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Abstract

The consideration of Hashtag or choosing it appropriately to pictures on social media is one of a
good strategy for online marketing. However, it is quite complicated to consider for a proper hashtag
because it only requires the experience of online marketers regardless of the pictures under the hashtag.
This research is made to generate a tool for analysis of pictures under a searched hashtag or pictures of
influencers on social media. Moreover, it is used for making decision on the hashtag and be able to integrate
in searching for the suitable influencers on social media. Moreover, the developed system is demonstrated

as a case study for decision making in selecting influencers in social media networks on the Internet.

Keywords: deep learning, image analytics, social network, hashtag
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geanunsavinuneeenuuduninaisuen nieniely
g1Asanunladnee dauuuilazinanldinsienin
AMngnaneTui vy wagegneuen wien1elueiais

A01U7

o

MLUUATI9IUIAY (Object Detection) #11150
n19dUTngla 80 Tngdazihunldiionsiaaeuingi
aulalugunwidusngeguinlawasdsaunsatiunm

Rule Set inglafintunsauiuinglalsdiey

fanuulung

s “danuulunl” seaesdanuy agldin
LUULAY (Backbone) e EfficientNet BO U1a1H 11U
NsEUIUNITAIENBANISITBUS (Transfer Learning)
ielwlesmuuudmsu
L @ uuudunUszlanaus anguaan (Image

Sentiment Classification)

2. MuuudiunUselananwag3UaIn (Image Style

Classification)

3.1 undsiiunvasdaya

o

dosmnluanudseddesinisadrsfuuunis
FuuNUsEANANUIaNTeIFUAMN (Image Sentiment
Classification) Wag #ALUUTLUNUTLLANG NYAY
3Un (Image Style Classification) ﬁaﬁuﬁaﬁﬂayja
sUamassdundnidedliiiensasusuuy ooy

[

ayadmsunisaeudnuuinnaniuled Fuduyn

e

'
e~ 1

ayaflegvaagunin (URL) 91niiules Flickr ignin

U Y

e

aantiwad a1 msunisasusiiuuuswunuszLan
ANUFANFUAMN (Image Sentiment Classification) &
f51eazidennatl

1) yadoyannuzangunin (Image Sentiment

Dataset)

Joyadnsunisasufuuuiiananiuled

Y

https://mm.doshisha.ac.jp/senti/CrossSentiment.html

2y aveyaanuaeyUnin (Image Style

Dataset)

[ o

Tayadmsunisaoudinuuuananivled

http://vislab.berkeleyvision.org/datasets.html

3.2 mswssudaya

3.2.1 miﬁqgﬂmwmna@aqgﬂmw (URL)

Joyaaewadoyaiiusenisneguesgunin

U q
v

(URL) fstiud 141935 nsidulusunsui ovinnnsia
foyagunimesnyn siieguaagunin (URL) unadaudl
anudenigldaunsanfsdoyald lnsyadaya
AU3ANIUNM (Image Sentiment Dataset) H3117u
sUnmfaunsndifald saguamitomn 66,839 3
druynveyadnuuziunn (Image Style Dataset) 4l
Fruangaindiannsadnddld sawgUamtanun

63,989 3U
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3.2.2 nmsliaandaya
1) yadoyan1u3angunm (Image Sentiment
Dataset)
dmsugadeyaninusanguain (Image
Sentiment Dataset) 9¢fi n15lvaa1nveaya (Data
Labelling) IngldiAnaan (labeller) 91wy 3 Au lag
wiazgUnndRngaInusazauasEuANSANIEFUA N
duldifosnugdniiend ausznaudae uday
(Negative), na14 (Neutral) hag wiuan (Positive)

Wiy uslielin1sseauvesauianiininuaziden

'
a

fetulumuidetagliisuisnnuidnoendu 5 e
fo uwiavegads (Highly Negative), Liau(Negative),
nana(Neutral), wsuan (Positive) waz wiuanee198s

(Highly Positive) Inadiinugin1sihiaing LuuaInAg UL

ﬁ@'amamﬂlﬁﬁaﬁ

- wiaued13da (Highly Negative) fisaiile K #in
287 (labelleniia 3 Auligtidu (Negative)

- wiau (Negative) fsiaile fffinaain (labellen)
2 aulisUidu au (Negative) uay 1 aulvidu
nang (Neutral)

- e (Neutral) fisteiile gfinaan (labellenita
3 Auliiguilu nana (Neutral)

- uduan (Positive) fieidle HAnaaN (labeller)
2 auligUidu uan (Positive) waz 1 aulidu
nang (Neutral)

- wivanegneds (Highly Positive) fisaiile KA
a8 (labeller) i 3 aulviguidiu (Positive)

aunsaasulanunnsad 2 nsuuadpzuuunduidn

M5 2 NsuUasAziuLANSEN

AENFIINNITHUAIATLUY AT WIUFUA M
lunsagusginnaaindanisnad 3 Suduguamluye

ToyaruidngunmuenauANidn

M1519 3 Fusuamlugadeyannuidnguaimuen

Ve
AINAIUIEN

Uszuny 19w (3U)

Highly Negative 7,122
Negative 7,005
Neutral 9,838
Positive 13,697

Highly Positive 29,177

FIFUNINNIYINR 66,839 g1/

v @

2) YnUayaanwueIUNIN (Image Style Dataset)

9 Y Y

£ o o °

dmiuteyad msvasuduuuTwunyseny
anwar3Unm (Image Style Classification) aa1ndeya
ﬁlﬁmﬁmmaumzﬁw%’aﬂ%’mu ligdudaslsiaain
‘?J'aadal,ﬁ'mau ?iQﬁai’wmugﬂmeuLwiazUismmmﬂﬁq
5197 4 Sruaugumwlugedoyadnuazguninuen

ANANYUEIUNN

a ° 1% o
m3il ¢ Sunugunnlugedeyadnuargunimuen

ANANYULFUNMN
Uszam 1w (3U) Ussam 1w (3U)
Bokeh 3,262 Macro 3,322
Bright 3,208 Melancholy 2,753
Depth of Field 3,102 Minimal 3,195
Detailed 2,743 Noir 3,570
Ethereal 3,220 Pastel 2,912
Geometric 3,150 Romantic 2,957
Composition
Hazy 3,385 Serene 3,625
HDR 3,283 Sunny 3,210
Horror 3,511 Texture 3,306
Long Exposure 3,097 Vintage 3,178

wiau nan wivan
(Negative) (Neutral) (Positive)

udaveeeds 3 0 0
(Highly Negative)

wiay (Negative) 2 1 0

naN (Neutral) 1 2 0

naN (Neutral) 0 3 0

naN (Neutral) 0 2 1

wivan (Positive) 0 1 2

wivaneeeda 0 0 3

(Highly Positive)

FIUFUNINNIYN 63,989 31

3.3 nsas1eaanuulna

Wid09iLuU 1An1nn1stte L uUEuns
@ouwa (Pretrained-Model) HTW 1UNTLUIUNTS
a1gneAn15i3eu3 (Transfer Learning) gl daunis

anndnuwzLanie (Feature Extraction) tJulasene
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Usza1n (Neural Network) UisLnWﬂauTaq%u
(Convolutional Neural Network) wila EfficientNet BO
AHunsaouuduuYateya ImageNet (Pre-trained
on ImageNet Dataset) Tnethdufuuusuundssaam
(Classification Layer) 8on waaadnedusauuusiuun
sl 9niuimstestuldlimdnveaduns
afina nwaylanie (Feature Extraction Layer)
Wasuulas udwhnmsasusauuimuadasyadeya
qou

Ingyntoyavzgnuisenduyadeu (Train Set)
waz YAnaaeU (Test Set) Tudnsndu 80:20 wnilouriu
TN S uunUszaneuAnueazUnIn (Image
Sentiment Classification) ez AHUUTILUNUTZAN
anwauzgUn1n (Image Style Classification)

U7 1 uansfalassainalnensn vesiauuulvsl
Tngdwuuldazisgunmdewdi (Input) i
nIzUIUNIIUTZUIANE (Preprocessing) Lﬁaﬂ%’ugﬂmw
Tdarumanzantuiuuy Ineduneutiasiiaesdn
AaNsUTUIUIATUNN (Resize) Lay MsUsEaaNaT
Fnduanzvesiuuy EfficientNet (EfficientNet
Preprocessing) wd i miidunsyuIums
Usrananaudnaggnrnutunisafindnuasiane oy
rudusuuuSuunssnnuds agldoenundunadng

AsYUNgvBIRkUUlL

224, 224, 3

Feature Rescale implicitly
EfficientNet BO

Extraction
(Pre-trained)

