE 989n15iuUs1a84 SARIMAX

RMSE
Method

3 flou 6 Loy 13 199 iflou

SARIMAX(3,0,1X0,1,0) 181.6291 135.3868 | 95.39092 141.4235

SARIMAX(3,0,2)0,1,0) 181.6845 1354304 | 95.42068 141.4462

SARIMAX(4,0,1)0,1,0) 181.6222 1353809 | 95.38683 141.4179

SARIMAX(5,0,1X0,1,0) 181.6247 1353828 | 95.38794 141.418

SARIMAX(4,0,2X0,1,0) 181.6175 1353775 | 95.38458 141.4177

SARIMAX(5,0,5X0,1,0) 181.5213 1352967 | 95.33204 141.3259

3.5.6 NM1SNEINIAIReITIATIUeUsTEMTIEY

lunisadrsuuudnaenigislasaieyssam
Wisnazldlusunsy R studio lnefideyaundndy
Jadpanimenisainaunisannesuuuifiugy uay
wuvangy WlennUssuiisunadnsiile Tnefivua
AMSEieTYRUUTIaRIRe IuIuluaWiU 5,
10, 15, 20, 25, 30, 35 waz 40 wars As1LT vU3
(Learning Rate) inAu 0.01, 0.05, 0.1, 0.2, 0.4, 0.8
waz1 Tnsuuudiassazgnidenaindmsdiiaesiivi
Tviein RMSE shaaunld aguemnsiines uas RMSE

av v Yo a
Aldannisnennsallasanisen 9

A157197 9 A1 RMSE wa9islasaunaUseaniiay

Neural Network RMSE
Method

139

(size,decay) 3 pou 6 WWou 19 .
\Wou

Full Model
(30,0.05)
Full Model
K5 (30,0.4)
Full Model

106.3965 87.55564 62.2416 147.4387

97.2116 86.10667 64.74964 150.9985

100.4768 84.23596 60.65833 150.1992
RevK10 (35,1)

Reduced Model
(30,0.4)
Reduced Model
K5 (25,0.8)
Reduced Model

102.2462 | 84.34666 60.16941 145.2222

97.52495 81.41748 58.18625 143.1615

98.30117 84.77458 59.98173 145.9034

RevK10 (35,1)

3.5.7 NMSWAILILUUINADY

wisanadrwuudiassiioldlunisnensel
nadngunaAflsoeninaziirntesnd 0 Faandeya
fudlwnezdiuinlifialafitaiosnin 0 Sadosin
nrswawuUTas lae3salddonsTdias dud
\3un31 Rectified Linear Unit (ReLU) lagilguuuu
aun1seEunsT 14

f(x)=max(0,x)=4 0 ox <0 (14)
x x>0

o x Ae ANeINsal

4. agunan1saliuauatatauauue

N3 lansAneniseudiouds
wmnsaﬁmaqaumuLfamgﬂquamaﬁﬁmﬁuqué
ﬁwuaumnim81%%’@15aﬁwuauﬁuﬁmﬂﬁmlwm way
fogyaanmornia Fonisairauuusiansia 6 LUy
eud FFoynsuniSesuuudaneu, 33 Holt-Winters
WUUKAUIN, iﬁﬂwﬁlmwﬁmsmaaaquwmmﬁﬁ
fuUsdnuseLny, IN1TIATIERNTan008lUULNG
Tutd gauuunatgfwys, 35n15lduuuanans
SARIMAX Waz3dlassneusyaniiies