GlobalAveragePooling2D Input Classification Layer

Classifier Classification Layer

Dense (Softmax)

tput Classification Laye

Output

LT

U7 1 lassadalagasnivesduuulng

798¢0 8AVDIUTLLAN VYUIARILUUDTILUN

USELNNVDILFAALAILUULAAINISIEALLDEA Y A15199

5 518aLLdunvaIIwUUl NS 19T

A157199 5 S18azLdunvasiakuUlrdnas 19Ty

18N13

fanuun1sIuundseian

anuidnvasgunn

Anwnizgunw

Uselan

Multiclass Classification

Multiclass Classification

yumgun ot

224 x 224 (3 Channels)

224 x 224 (3 Channels)

Mini Batch Size

32

32

Optimizer

Adam

Adam

Loss Function

Categorical Cross

Entropy

Categorical Cross

Entropy

dmdusvazidunveduiuuusuunUssan
(Classification Layer) 4946 2WUU AALUUNITIIRUN
UszinnAlnug anved3Un1n (Image Sentiment
Classification) kag AUV WMUNUTLLANS NV
3Un M (Image Style Classification) wanslun1snsii 6
S108ELEBATUNNSTILUNUSEANTDIFILUTANST LN
Usstmarwdanvesgunimuas msi 7 seaziden
FunssuundsziamvesiuuuiuunUssiandnvae

FUANATAUINAZUUY ATNENU

AN 6 518ALLDYATUNITILUNUTELNNVDIFILUY

nsPuunUsznnauidnvesgunm

Layer Type Dimen Activation Drop Batch
sion Function out Normalization

Global Average

Pooling 2D
Fully Connected 1024 ReLU 30% Yes
Fully Connected 1024 ReLU 30% Yes
Fully Connected 1024 ReLU 30% Yes
Fully Connected 512 ReLU 30% Yes
Fully Connected 256 RelLU 30% Yes
Fully Connected 128 RelLU 30% Yes
Fully Connected 64 RelLU 30% Yes
Fully Connected 5 SoftMax

(Cutput)
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AT 7 S198EBUATUNITILUNUSTLANVBIRA LU

TuunUTEIANANwUEUANMSATIIMAT LY

Layer Type Dimen Activation Drop Batch
sion Function out Normalization

Global Average - - 20% Yes

Pooling 2D
Fully Connected 512 RelU 30% Yes
Fully Connected 256 RelU 30% Yes
Fully Connected 128 RelU 30% Yes
Fully Connected 64 RelU 30% Yes
Fully Connected 20 SoftMax

(Output)

3.4 NITANUIUATHUUAIIUANITEY
3.4.1 NISATUIUASUUUAINNNNZANF1ATU

AMusangUaw

S(P,E) = W(P) X F(E)" (1)
e
S(P,E) A Aruuu TA10glugas [0, 1]
P flg LWYISN VWA M X N
p,; Aoaudnves P %ﬁLfJummﬁwmﬂmmgﬂ i flay
Wudsean |
- iquddndaus 1-nlag n ﬁaﬁi’wmuiﬂﬂﬁ'ﬁ
Wae
- Jadendaus 1-5@ 5 anugdn 15ug
audRuAewiuIneg sl (Highly Positive),
Ly uan (Positive), nan9 (Neutral), au
(Negative) war auaeeda (Highly Negative))

N

lned pij wdinuaudane

i (2)
Zpij =1;dei=1{1,2,..n}
j=1
n m
S, - 3)
pij=n
i=17j=1

Efo Arusanauladedidnla As wduan (Positive),
a1 (Neutral) wag au (Negative)
W(P) Ao wninuasiuanutasiduvesusasauian

yngunmasnsaAIulaan

n

n n n n
Z Dia ’Z Diz2, Z Di3 ’Z Dia 'Z Pis ]
i=0 i=0 i=0 i=0 (4)

i=0

W(P) =

F(E) fie wvisndpuladuansamuinlann

F(E) = [Whighly positiver Wpositiver (5)
Wheutral» Wnegative» Whighly negative]

Taef w dwiinasuuuluustezausdniiauls
N8l E=Positive
W highly positive = 1
W positive = 0-75
W peutrat = 0.5
W negative = 0.25
W highly negative = O
N8l E=Neutral
W highly positive = O

W =05

positive
W peutral = 1
w negative — 0.5

W highly negative = 0

N6l E=Negative
W highly positive = 0
W positive = 0.25
W peutrat = 0.5
W negative = 075

1

w highly negative =

3.4.2 N15ATUIUATLUUAINUNANICHUTINTU

NNAUaTANYULIUAW

d
(6)
S(P,E)y= Y e

o

S(P,E) fia azuuu denagluraa [0, 1]

P Al LT3N YW1 M X N

p,; Ao@u1TNYDY P %nﬂummﬁwmﬂmmgﬂ i flay

Wudsean |
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- izilAsaus 1-nlawn ﬁaﬁi’wmugﬂﬁﬁ
Vianun

- jazdlendaus - m lng m AeswauUssian
Yo miiiemun

lne#l p,; wilnuaudfe

m @
Zpij =1;dhei=1{1,2,..n}
j=1

im=n )

n
i=1j=1

d fie SwnuuszanvesgUtaule uswoudy Tt
[1, m] Wuvniiussimesnmiidauuuaansasiune
fiamun 10 szian wag iaulaussianeeanin 2
Usziam Mduduiemvesnniiduuuannsaviuneld

AN d =2

e, AoAzLULYDILsarUTELAVITRIN wAaula Tyl k O
ARALE 1 B4 d @unsaAuaulaann

n n
1 1 1
;ZPU, ;ZPU< 1

— i=0 i=0

9

€k n
11 Z 1
& nlPi=g
i=0
343 MIAUIMATKINAINMNIzENdmTY
giaula
s= 1B (10)
n

BTk
S fie Azuuy fimeglua [0, 1]

'
[ a

(E) Ao Swaunmidl Ingiauls £ usingeglunm

q

v
o

n ABINUIUTUNLVINLUA

U

3.4.4 N1IATUIUATHUUAUNUIZEUTIY

L) (11)

Soverau =

.:4'
e
A a0 " 1
Soverat A8 AZUUUTIN TA9gluta [0, 1]
S fi Azuuw Hanegluaa [0, 1]

N ADITUIUATWUUNTNU LN IVUA

3.5 MFIATIZRUAZNISUEAINAYDITIUU

ieuansliifuindiiaseifiadreduaunsa
14lAase e?fﬁmeﬁﬁﬁqgﬂﬂiauﬁaadaumﬂizmuﬁ’u
Fld1u (User Interface) fiimundudas n1w1 Python
F2unU Flask web framework tiag Bootstrap Lae
SPUVANINIATIElAaRsULUURD MTIAT 1Al
f98A1 (Hashtag) Ul Instagram wag Flickr Lagnns
Tias1gv 1 unies TdnSna (Influencer) uu
Instagram A og199nlusiRlaginen15vinauss gﬂﬁ 2
RAN13Y1N9UY0955 U

[#Hashtag or User]

[Expected Preferences]

Image Scraping

Analysis Results

Combiner & Scoring

Analysis Report

JUN 2 fansvihanuvesseuy
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lagszuuaziiuannissuienveyadeaudn
(Input) Werumamiiudadluguil 3 fregreduse

Usgauiug ldou: mihdmsusudeyaiieniinis

a 4

Ansrenidalseneulumeansdude drnndhvuneidu

v

Ayildogen (Hashtag) n3eteUnydily (Username) 7
Watadiduaisnsug lnessuvaiunsasunuiaosn

(Hashtag) UaelawwaLATl Instagram way Flickr 1A ue

v a

AUl aranunsasula e LAY BN NALATY

v Y

Instagram 11U WPUNIABITLYIINIUAMNNALUYIAN

A ' o

ATILVIAY FIUNABINTUAD AIAIUAIANIILUATY

v
v

P99 veAgUNNIRBINT STl

- AnuFAndegUNMIReINTs

Y

o v

- ngidesnisliunnguusunw
- NUNAINABINNS
- UssgnAN Aeen1s (Anelunsenisuen

A01UN)

saunsruuTInIsanllnangunmaiganiele

v o

yilfouA (Hashtag) n32 YaUn¥eld (Username)

1Y

U9 lggnludifiino5on153LAT1EY U usUamN

Qe ﬁee

WnazsusuuuT e TiUsEne Ul e
1) fauvuTkunyUsgianainia s (Scene
Classification Model)
2) FUUUNIATIITUING (Object Detection)
3) MwuuIUNUIENANIANTUAN (Image
Sentiment Classification)
4) fuuuInunUssiananyuguan (Image
Style Classification)
Lazdsmanisyiueeun Ui unans
AAs1e uarAnAAsLuLALINTEY  Eouioan
swewsiummudielildnuliiiensdaduls
ﬁqgﬂﬁ 4 fegredusieyszanuiugldnu: mihuang
FINUATUATIEA (1) uay gﬂﬁ 5 §19819dI1UMD

Usganuiugldeu: niuandsgnunsiase (2)

SMH Analyzer

JUN 3 fegduseyusrauiugldau: wihdmiusu

L4

Toyarevinn1s ATy

Analysis Report on Flickr for #pet I

Image Demographic N
Images size Aspect Ratio

wiath Halght Count = Bspect Astia count "

102 (=) 2 - 102y 2 -

JUN 4 fegwdrusouszauiuglda: mihuans

IUNUNTIATIEA (1)

Image Categories
Sentiment Analysia Style Analysis
e <ot . siie count
w = ) =

<<<<<<

----I
»

Incissor/Gutdeor Analysis

i
#

A
w

JUN 5 e drusoUszanuiugldau: iihuang

Y

SIUNUNMTIATILA 2

4. Nan1INNaag

4.1 WavaInuwuulng

¢

TuauAdefdinsaseimuwuuLiieyinnisimsy

FJUNNTUARIRILUY F9T18axidnnNLug1 U897

v
v a

wuuLusl
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4.1.1 duuuduundssnnanuiingunwm
(Image Sentiment Classification)
maﬂuanmmLLaqu]’wawTame,ﬁanzLﬁuﬁwsqﬂ
Toyaaoufa 49.36% wildeUszidusieyndoya
NAdaUILA ANLUUEN 47.21% d1nsusieasiden
Asusiugiasemasindueglu msei 8
wiaglanzuuuanuuiug1agligainuanin
fiarsandn wdannuidnesndu 5 szaufe wiaved
84 (Highly Negative), wiau(Negative), na1a(Neutra),
wiuan (Positive) waz wivanegeds (Highly Positive)
anunsaasudusladaud 0 Aunundausgneba i
4 fiunuuduaned 1989 wnue AL BNIAY
MAE Lag MAPE agla 1.05 uay 49.98% A1ua16u
wansdsrfivuelaazianainlaendsUssunamia
avunaziilafansan AIMSE waz MSPE azls 2.68
way 147.35% fianunsavenlaaifivhunediaausig
NANFWUVLANAA LN UTeY Langlaiidiu
Falumsldsauuud L Uimﬁumagﬂmwe‘]’mﬂﬁmaﬁ

asvounuduasiwaziinundode

PRECISION 41% 41%
RECALL 43% 44%

F1-SCORE 40% 41%

SUPPORT 12,792 12,797

ACCURACY 43.50%

idesmnamitldlunsasushuuuiuiinrusina
dlosn ammiledu awnsafildvarssnvaslunils
ailauusiugwesiuuulaigedn uddofiansan
sedyaratznunmEIninludnuusa ez
waamnaziduiigaduamsudvusnidudnuasd
nauiu n1nes1Inisuszidudiwuuluglos vin
Uszianuesgunmimnuuriiue luanuiazdu
a9 3 suduusnves dndsluaamduaninssiuen
Snwarlsily agfodndnuuiunegn axld Araa
wiuggadunn tngldananunugi 68.83%
swazdonnuwiudiiaseunsindueglu msei

9

A9 9 ANTILARIAIAINUBLUENVDIALUUITLUN
UszinnanuairunmlagUseiliuainyadeyanageu

Ana1n anudiasduaududugean

MTNT 8 ANTIUERIANALLL LS TEITILUUS LN CLASS MACRO AVG WEIGHTED AVG
e - o PRECISION 70% 70%
‘LJixLﬂwmmgaﬂgﬂmwhwwLuumﬂmma;ﬂamaau RECALL 8% 9%
CLASS MACRO AVG WEIGHTED AVG F1-SCORE 68% 68%
PRECISION 27% 35% SUPPORT 12,792 12,797
RECALL 30% 47% ACCURACY 68.83%
F1-SCORE 24% 35%
SUPPORT 13,366 13,366

ACCURACY 47.21%

4.1.2 AauuuInunUsTIANaneurIUAIN
(Image Style Classification)
NavesmLIiuSvesFuUUloU s U ey
Toyaaoudo 49.16% wiiil oUsziflusieyndoya
NagaaUuILle ANNLNUGT 43.50% d1TUTI18aLdYn
Auulugidadesnasindusandumsad 9
Error! Reference source not found. %1514

LARIATAIULL UL VDA ILUUT I UNUTELANBN YUY

sunmlaeUseidiunnyadeyanadou

CLASS MACRO AVG WEIGHTED AVG

4.2 ASAIANYINTAUANYINITILATIZU NI UBNSWa

v

a 4

(Influencer) Tudawn3avedIRuni1sduInasiiin

Mvanzen

v
Y @ ! 14 =

ouanslAiuIiInseNas s WuaINn s
N153ATIEINEAaNTNa (Influencen TudeinIovne
dapumBumesilaivanzgatunadufihauedun

(Presenter) I Fslsvinisvaasmaaeumiiidnsnaly
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dainsevnedipuniedumesidaiiansantunisy

o w

Funuduiafaveiaimdndunssuaienlutagiu
Tunsditfagiinnesininiigmirulugadnd nstagram
199710619 7 518 GausTudl 01/01/2021 F Tuil
01/06/2021 lagdaaes1e erorbxx U@
weirthings 1Hudldialuituvevalinuesadl

v o A

msthamidladaueiatuludiyivemusuauunn
3n 5 Medumsidnuans Tnefthuansdifiauduveu
Tunistauaiiaues A 1uau 4 s18laun
joeybangkokboy, paloyh, apitsada 4 & ¢
toeyjarinporn tnednuilsse fie sirinissiin Allldiau
afinuesn eazidundue eatudyd Instagram 4

wandluas1e M19199 10

PITNT 10 MITNLENITI8AZLD8ATRIUYT Instagram

o
MY
Fogld Yssangld T Fruaug gy

Twgvimun  Besw dwriiesed
errorbxx il 1,215 1,204 54
weir_____ things il 2,941.00 4,624 397
Jjoeybangkokboy 5 1,626.00 128w 32
sirinissirin M3 997.00 1.6 81 146
paloyh 5 9,953.00 128w 761
apitsada 5 8,619.00  3.7a1 374
toeyjarinporn 5 8967.00  7.1@1 347

vindmunaudeansTy giazuiduduiaue
AuAn (Presenter) azdoll Aruidnsunimduuan,
dnwamegUnan (Style) sd uuuu Bright uae Noir,
anminadeudunuunanauds fuywdaietu ingi

v A <

dfgydie yarakavainuese wWelidduuusud gl

o

[ a

NARNENI5ILATITY #9m15197 12Error! Reference
source not found. KaNTIATIEARITNUMLIZATY

maduiiinawedudi (Presenter)

#151499 12Error! Reference source not found. na

nseseigldaumngalunisifudinauedud

(Presenter)
Foglld Azuuualy AzuULINg T
avwy  dne awlw oy aidie
dn oz uan a vain
joeybangkok 77.32 9.99 36.56 78.1 40.62 48.5
boy 2 2
sirinissirin 89.41 9.17 33.33 94.5 0 45.2
2 9
apitsada 87.33 10.96 2494 78.0 0.27 40.3
7 1
toeyjarinpor 84.62 8.35 30.17 79.8 2.59 41.1
n 3 1
paloyh 82.03 12.38 28.21 65.3 5.46 38.6
4 8

weir, thi 86.28 18.25 32.16 89.4 53.15 55.8

ngs 2 5
errorbxx 71.6 8.72 355 925 9.26 435
9 3

AT UITIIUI1 MIndeen1idonasdl
winganudufiiauedudn (Presenter) ifisseifes
1AM 51U WUI 1 joeybangkokboy L1 uﬂ{ﬁ
mmzamﬁqmLﬁaamﬂﬁﬂumumﬁmeﬁmuﬁaqﬁ‘qm

WAINRRISNLEDN 2 AU NISHINTUIADIUILN
azuuuingainueda Whufinsansiue Weswng
fazuuusmdududiuass fo siinissiin nudlsifisui
flavinuesaae  ewwinnisnAzuuuIIaIniaEEIY
ﬁaﬁ?umﬂc?faqmﬂﬁﬂiaqLwir;ﬁﬁi’mqﬁﬁmmimmmﬁw
Ifasmadudwiinlunslinzuuresingiudluges
msaunzkulls ursgslsinunisdnduladensd

Y

dvdna (nfluencen) Tudeirdotodnuenaazidoni
filinsasguiifainuesalulTdeinietodsnuves
nuld esanivanediuiianauuas Tuuiseds nsas
amadausn  o1sagiiliAnnsuaiiusanhfineas
sUnuufananegud uilunsaidnuildteulvnisnss
fupudesmsfissynandaldnadwslunuudangn
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Abstract

This paper is to present a heuristic for solving the capacitated vehicle routing problem (CVRP). We
apply the concept of Fisher and Jaikumar Algorithm (FJA) for solving CVRP in a case study. The objective of
this case is to minimize total distance traveled. A variant FJA consists of three steps. The first step is to
generate the seed vehicles. The second step is to formulate the Generalized Assignment Problem (GAP) to
allocate customers into each group. The Final step is to generate the transport route using Travelling
Salesman Problem Model (TSP model). The computational results showed that the proposed algorithm
provided effective solutions. The total distance is decreased from 1,093.4 kilometers to 766.15 kilometers

can be reduced to 29.93%.