PnnaaeInuiEunsanaeskuuingUlia
RMSE A nnanluniswennsaivaa 3 ey widy
91.98635 aunisannsekuvaniulaglinisnsiaasy
To¥ 161 RMSE anamluniswensalvag 6 1o
WINAYU 76.77547 waz 1 U i1y 55.16708 wag
wugUuUUIBveenseTIeaeuly uanaiuliina
é’wa‘ﬁmﬁauﬁ'ﬂumaa%’waummmaauuu@ugﬂ
wazhuvansy Tudiuvesnisneinsallugie 1 U 9
WU LUUTIADISARIMAX (5,0,5)(0,1,0) T#dn
RMSE G‘hﬁfjmwhﬁ’u 141.3259 91ANaNSNARDIIIA
n51UiBEMsnensaifldtasunieueniionvdina
depunsunalinadwsfinninisnensallaglald
Yadunmeuenuiiieitos

uAdetansathlUliie dunuimadunis
wernsalsrvauiud i luusardansad osannd

sUkUvaUNTUTIAR8AGITU Nelnadnsvee3sN1s
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UNANED

NNTAARINNITANLTUNULAZANAUINTZUIUNIINNUTDIUATINERUNETY (Internal Audit Process) 173
AusIng Huseaaunsal uazagieunsaudunuesnauiase Wudnumiaeanisumsdanismiienuiia us
nsfamauaziamssiiunuuulfzUssguuuuidsearldonwesldfivssansam saustainldsyaunsal
wazaruiAnesiuimauidym vielitoyafiaanisaifuiiesediafeotlifiosnefiazasiountsyineui
wia3e uarldannsoudlugauansoswing q Idnsne uidetuiidunsldinadamiemnszuiuns (Process
Mining) i'amﬁ’umﬂﬁﬂmiﬁﬂui%m%a (Machine Learning) inangaglunsiinsient Event Log dafiunsdifinw
\AenaInszuUaITaumAYessEUUUIMNTanInTeaeunely i ovuuameiam e UfuUsInsEuIunNg
asreaeumeluliiussavsnnuasmnzanteiy Tneagldinada K-Mean Clustering lun133nnga Event Log 7id
Snuwaizadneiuiouudi3euiiluvh Process Discovery wiaad1e Process Model fifaenis dsm1sinussansninues
Process Model #ils azldinafian1sinszvinuasnndeuainszuinuns (Process Conformance) %38 Fitness
Score wagdsausatilUAATEluIMIIUUTINSEUILNTIINY annsTiausideu UuUsnisuangisny
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Abstract

Follow-up and develop the internal audit process to be faster, keep up with the situation and
reflect the actual operations, it is part of good organization management. But monitoring and improving
operations on traditional conference table can be difficult and inefficient, including often using experiences
and feelings of executives to solve problems or using the forecasted information alone may not be sufficient
to reflect actual performance and unable to fix various bugs at the point. This research is using of Process
Mining and Machine Learning techniques to help analyze event logs, which is a single case study from the
internal audit management system to find out guidelines for developing and improving the internal audit
process to be more efficient and suitable by using K-Mean Clustering technique to group event logs with
similar characteristics and then use it to discover process to create the desired process model. Measure the
efficiency of the process model that is obtained using the process conformance analysis technique or
Fitness Score. And finally, it can be used to analyze ways to improve work processes, reduce redundant

work, improve resource allocation and system development guidelines to be more efficient.

Keywords: process mining, machine learning, process improvement, inductive mining
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1. umin

n1sUsznaUgIAan sufefnaufetagud
sjnefieairwaUstlond iduaiininasgdule
Tiugsfauazdnasulinofiaseldiinuiniy
KAEWS T anuaTlf D901/ BAINTINNIGIAY (Business
Activities) ane ) Aanssu vane q Junouideulesty
i elwussqudimunedlédaaly uvnefanssuenady
Aenssulemzvesdunuiil 9 lussdns uduisianssy
o1adeulssdudenuivilifanssumegsfadinany

~N v oA v

FuYaULaLLLN 899U NTITU N5 auleananssy

Y

1Y o

N9gINWAY 9 SUNITINAY LI UTENTURUUTDINTT
Fndusmaniin ASLUIUNITNINEIAD (Business
Process)
lulangatagUulasianizasdnsauinlng
nsEUUM NItz duteuAsItesiuvais
Aeeuand ety vliesdnsdomersuwaunsyuy
ANsAuMAL a5 USEULNMUANY 9 1nune VI
nMvhendisransnimnndetu Sanuduseluih an
FLYLLIAINITNNNUY AANIAIAY LA TIANAUAANAIN
fiorfAntuannuyud wiluanuduaianisldssuy
msammLﬁﬁ’wmszhagdLﬁmﬂzymﬁiyua&hwfmﬁamax
fauadauedliiunisudlefiuviadswaznsegn §u
eunannisluanunsaiimsigsinisiua (Flow) ves
nuldegretaau Lﬁaqmﬂa@uﬁzwmiamm 9
nsiinaerInvesunilsluszuy vldiszuueudl
aualuie vseflveduiiintulussuuiiling
suduenldiduluma Flow 7idsl3 (Overrule) 3aan
AoN13n5299U Wudu
Fafusanansnaguilgmenidulaidu 3 4o
#io 1) 1losaInnszuIun1sgn Embedded asluluszuy
ansaumnadvihlidguagindanisinaiy (Difficult to
monitor) 2) A1TYMITUUUTEUUETAUNALA VLAY
AamuRanssunisvihalilu Log File dseenndonis
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Judu msviamedeulv (Animation) Tnefawuy
frglianunsasiaesaounisaifiwandstusenty way
Tdalauonuzuifeanuuy uasduuudstaelunsds
ANYB3TEUY (System Configuration) 8nane [1]
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204LA3 89 (Machine Learning) W@ 14334 Un 159
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and1 aundensdidu 9 fawnsadanguld 2) s
weINsaluIoAInn1Tal (Predictive Analysis) 19U N3
Wmﬂizﬁﬁ;ma‘um (Bottleneck Prediction) Wi a7iazlé
ausadosiulilhiindulunszuiunis msweansed
udaly (Next Task Prediction) InglgRandom Forest
Algorithms #3® LSTM Deep Learning Networks 4
o199gldlunsmanudululdignaazlugand
qmﬁw (Final Checkout Page) iiededodudluszuy
E-commerce N13AMMUAADIULAAYIEVYDINTEUIUNIT
(Processes Final State Determination) 1 ¢ &1 4
Classification Algorithms oA dululgfiauas
§uq¢mw§aﬂizmumi%ﬁwﬁa ASIAATININYING
(Resource Allocation) Tael4d Regression Analysis
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1512 T 7 denanonadns (Process Variable
Dependency Explanation) Wiovsdtlaselunssuaums

v ¢

Aflnansenuunsenadnsgayine ¥e¥iegsnaluns

'
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SuUsINand e liAg sy 3) msdaseiiella
HARNS

[l

ﬁﬁﬁqﬂ (Prescriptive Analysis) 1% N15HUEUN
i A gafi agvins el ol ld UszAns amues
N3TUIWMIINTIGR 930 Msuuzihnsfamine1nsly
nunseaaninensiliivseansnmaniieandlddne
Tausau 4 n1huUzUwINIEUIUN1S (Process
Recommendation) 11 8 U5 UUs U505 AN
(Efficiency) wazaMuLkaiugn (Accuracy) 999052 UIUNTT
Tudugsiagninludszgndldluvate 9 lawm