Keywords: Fisher and Jaikumar algorithm, Vehicle routing problem, Generalized Assignment Problem,
Heuristic, Travelling Salesman Problem
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WIALAD3: dt, WUTEHENNITVUEAIINTA Seed

I lgegmagnan j; d WAUAIUADINITAUA A AL
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9nNfN; g, UWMUANARUBSIIUNLEAUA K; NV uny
S e idesnisly

Fauusiadulanvuluund: x; windv 1 drinns
Wun9an Seed i ludsgnan j; x; Wity 0 dlaidl
N154AUN1931N Seed i LUGanAI j; v, WU 161
grumvuzdul K gaimuelii Seed i ; v, WAy

0 themumvugAui Kk Lignimunalii Seed i

gunistdnung:
I J
Min.Z =3 > dt;x; (12)
i-1j=1
Ja31M9
Y=l ¥j=123..J (13)
i=1
Sy, <1 Vi=123..] (14)
k=1
I K
Z Z yik =nv (15)
i=1k=1
J K
Zdjxij Skzqkyik'Vi (16)
j=1 =1
X Vi €40,1) (17)

aunsi (12) Lﬂuauﬂwsi’mqﬂismﬁﬁaﬁw@u
szogmalagsiusingn aunnsil (13) gnAnusazseas
1§3UU3n1591n seed (Eunvue) o mdsduwindu
aunns? (14) A una Seed azfaeumivug k ¢
Wgant sduvindy auntsi (15) Auuasiuay

YIUNNUE 13831UU Seed N1HBINITANAT FUNISN

'
a v a

(16) NASINAIUABDINITAUAN Seed MUARDILBENTIT

v v
v a

ANNRUBIEUNUE TIRRASTIFUILS Seed Tiu auns
7 (17) Fuds X; WAT Y, usudsuuuluund
Tunoudl 2 af1suuuasineadnaans
YoUMNENUlY (Generalized Assignment Problem
model, GAP model) ttedangugnnliiueumivug
iz (Seed) InguuiAnYeINSIRaTIRNATAR UL
8z Seed fauansluguil 3 wazanansaatrsianuuma
adinmans GAP gnasatuifiofnassgnénlfusayngy

nefsuavideneail

JUN 3 nsdanguandlagly GAP model

aud: kidusund i devesenunivug k; j 1Ju

Auviavesgnm j=12,3,..,J

WITEABS: ¢ WILALYUUNINIINIA Seed k LUG1qn
anAn j; d, WNUANUABINTAUALAAYENAT j; oV,
WIUAINUBILUNIULAUN K

o

daudsdndulanvuluuni: y, widu 1 dsoduin K

gnivuAliAuINNTgNA j ; y, Wiy 1 deumviugdu

Y

&

'
a

7 k ldgnamualiuinisgnan j; z, windu 1 an
grunivugAud k gnlduinig z, v 0 61

gnunmueAun k lignlduinig

dunsidnviune:
A K J
Min.Z = > 3 ¢,y (18)
k=1 j=1

JaNA

K

Y Yy =1, vj=123..] (19)
k=1

4 2 Yy, VK, V] (20)
J

_Zldjykj <0z, Vk (21)
=

Vi & € {0'1} (22)

aun1sil (18) uaunisingusvasdiiiodunu

1% '

unsnlagsausgn aunisil (19) gnénusiazseasléisy
uimsrneummusismisiumindy aunsi (20)
YIUNINUL K aﬂﬁﬁmsqﬂﬁwié’ﬁﬁialﬁamuwmuz k
Igignumarldudaintu aunsil 21) uiazeumme &
awvusTnaudlaliiAuauguesisiues aunsi (22)

fus y, war z, Wusuusuuuluund
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3.3.1 NMSAMUIUAUNULNTA (Insertion Cost)

NISAIUAUNUUNTN Aauansluguil 4 uazaunisn 23

6 [
[mmi]@

Depot

JUT 4 wnAnnisAiuauuume (c,)
¢ = dty +dt;, —dty, (23)

le c; FRAUNNUNSIN, dt; ABTEEYNI99IN seed LU
QnAn j, dt, Aeszeznaingnd j lUgs depot uag
dt,, A9sz8zN1997n depot T seed

Tuneud 3 Tadrdunisudsdudlusagngu
Tuunenaifagld TSP model [21] Tnsuuwifnves TSP

WanagagUN 5

® o o o
® o ® ®
® o
- ®
Depot )
v | o
o o
X )
® o o
® o @

o w !

Uit 5 Saandunsuudslagld TSP Model

@aN

FUSUAIUU TSP @1U150A UM LA LUITIUNTTH
7l [21] antuiiswuuiudeunarlseuiananie

faNFLIS Lingo

4. nsuszenaldiunsalfnen

£% =

nan1sEneleansesdeuisidelunsatazidu

o a

nstdnaveideddgidenndesiuingUszasd lned

o

SNayLDYneILl

4.1 wan1snusIusIndeyavesuiennsdifnu

[

{33ulevinnnsdisiadeyaditi sadeslaonis
duarwalidnvesaniulsznaunis 1 au uagninay
Fadedudndiuau 3 au TeyaiiAvadudos wwu (1)
sefouazdrurugnifivudslundas fu (2) Uuw
Audniidaieluusiaziu (3) Swnunarauguessn (@)
unslunsidusalunsazfunsiivsiusudeyaly
adsifuntafudoyalutag Weusuneu 2562 $1uau
3 Yusioiilos nduthdeyalifsatestmumnunatng

WINSNTTTEEN9bUY Excel Aanandlun1ANLIn

4.2 walaagveedsaanviwasuaulaquisdiniu
UsymuasuFennsalfnen

§23adnfvivesuoulanuriluiaden 3.3
ansaihulglunisuinanasyestyninisinlduni
msvuaslunsas ulaRed

Fr0819n15M 1w Tu 1 Suandunoud 1
densumisiinsweserunue (Seed) lngldaunisii
(11) §4016) Tnouuadoyadsd 1. a$rauning
szogn1e danandlunised 1 Jeiidoya dt, d, cv,
wag nv laea1uwum nv = 3 AU Lag cv,=600 Nlansy,
cv, =600 Alandu uaz cv; =600 Alandy ndaantuld
Bondws Lingo lun1suszanana denaiaasainnig
Aunnladundswes seed 7 C5, C6 waz C12 (WJu
Fumiai s svosenunmusAuR 1 Auil 2 wavdud 3
prudiy) anduduamadunuusnlagldannisd
(23)Taemaee 19n15A U M LAR IR

C, zd'[Slol +dts1q —dt 39.6 + 11.1 - 21.1 = 29.6

50 =
AUTLALBLARUULNTNIULAASLUANTIIN 2

A1TNN 2 UARINANTITATLIUFUYULNTA

AUNUUNIN C5 (Sy) C6 (S,) C12 (S3)
C1 29.6 45.6 37.7
Cc2 43.9 64 71.1
c3 42 62.1 66.5
c4 62.3 52 82.9
c5 37.4 62.4 65.8
cé6 67.2 54.4 88.1
c7 64.6 60.9 89.6
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él'uvgw,msn C5(Sy) C6 (Sy) C12 (Sy) 30?3114"71 3 R3: D-C11-C10-C12-C9-C8-C6-C1-D
c8 63.3 88.6 91.6 69.8+1.9+1.7+0.8+0.35+0.65+54.9+39.6
c9 68.1 93.5 96.5 =169.70 Alawns
C10 75.3 84.6 69.2 Sre¥N19 | 451.60 Alawns
c11 76.6 88.9 55.9 g}t
c12 78.6 89.6 55.6 Sufi 3 Wuniensvuds Rlawng)
C13 79 96.5 49 s 1 R1: D-C5-C2-C8-C11-C9-C10-C16-C17-D
cla 92.6 114.4 62.6 1.2+1+11.8+16.8+8.2+3.8+6.4+3.4+1.9
15 83 1005 536 = 54.50 Alawns
C16 25.1 46.9 19.4 S0AUT 2 R2: D-C15-C3-C12-C4-C7-C18-D
4+2.8+0.35+0.15+0.19+0.13+1
o y v v o w = = 8.62 Alanag
‘viaqmﬂlmmi’mmnuLLanLmuwagamm‘lﬁ,a ,
o - . o saAun 3 R3: D-C6-C14-C13-C20-C1-C21-C19-D
Tusuuuneamina1ans GAP Model Aauansluaunis
o - . N > 1.5+0.35+0.9+0.5+0.95+0.7+0.28+1.7
N (18) 919 (22) aﬂmmamiamﬂquqﬂmmu seed 1 - 6.88 Alawms
ﬂizﬂ@ﬂ@ﬁﬂ@ﬂﬂﬁ C2,(C3,Ch, €8, C9,Cl16 seed 2 syguNag | 70.00 Alawns
Usgnaumlegnai Cl, C4, C6, C7 uay seed 3 52
Usgnauseana C10, C11, C12, C13, C14, C15 swszesRusats 3 Yu fsvezmadaesa 766.15 Alawns
Y

nFsnnsdanguliiusias seed i nituth
Toyavasusavnguluindsiunisuuddagldduuunisg
AlAFNENS TSP Model lngs1eagidunn1sAIuInYes
fufl 2 uariuil 3 1T unouiAeadudutud 1 Faldua

ANFIPLEUNIINITVUAIAIAIT9N 3

A15197 3 HanTsIALEUNIenIsvudlaelgoanas iy

Hugesuaudlanus
Suit 1 wWumsnisouds Rlawns)
sadul 1 R1: D-C2-C3-C5-C8-C9-C16-D
18.2+0.35+3.2+14.6+5.1437.8+27.6
= 106.85 Alawns
safufl 2 | R2: D-C4-C6-C7-C1-D
19.4+8.7+8.9+16.8+18.5=68.30 Alaluns
soduil 3 R3: D-C14-C15-C13-C12-C11-C10-D
19.8+15.6+1.6+6.8+1.3+16.9+7.4
= 69.40 Alaluns
sEEEIA 244.55 Alalns
U
Suft 2 wWumeansvuds @lawns)
0FUll 1 | R1: D-C3-C2-C5-Ca-D
59.9+1.8+3.8+0.5+58.8 =124.30 Alaluns
il 2 R2: D-C15-C7-C14-C13-D
73.945.6+3.2+4+70.9=157.60 Alatuns

4.3 MaUieuiisudanasiiuivvasuazlaguns
HaNI5UTULTgURANTITIALEUNISUES 3 35

U52NaURIY LUUTIaRIneAdinmans sanasnuily

woshaunlanus uazUszaunisalvesrudu duansly

AT 4 UazgUR 6

AN5197 4 WU g udun19aNISYUdIna 3 35

KUUYIADINN Sanasiu Usgaunisad
Yuil | edemans | Tuwesueudlen | vesaudy
Aawns) 113 (Alalums) GIGIE)
1 242.45% 244.55 362.9
2 451.65* 451.60 601.7
3 69.51* 70.00 128.8
374 763.61 766.15 1,093.40

* anlunsuszanananie Lingo windu 48 4alug
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uanInnaFouiisuizusnansvuds 3 g\luw

oLy
65165 @16
29
T 20245 20855 == = = =
1288
- = i
1 2

3

g

Tzuewie (o)
8@ & 8 8 8

g

Huihhnrmanns

Huvudmommndamind BTN Tuvoduoudlamnd B dwaunmaivomuiy

JUN 6 1WSsuifleuszaenanisuudea 3 35
NANISTALAUNIVRITUN 1 AI88anasS Ny

woswounlanuns wazUsvaunisalvesaudy degui 7

wazgUN 8 muadu

JUN 7 fegnadunieiud 1 fmedanasiiniivivesuoun

laguns

AN5TALE UN1INISVUA VR TUT 1 Laeld

danesniuiuesoulanus

JUN 8 fegadumeiun 1 medszaunsaivesaudu

ANSTALAUNIINSVUFIVITUR 1 laeld

Usraunnsalveanudu

5. agUnauazdalauauue

1nn1sneasslayn CVRP wuinnsldvensinas
Lingo lonawaasfan wildialunmsussaanayssanm
a8 $7lus Fslianunsalddmiumsnaunudaduna

a UQ‘/LSJ v 1

nsvuadlun Ui uals sznisdndsduanduiuy

v
a v

Sumdsdonuvdctuidosldsuaudlutunged fadu
Tuneuuanisusegndlddanesiiuilvveiwoudlan
WsFainnumnzauninisudunseiigeddinanuly
nsUszanana Tnsnadnsildainsanesiiufivuaue
A1115080TY8ENI9VUETAEIIL 9INLA U 19
Usgaunsalaudusa 1,093.40 Alalins anadtniie
766.15 Alawuns Andu 29.93% Fawan1sindumenis
guds fall Juft 1 szeznnamsvudalaesan iy
244.55 Alawwns ; Judl 2 : szezv1ensvuddagsau
Wiy 451,60 Alaluns : Juil 3 : Szogn1enIsvuds
Tagsu Wiy 70.00 Alalums
IINHaNITITENUINSanesiuivgesuaunlan
un§iinaueduszansnings egnslsfnulusuinn
amWiaﬁwé”aﬂa%ﬁmﬁlﬂgimwmﬁ"mﬁu%%mi% LYy
GA, SA uag amsaumAImaulamei (Local Search)
wieliaunnesiaouiitu vioBnuumamisions

o o

ihoanesfiundnauelUldlunsdldnwdu 9

6. inANIIUUTENA
NMITeRlATun1saduanuIInunIINe de
NuWAUS wazvaveuAmanIuUTENBUNSTaYA uay

gavinedndveveunug nsInan AN idelauauuy
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Abstract

This research aims to develop a two-echelon inventory model under uncertain demand and to
compare three meta heuristic method such as a Dragonfly Algorithm (DA), Particle Swarm Optimization
(PSO) and Bat Algorithm (BA). Two products with equal and unequal demand are studied in various
parameters such as iteration, the number of products in each package, purchasing price per unit, backorder
cost per unit, shortage cost for each unit that is lost sale, constant cost per order, buyer’s constant product
cost for each setup, vendor’s holding cost per unit time per unit and buyer’s holding cost per unit time
per unit parameters. Minimum total inventory costs are investigated. The results showed that the DA
method approach to the optimal solution when the iterations are greater than or equal to 50, while the
PSO method approach to the optimal solution when the iterations are greater than 500. The BA method is

inferior answers in all cases.
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Application of Analytical Hierarchy Process to New Office Location Selection:

A Case Study of Maintenance Service Company for Petrochemical Industry
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Abstract

The purpose of this research is to study and prioritize factors affecting the selection of location of
ABC's new office in Rayong Province by applying Analytical Hierarchy Process (AHP). The factors which affect
to the decision making which can be divided into 5 main factors which are 1) utility factors 2) transport
factors 3) customer factors 4) employee factors 5) community factors and 15 secondary factors. The data
is then obtained to create the model to compare the priorities of primary and secondary factors affecting
decision-making. When different factors are compared with the alternative location, the decision-making
approach for the location of the new factory office is the most suitable. The weight analysis of the main
factors showed that customer factor was the most important (40%), followed by the environmental factor
(26%), utilities factor (18%), the land factor (10%), whereas the least significant factor is transportation factors
(6%). By the way another top five most important for the secondary factors were: number of customers in
the area (25.60%), followed by customer response factor (14.40%), flood risk factor (9.10%), community
attitude factor (8.64%), utilities factor (7.92). %) respectively. The most suitable alternative location is Map
Ta Phut Industrial Estate (45.40%), followed by Asia Industrial Estate, Rayong (31.48%), and lastly, WHA
Eastern Industrial Estate (Map Ta Phut) (23.12%), respectively.

Keywords: location selection, analytical hierarchy process, decision making

* Corresponding author. E-mail: saowanit.le@go.buu.ac.th
1 Master’s student in Department of Logistics and Supply Chain Management, Faculty of Logistics, Burapha University
2 Lecturer in Department of Logistics and Supply Chain Management, Faculty of Logistics, Burapha University

@®:



Thai Journal of Operations Research: TJOR Vol 10 No 1 (January - June 2022)

1. umin

fuanlasamstaui uivsasel mea
nzfueeniimmuanvansiauidminsseeaiu
gudnansasasauinl I muaiufiuinauun
W LHuiissesdaugaamnssy dvindedndnvuds
Fudn 1iufl dsvesgnavnssudidy nvadagn
Avualiiduieed wadunisauaindidnau
ANENTIUNTANETUNTAMUdmHA TRz aaiinTg
A ULAZNTNAUIAUAAINNTIUDENTIANGT UTEM
ﬂiﬂjﬂdﬂmégwq'sluﬁyuﬁ'm"wamumvm gLnaLilieq
Janinseead WUIN1sUImNTskasuYau Uiy
naugNAIULALEAAIMNTTULIUAINA AILANYULNIT
Usgnaugsiaidunuuinsiliuisndnngda
winauRnTu LN munnsveIsgIAavesngy
anfesuisn wiillosndiufivesuidvlutagoud
yumdnuazduuay Tuannsnvenediuiiiesessy
Fuuminnuiiasdeadinduld Heludiuvesenas
drtfnau fiufivensneud uazssuuassyUlnam q
ylsidesmiiiafisedinanulssnuwidulifesesiy
wifnaud o wd unazdremineiuuisdulley i
annuusidlndifioananuuedaluiuiiduuadling
it ui i duluaumnsguanudasnde Tuns
Anrsundonyiiaiissddneulssuuidlallde
wadanisandulauvunarenaninue (Multiple
Criteria Decision Making) 1114 1iiesarnnisideniiua
figadunsiadulaszeven wazdanani1suuneau
vosuitnluszoynansuaysvezdu Sesndudessnw
17 grvgvatevinud evaelunisdadulalunig