219 TalunnsmsiaaeunIunisdu (Financial Audit) [6]

14luN15AT19d@9UAIUTEUUANTAULNA (Information
Systems Audit) [3] 1¥lun1sasiaaeuuazannisnin
(Fraud Detection) [7] Tt Tuasnasunve [4] Talunns
Ansgiszuvansaumealuinisled [8] Tdaszinis
auHun1snaalunIsanamnssy [2] ld3nasien
N3LUIUNITUTIAAUAIANT IV NAT (Customer
Fulfilment Business Process) Tu29n15nsauunau [9]
Tdlunsiieseimaiuvesgnaluisassnduen [10]
uazldwensaluszansnimuesnisdnen [11]
Fusudulunisiuniiesnszuiunis ER. et
al. [9] n@nidsusniidenihdenisinisunasiedoya
Mngrudoya d9fde Event Log WiothanysdAanssy
(Activity) An374 (Table) wagdaudseing 4 MAstesiu
Process waﬁliﬁmm‘gumauﬁy%ﬁwmﬁvﬂ'auﬁamn
s1utoya Tavialy Event log agUsEneusie 3 fauys
wdndiusdnanssy fie 1) Identifier w3e 1D 2) Fofanssy
(Activities) 3) Junanfivufingens (Timestamps)
Fuitdes Ao n1svaviunilesnsyuaunisd
Algorithm #ainuany é’uLLiﬂqﬂ o Alpha Algorithm
[12] @ 811 Medeiros et al. [13] 1@ Walu1 Genetic
Process Mining #3 ® Genetic Algorithm &g & 43l
Algorithm 5 9 919 Inductive Miner Fuzzy Miner
[14] way Heuristic miner 1 wnil dlu Algorithm Al
PULNTIANY [15] wazdlAuAIUNIURDEIATUNIU
(Noise) 17 [16] Femumunzanvenisldauduly

ANUANSN 1

ms’mﬁ 1 A5M99U Process Mining Algorithm [17]

Algorithm When to use

Alpha miner Not recommended for real-life data.

Heuristic miner For real-life data with not too many different events.
Fuzzy miner For complex and unstructured log data or for simplification of the
model.

Inductive visual miner For discovering process delays, deviations, and animation of the model.

JUNENU ABD NIFILATILNAIUADAAA BIVDI
ASTUIUNSIAENSSeULigU Process Model fiauny
U Event Log TusguuLW onina navasndtuly

donpded Wit lUduuimauidaym uas Tugavine e




Thai Journal of Operations Research: TJOR Vol 9 No 2 (July - December 2021)

NMsmLLINIseUsuUTInszuINnstusE AnSn G

ga7u
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Abstract

The aim of this study is to apply mathematically modelling for job shop scheduling problem to
one of the automotive part factories in order to reduce inefficient processing time. This may lead to delay
in transporting the products to the customers. This research applies Solver which is an Add-in tool in
Microsoft Excel in helping a decision maker in making a decision. Then, the comparison has been made
with the heuristic current method. The results show that the mathematically modelling can decrease total
working time (makespan) 73.99 hours or about 3 days which can be considered 11.32% in May 2021 and
the total working time can be decreased 21.72 hours or approximately 1 day (2.83%) in July 2021.

Keywords: job shop scheduling, heuristics, mathematical model
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Abstract

A procurement plan of agricultural products is important because agricultural products had uncertain
factors involved make it difficult to plan. This research considered uncertainties that are factory demand,
the number of supply coconuts purchased from contracted farms, the number of supply coconuts
purchased from collectors, the coconut price purchased from collectors, the selling price which had
different distributions each time. The mixed-integer non-linear programming was formulated and run for
500 trials. The objective was to maximize the annual total profit. The truncated distribution of the
procurement plan was analyzed. The solution indicates how to define lower and upper truncated
distributions. In addition, truncating the distribution interval in three cases: lower truncate case, upper
truncate case, and doubly truncate case. By reducing the data interval by 5 to 20% when cutting the
destination on the side or both ends. When comparing the non-truncated scenario to the lower truncated
case, the result showed that the lower truncated case exhibited a profit increase of 3.60 percent. As a
result, the importance of factors that are less likely to occur was reduced. Procurement planning becomes

more profitable as a result.