WisuguanudAgyesladednuuninnsdadendn

'
=

wardadegas YaNTTUIUNITILATILTIGIAUTY Y30

P

AHP Wumadanfianumsnzadlunisuianldinseidu
miﬁmaﬂwaﬁﬁé’”ﬂﬁuiwmaﬂuLLaﬂﬁ’fmimmdN
5’1‘1/1ﬁﬂLLUUL‘lJ§8ULﬁUULﬂu@jiumﬁLﬂuaLLu’Wﬁﬂumi
fndula wazarunsalvlanuinueiiBauSununazids
AN lnedadendndsenausae 5 Yadu lawn Jade
Fuiiau dadeduarundonvesiud dadedugnin

Ja78n1un15ANUIAN karUaTuR1ud WIna N dIu

Jadggaeiaiuiu 15 Jade warunudSeusiieoum

anuaNdAgLiNemUadeniavsnasonisdndulaly

A v
o

AsEenYanee nuL IS sULgUAUTTLa A

(% =

mudenaulanaioniianan nadnsflaaziianiiy

ndefie mszligvuuunsdndulaiiduadudunau

wazduseansnin

2. NANNITUALNG S
anusudulumadenyiadig usnaINgIAaT
Sudszneviamsinluda n1seensianisiaenisae
A sty aniivsznevianslutiagtuiiidediven
Auly venglalld viefnsdsuudamesinunisnann
3o duyulunsuszneuianisluaniuiitdagiudiege
Susvseunsnindleisutvaniuiisuiivraulavie
wiusm$wennsluaanuiiuszneufansludegiununas
vlFnsidenyiafinaiaudfyetrannnssdu
nsunuIzezeny winfidelinnainasiduniseinse
nsuily dndenviadislalduusaenaneliin
nadesensiilueu snvasiiadisdaeillenaes
Lifivialaviiandafindvihadu q egrelanauiuld
o wiivinanans 9 iafiseusuls Faths vianeeeAng
Fdladlemmuanisideniialalasianis waagnvia
wane 9 vafivanzamdiediawidenuazndnidsnis
denvinafionaneliAatymilueunaali]
nsidenviiadiseiufimsiansandadenans
Hadeuszneviuannningaduundadoiien Jadeiia
TRasanasifuiladediinansenudenisaniuay
3319 19U uiufanisadadudtudueueud as
vviafieglndlssnundnsasud 1udy Jadedlily
nadenviiading annsauvadudadodenanindly
anafneenuitugUresUssananluduanldogsdniay
wiN8nSnang19d1Agy wWu gnAn LdumIANwIAY
WA ILTINUY TAUATVBIYUTY UTNITA51T0NY

v 1

= v <, v a a8 |a '

Aawndeu Wudy diudadefinsanludalnm wu

sunuieafiumfnu n1sneasne wssu Wusul2)
YadedugnAndudnuilaladeiansanden

YMLANHY LWULALINUIILITUL DILUINNINISLADNYINE




Thai Journal of Operations Research: TJOR Vol 10 No 1 (January - June 2022)

NHEIVDIAUINITAIUNATINAUAT HAN1TITBNUT

sadulalimudidgysotadedudnvuzniu Jady

1%

gnal Jaduauguatu Jadesiunisauuiny

Dp e

Uadaaunguunsnaztevsnu wazladesulonialy
msiulaveadiodudduinn vaeiitededunisuuds
wazA1UN1IIEAHATAINagludAUUILNGNY kAL
Ja98a 1 UUNa UITIIURaTUNA TR A ud a6y
anuddites[3] waseuidesesladeiidwane
nsvvaumsinaulslunmsdenriiaiise s¥umeuia
10633 AHP man1338emudn Andmnaud v
Hadevdn Sesdsuanunltion fil fusieaziden
Y93a01UUTENBUNT (0.409) FAMULMATIAGFU (0.340)
suumasgadn (0.211) uardIudssIuIBALazAIN
(0.132)[4]
Jadudrunisauuianundudnnd aade
fsandeniiaiing Wy middensdenriiaiinaes
viEnvIsezlnasasudlngds AHP: US¥n ABC 911
NAN1TIVENUIN ﬂ'wﬁmﬁﬂmmﬁwﬁ’zymaqﬂﬁwé’ﬂiu
miLﬁamﬁwLaﬁﬁgﬂé’fﬁmﬁfﬂmmﬁﬁmSmé’ﬁummﬂﬂ
TUifon dail Tassadrefugiu 0257 nsauds 0.251
AuNY 0211 N15uY U 0.148 wazaluUaonde
0.133[5] warauideiseadadeiidnadonsdenyiua
Vf@?amummFmLﬁumaaé’ﬂwﬂaumiqmamﬂﬁums
HARUUIANANUAWIAUBIATY HAN1TITENUIN NG
Fredsdlngideauonuslunsidonsinadisean
ANNUINFBUNNNIEAIN 18U TnHUsEmARATUNIIAY

PeuAUgUUlYe Fegar 68 Ldanvanndlaggan

v
1%

auazmnlunsuds Sovay 66.50 WWeniiaiisdlng
uwvasih $avag 5025 WEonyiuaiinsmuuasingiu
ouay 49.50 1donvinlafineniuusiny Yosay 24.50
AUAIRUL6]

Yavusuusnisansisay Hudnuidduilade
forsandenyiaiae wu nuisedeedeildlunns
TNUHUBIANITTINIOFIMTUNTNEA1uNISITONYING
fidanyuinassgalminanisidonuin Jadoudni
Qﬂizﬂaumﬂi’ﬂuﬂmﬁaﬂﬁﬂLal,ﬁamiﬂ“@umimqmi
yythudnassiitadens 6 Fu Bosdriununnudidy

Ao Uad8n15i0109d@981ui8ANaE AN 31% Uadanns

Wiensiiunie 28% YJasunisididaniuiivhey
20% e uwNUALazo1uy1nIsy 14% U998
wHuRIWITeY 5% Uadenigilemans 29%[7]
Yades1ud wwandon 1Judadei arsvdiun
forsanlunudss wu masenmsdeniineedaisiuly

Usewmelnglagl93eadududanseinansisonuin
Andminvestladuissdduanuanlutesdsl Ay
n¥euvesszuuas sUlan 0.27 Auvanzauiy
& uandeu 0.176 AnuazadnlunIsvuds 0.168 A1
AeadrevisuiTudiusotdadaunsiy 0.160 A2y
Uaamﬁamﬂﬂmmﬁéwmu 0.117 anuausalunis

YengNuNAaIUNT 0.107[8]

M1319% 1 asudadevean Jadudesuazionansonedan

et
LONENT Uadendn J238504
£1999

3] | fisu s1Tinu

3 | finu YunaTiAu

31 | #ifu JUTNAY

8] | Aundevvesiud ViFuARvD YLy

5] | mumdonvesiiudt | Usnsansisae

5] | Aundenvesiud szuvanssUlan

[4 | anf Srurugnénludiud

[4] | gnf N13MBUANDINED
ane

[5] | AMsANUIAL AUNUNITVUEN

6] | AMsANUIAL AUUNING

(6] ATANUIAL Wunalavane
LEUNS

8] | Awindou NANIYNUABDNNT
doyasluguu

8] | Awindou wanzHuLasidy

8] | Awndeu \Aossionsiinii
YU

8] | Awndeu Fesroansaiislua




Thai Journal of Operations Research: TJOR Vol 10 No 1 (January - June 2022)

3. A9adun157I8
3.1 nsediefildlunuise

v v
o

ns3deAssilifiuniusdeyadisuuudauniy
wansdunuaisuiulaglinguiegadudldnzuuu
AIUAULDINSDUAUNITHUN WL UUNT IR DU Taaisy

ivdoyadauaiuil 1 - 15 nsngnau 2564 wuugeuay

D

AlFlaAnuvdadoanienars unay wazauide
\Reatioso] lunisidenshuaiina uazthiladediieades
usegndldvililadadendnuariladedosdsd fidu
(srAfifu vediau gus1eia) AN oNYD i U
(MAUARYDIYUTY UINTaNsITRNE Sruvassallng)
ane (ﬁi’wmuqﬂﬁﬂuﬁuﬁ N13MBUAUDIFDYNAT) 1T
ANUIAY (AUUNITUUES auunIIe unelanany
Funne) Aaandon Wansznudenisdgasluguwy

wan1Eukaride ldeeian1siinuIviie (d s
a19.a5i37lna) ludiuvesiafinwmiauden viyndl
wleurgdasmsliiandvisvideglndfiuiiunauay
- 4 a v o a <
wialinisusmsnuuazdunulunisaniunuiuly
pg19lUsEANTAMIINTIgR wuluiuniseuteliday
gRaNvNIsuTey 3 winiewIsuiieuiu Ae day
PRAMNTINUIUAMNA TANAaIMNTIN WHA nzusan
(H1unme) daugnaivnssuieidy seeed 3nUuwn
' 1< v
S0 dukUUADUNIN AHP UagnAdaURUUARUDINAIY
NM5IAANUTNBNTIRINFTLINYIIWIY 3 v fudlan
Audenndas (100) AiladiAuinni 0.5 Fuduand
gousuld anunsagrenaisldaininendinusaduiu v

Tilduuvasuanuiauysal
3.2 MynTeideya

nsAndengudieg 9 ldIsnsAndenwuy
lan12ia199%3 0 Purposive Selection Lt alwldna
Frog 971 TENuILIaNIZI9E A IVENNNTVBUNANA
Tnglidanuaonnaosnutyniniside[10] wazA1nun
YUPIBINGLIIBENIEEN AT IR Taro Yamane
seRunadesiu 95% auaaiaiadeuliiiiu 5% 370

Usmsndonualunisdnduladenyinanae anuiu 7

e

WU Usgnaunde {Ian1siieiiuyseAninassans

H3nn1sieuURn1slasTens §3nn1siienistiuuas
Toyd dnnsineuImsanudam §iansdiunagns

3 v

LAZUINITNANITOIANT K

U

doansnnanual waggIansdruiiuysyansaim A

IANSAIUUSUITDIANTUAY

Uapniy o1taudsuazddinaoy

Iﬂamsl,muqmﬁmmﬁaﬁ
n = __ 7 1)
1+7(0.05)?
vililsnguiiogradiuiu 7 viuiteiiudeya
FewuudeUn Nadildhudnsganimindis
ANUdAvaIlaTEnan ﬁﬂﬁmﬁﬂéﬂﬁummﬁwﬁmm

YadbgosuazaduanudiAyresianamiuden

3.3 nszUAUNMSEUT WA (Analysis
Hierarchy Process: AHP)

AHP WWunszuiunistaslunisdndula deende
wanmMsvesnsindulawuunsnae gnitluussenald
Tunaeguuuy Tnsaniznisirluldlunisidensina
fiss Qausuiddyresnszuaunis AHP11] Ae Wuns
wWisuiisuiladunisdnauladiazg eanauduau
VBIHABURUUADUNY Waziln1IMII9deUAINUADA
Ad0IvBIlRYanaaANITIATIEY Uaaiuaiuiannain
waveamsindulasglusudwunruddyy fMasaiied
LﬂuLquqﬁizﬁu%udmsiamﬂ%’uasmsﬁwmmL%ﬂ,ﬂ
waznadws A i duusuaaiiay Tunouresis
nsruaunsTnseidediduty Usenausae n1s
muualszrulgnn nsdunsieiesrlsznouaes
Yy msiasassuiisuseauauddguuudu
A ﬂ"’]mmmmmquﬂ’ﬂmmeﬁﬁﬁy Pnadeni
muuanUSouisuuiadedldlunisdndulafiay
a8y FadpsrmuaiadoveathmnedisosnisAnuli
ogfludnunsdudsuty dnluseduiisamnosiu
Hadudesmudviuauimadendadussiumanvos
nMssndiutunsleseiarldndnnisdieudieudy
Aot aTedan13197 2 §saanudidylunis
Wisuifisuudasnfudaavszning 1 5 9 Tnedl a,
Ao audnluwan?l 1 wdnTl j veaussnd el nans

wWiguiguanudAyseninelade A uaz A Mvue




Thai Journal of Operations Research: TJOR Vol 10 No 1 (January - June 2022)

wasadlumsidesoiussudiousas 1 89 9 fuens
wadenlunisnd 3 wdsanmsiunanmsiSeuiiou
Tunsiageua SefuamtminveaLsatnasiaonin
Jusan ieuandliifudsnnudifyvosusazinas
9819 ALAU[12]

M99 2 wmsndSeufisussauanudidguuuidua

U

Uadunns Uady
dndula | AL | A2 | A3 | A4 | A5
Al an aiz ais dig ais
AZ | apy dz dzs a dzs
Uade | A3 | ay as, as; as ass
Ad | ag daz dg3 daq dgs
A5 | as sy as3 asq ass

31971 3 anumnevean1siSeuiisudused13]

LU AUVINY AND5UE
AUEAY
1 dAguiniu | Msaestaded
AUERYWINAU
3 dngannnit | welalutadenis
& v | a o =
Lantiog 1nnnaniadenil
13 1%
Lantiog
5 ddguinni | welalutladonils
U1unan 1nnIBntadenils
Junang
o w < Yo 1 o s
7 dnganndn | wiuladaintadends
ADULINUIN fAudAguINn
dnladenils
9 dfgunndn | dndngugudu
g9gn FoauirUadeniad
ANEIAYLINAT
nlladenils
2,4,6,8 | AnanesEndng | 3EndMAssEning
AULTNTY STAUAINAIATY DS
JEHU

4. HAN13IY
4.1 areuanuddgyvasdadenan

e deyaiildanuuuasuaiuaniinsziuay
Uszanananud unouvesds AHP Usznauldae 1
zuuuSouiiouusiazguesiladeondn Aadening
mMaSsuifisuusazguostiadenan Liesndeyailsd
Arf uana1stunnuafianlaiuing 1433 Geometric
Mean anuun3ng A Tneananisnislunisedt 2 vl
IananshnszinisTvaduanudfyvestladeiina

foNTStaaNILaNAIE TN UL ULl fan15199 4

AN5197 4 HANSIATITIUNUTINYRIUaTeVaN

Yadendn W3NG A

L U C T E
L 1 046 | 0.23 | 271 | 0.26
U 2.17 1 0.38 | 3.77 | 0.62
C 4.35 | 2.63 1 525 | 1.95
T 0.37 | 0.27 | 0.19 1 0.24
E 385 | 161 | 051 | 417 1
BT 11.74| 597 | 231 | 169 | 4.07

Tnefl L fe finu

U Ao Arundenitui

C fio gnen

T fig N1SANUIAL

E Ao Aandeu

91nuriinis Normalization @ 1 unisu%u
naTvesazAedullFvANY 1 iWouSuaazuuuly
Jusasgrudieadtu Wil 9anAULANGAYBILE TR
WAZYIIAIAZUUY WEINIARE BUA AT LT 091A
vt el lddrduanuddalunsarYade au

A15199 5




Thai Journal of Operations Research: TJOR Vol 10 No 1 (January - June 2022)

A1519% 5 Normalization wag A1UIMTnvastadenan

Jade W3NG A T w
win L U @ T E

L 0.09 0.08 0.10 0.16 0.06 0.49 0.10
U 0.18 0.17 0.16 0.22 0.15 0.88 0.18
C 0.37 0.44 0.43 0.31 0.48 2.02 0.40
T 0.03 0.05 0.08 0.06 0.06 0.28 0.06
E 0.33 0.27 0.22 0.25 0.25 1.32 0.26
37U 1 1 1 1 1 1

dislaanumdnvestadendnudainnisnsiaaey
A1IANABAARBIYDIUBYA (Consistency Ratio: CR) AN
CR 9zdvaiialaiiiu 0.1 fevzeglunueiiseusuls f

A1 CR 4Am1nN91 0.1 uansintoyanzuuunud1fiy
fldanmsiuieuiisureaduglifinuaenndoiu
AzdesusuniaziuunudAylunsiussuisuves

Juglnineungdnseiluddududnly

lAgNSUNUgASAUINAT

CR = 0.03 )

A1 CR Ailavinriu 0.03 aglunusinveusuls 3
asuran1sesdmuanudAyresladendnaanism

6

PIINT 6 anruAMNdIRYvesaTaunan

Uadenan Anhwtin (%) | A1 CR
anA (O) 40
Aauandou (E) 26
aumdauiiud (U) 18 0.03
fifu (L) 10
AsANuA (1) 6

4.2 areuaNudAyvasladegen
wdandildaniminuetladondnuda Al

funamAnmnuesiaded s anunuaznsavEey

Anuaanadastastaya deagulddsd dhndnues

Jadugesluladenanaiuiau Usenaunle s1aRu

(4.0%) YunTiAY (4.80%) SUS1ARAY (0.80%) A1 CR
windy 0 dndnvesdadegesluiiadendndiuaa
w¥ouvosiiuil Usznaudae AUARYDIYNYU (8.64%)
UIMsansnsay (1.44%) ssuuansisadlan (7.92%) e
CR Wiy 0 thviinvasiladegeslutladevdndugnén
Usenaude Srurugndluiiul (25.60%) n1snovaues

' v

foanAn (14.40%) A1 CR AU 0 drtinuestadeese

U

AUNITANUIAY UTENBUAIE AUNUNITVUET (3.54%)