Keywords: Agricultural Product Procurement Planning Mixed-Integer Non-Linear Programming Truncated

Distribution
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Abstract

This research proposed a scheduling method for tire building machines with reducing total cost from
labor cost and electrical cost as the goal. The production system in the tire building process consists of 32
parallel machines that responsible for producing 7,200 tires of 80 tire models per day, approximately. Each
machine’s setup time when changing the models in production depends on the tire model that produced
previously. Production scheduling in this process is a weekly planning activity for generating daily production
schedules that meet all demands for each day in one week indiacated in the master production plan. Thus
this scheduling problem is a parallel machine scheduling problem with sequence dependent setup time as
processing restriction and minimizing total cost as the objective. A mixed integer linear programming model
(MILP) was developed to solve this problem. A school bus routing problem formulation was used as the
prototype model in developing the proposed MILP that included an overtime constraint and possible
different initial jobs on each machine. The performance of the proposed MILP was evaluated by comparing
with the real production schedules of 30 days generated by experience of the planner. The results revealed
that the proposed MILP was able to find all feasible solutions. The total cost was decreased by 328,848
baht per month. The average number of machine used for production was reduced by 3.3 machines per
day. The average setup time was reduced by 34.9 minutes per day. The average hour of production in

overtime was reduced by 6.3 hours per day.

Keywords: parallel machines, sequence-dependent setup time, mixed integer linear programming
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10 61 26 54,871 | 50,927 | 7.2%
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17 62 26 58,465 55,038 5.9%
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26 72 27 57,297 | 53,983 | 5.8%
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TH] H
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2 82 83,795 | 72,358 | 11,437 32 29 3 1,693 1,574 119 17 2 15
3 81 83,454 | 72,662 | 10,792 32 29 3 1,572 1,538 34 13 4 9
4 1 85,422 | 74,406 | 11,016 32 30 2 2,579 1,530 1,049 22 2 20
5 7 83,276 | 73,100 | 10,176 32 28 4 1,672 1,559 113 10 2 8
6 86 83,251 | 73,051 | 10,200 32 29 3 1,623 1,468 155 10 6 4
7 7 83,340 | 72,732 | 10,608 32 30 2 1,491 1,640 -149 11 [ 7
8 76 83,660 | 75,162 8,498 32 30 2 1,448 1,897 -449 13 5 8
9 73 81,391 | 68,158 | 13,233 32 27 5 1,503 1,395 108 5 6 -1
10 71 80,728 | 69,665 | 11,063 32 28 4 1,251 1,298 -47 3 [ -1
11 71 81,620 | 68,382 | 13,238 32 26 6 1,333 1,651 -318 7 20 -13
12 73 82,095 | 70,884 | 11,211 32 28 4 1,335 1,704 -369 8 8 0
13 74 82,682 | 71,954 | 10,728 32 29 3 1,268 1,370 -102 12 2 10
14 74 83,746 | 72,411 | 11,335 32 29 3 1,525 1,474 51 17 [ 13
15 73 84,279 | 74,091 | 10,188 32 30 2 1,505 1,370 135 18 0 18
16 71 83,208 | 71,881 | 11,327 32 30 2 1,462 1,003 459 12 1 11
17 71 83,569 | 73,228 | 10,341 32 29 3 1,411 1,894 -483 14 6 8
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25 78 81,422 | 69,298 | 12,124 32 28 4 1,467 1,470 -3 7 1 6
26 80 81,571 | 69,481 | 12,090 32 28 4 1,505 1,524 -19 6 1 5
27 78 81,934 | 69,461 | 12,473 32 28 4 1,516 1,507 9 6 0 6
28 81 82,834 | 70,705 | 12,129 32 28 4 1,518 1,473 45 12 7 5
29 80 82,894 | 71,407 | 11,487 32 29 3 1,493 1,411 82 14 0 14
30 75 82,111 | 69,856 | 12,255 32 29 3 1,337 1,602 -265 12 5 7
La?{wiai'u 82,695 | 71,734 | 10,962 32 | 287 33 | 1,5103 | 1,4754 349 | 103 4.0 6.3

Jewarn1sanad 13.3 10.3 23 61.0
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