AUUNIN9 (0.90%) LA UNIlARAI8LEUNI (1.56%) AN
CR WA 0 Wmiinwestasegesluladeondndu
dawandon Usznause wansenusiensdayasluguy
(6.24%) uan1IzHuLAzIALS (6.24%) dewiomaifnih
Viau (9.10%) L& ve oansuail$alna (4.42%) A1 CR

v
o

Wiy 0.01 Sesdrruanuddvealadudesnaunle

)

o -
PNFNTNN 7

PIINT 7 anfuanudIAyrestadugoianie

Gyl Amimin

y Uadueing

9 (%)
1| dunugndluiiu 25.60
2 | mIneuauewiognm 14.40
3 | dowionsimini 9.10
4 | YiruaRveIyuTU 8.64
5 | ssuvansisallng 7.92
6 | nansznusonsdyshuyLy 6.24
7| wanzdukesides 6.24
8 | vunfinu 4.80
9 | deweansiaiisilva 4.42
10 | seiifu 4.40
11 | AUUAITYUES 3.54
12| wunelanaeidung 1.56
13 | USN9ansIsale 1.44
14 | auunIi 0.90
15 | gUsedidu 0.80




Thai Journal of Operations Research: TJOR Vol 10 No 1 (January - June 2022)

A

4.3 S10UANUEIAYVBWINATIAMINLEIN

ASAATIEANARE AHP wialrladinuuaaing
ARa19aen lngn1suIAIumEnvestateuankazaAn

v '

YIAUNVDIVNANHINIARDNANIAIUIN ANUANTIT 8

A15199 8 Unminvesladenanwazaruivinvestade

PANVDWILANAIMILEDN

vt vhmihvesinaiisemaden
V99 Ay Ay I
Uady | geamnssy | amamnssy | anamnssy
nan VAR WHA EIE | 1a1Tesee09
0.10 0.19 0.20 0.61
0.18 0.62 0.27 0.11
0.40 0.69 0.24 0.07
0.06 0.27 0.20 0.53
0.26 0.12 0.21 0.67

miﬁwmmmﬁ'}Laﬁ&gﬁmmsamﬁqm 1435 Weighted
Sum of Score AEAITNIHATINVDIHAAUTENT19AN
hwinfunsiuuvesasyaTisaden il
UANEAAMNTTUUIUAMNA = [(0.10x0.19)+(0.18x0.62)+
(0.40x0.69)+(0.06x0.27)+(0.26x0.12)]

UANgnaNTIH WHA EIE = [(0.10x0.20)+(0.18x0.27)+
(0.40x0.24)+(0.06x0.20)+(0.26x0.21)]
UANgnaInnNIsuLotdesseas = [(0.10x0.61)+
(0.18x0.11)+(0.40x0.07)+(0.06x0.53)+(0.26x0.67)
wadnsTilanudn daugaamnssuuuamals 0.4540
Augnannssy WHA EIE 1a 0.2312 laugnainnssy
woilgszeadld 0.3148 villinsuiimadeniifisedu
AzuULINNTIgR Ao TaNgnamnssuNUmma 91ndad
FugniuazanundouvasiuivissuuaisnsyUlng
warlassadeitugiuiiinnndy

o

asuanNIsIAsIeiteyaa1AuALdAYves
Hafeiitiaromadenyiuaisadinaulssnuuidl
LLazmiaﬁﬁummﬁwﬁ”ayﬂmﬁﬂLaﬁﬁywwua’”amm
WUUABUAUNGANAIDEEUTINTVRIUTEN F1UU 7 AY

1nglg3TN1581PUTUTIIATIEY (AHP) HANNSIASIEH

foyaasuldsed Yatondniluiinsesivsznaudie
5 908 Fedadovdndugnindiaudfayanniignegd
40% waztadunanarunisauuiAudaNd Ay loy
gmegil 6% ludvesiladvgosduu 15 Jade wui
Tutadendndui du Jaduessuauind dui
anudAaniiaaeg i 48% ludladendnsiuaiiu
wioniiud Yatedosduimunfvesgurudeudidy
wniigasgil 48% lutlidevdndugnén Jasegensu
FruugnAluiiuiiiinnuddyunniianeg 64% u
Tadendnmunisauunay Jadeugesmunununisuuds
fienuddanniigaegi 59% uazludadondnduds
wnaou Yadegesdiuarndssoninfniiviang
Audaniianegil 35% anuadildansoaguls
TdduanudRyvesdiadendnaugndiog i 40%
wazUadedosvesladendnaugnafe I1uiugnAily
Aufiogil 25.60% uazn1sneuaunidegndioy
14.40% finrwddnaniigadinndusiuslulufianis
ey ludureshiafidanadon $1umu 3 maden
WU TANAAIMNTTUINUAINA TAIULMIIEANNIN
figmnogil 45.40% sesasdudaugnaivnssutede
szu0s0Eil 31.48% wazdaugnanunssa WHA EIE feu
fanogd 23.23% lnsthanasuluguuuuvounugiids

1Y

fAuTUlaRInINg 1




Thai Journal of Operations Research: TJOR Vol 10 No 1 (January - June 2022)

. .
Jasenld lumsdenritanaadninau Isanuuralni : asaldneusyn ABC lusandaszoeq

{a X A 2
A 10% Anumeuiiui 18% qnM 40% MIANUIAN 6% Fuadon 26%
Aa o a o v X 4 v \ 4 a ¥ .
- vuaiian 48% | |- vidunfvesynmy - Swugnd ludiug - AUNUMSUUAL 59% - 1HEIADMIANININ 35%
-IMNAY 44% | [48% 64% Suma ldvaadums | |- waazduuazidos 24%
-sefau 8% | |- szuuansisglian | |- mIneuduesdegam | |26% - HansznuAeM ARy Tugury
44% 36% - uund 15% 24%
- UTMIAFITUL 8% -1dessedsialis lua 17%
HANYATINATIN HANGATINAITY HANATIMATIN
nuMYA WHA EIE 1o1%e 52009
45.40% 23.12% 31.48%

v
o v o

JUN 1asUmamsmﬂusULL‘UU‘uaﬁLqumﬁmmmwu

5. @3Uwa

9

ToguszasrnanveInIsinwde nsAnwdade

Tunisidenviian meddnarulsaanunnralug Inenns

I's

UszgndlgnIeuiun1sa1autwdaiinsiest (AHP) 11

dnszuvlumsdedule iednausdeyalvnuuiunly

st dunwanislunisfiarsandadenyiiaiissves
Frdnaulssnunidlndlasgranunzauiaznouland
ANUABIN1S Inelduuugeuaiuwaznsduntvaiidu
in3esilolumaiiutoyaannguiessduduguins

Y9UsENNTunumuaziietasnunisandulalus g

°

ANSLABNYILATI A 989U ENTIUIUN 7 AU tnedivade

v
°o v o v

dagAundneluassiey 5 aundn laun aunau

Frumunieuvosiiud AUGNAT MUNMTANUIAY LAY
FIuAWINgoY FanaTilaSuanMsTLUUAsUaNTBS
ﬂq'mm“'aaijalé‘lﬁmméwﬁ'zgﬁwqﬂﬁmmﬁ'qm daundu
Frudwndey drunnundenvesiiud drufify uas
FAunITALUIAN AIUEIRY wazdl oRarsanludsy
Anudrnvestadegegludadenanaiuaig o waa
asUluudasdaduldded lutladedugndn LAl

v

AuddauIwIugnAluiuiunige lutadeiu

v

dannasy lekianudduiunsEgewmansinuviiyg

£

winiign ludadeduarnunieuvesn ui Lol

ANudRyAuTiAuAAvesyNTuIInTian Tuladusiu

-

i lelimnudAgyivauendunnign wagludade

v v v

ATUNTTANUIAL ”lﬂwmmammﬂumwumsmuamm

b

mqm dminveusarJadeiildainmseuaaietn
JipswiSeuiiouiuriainamadenvets 3 Hud
Tngvhnsiisuisunanasitaden q Jade e
Lﬁaﬂv‘l’%aﬁé?aﬁl,umzamﬁqm naildae uadinsluiud
UAURAFIMNITUNIUAINA ﬁmmmmzaumﬂﬁqm 1y
finsnsiageuAtAudenndss nafiladAtesnin 0.1
g9 Fatiu maﬁlé’ﬁa’jwﬁmﬂmﬁmmaqq UDAIN
wadwsTldnnIdelundatinda anunseindoyadild
Tl lunsmviadinclussug filnnalndidesiuld
Tnemsinzinegenviofnuiiiuiuludewesiady
vénuazadesesiidenlilnefiansanniugluivuvas

Mnmafenvanegnngluvienieueniaugaamnysy

v
P

NuITeddn1sUsziiudminaud1A YVl

Tadeang@ermnaiies 7 vinw dadumndgideaviay

1NNYUB1ALYAUAN AU UTIUINTUY UBNIINT DL

Tadaiunguune seleukasdetsdu NdaudAgly




Thai Journal of Operations Research: TJOR Vol 10 No 1 (January - June 2022)

nsdenviiafidadiundisiiy iWesnnluusasdiud
omveiingrneuazdetduiiuanssiuoonly st
Hadusugutdui uiilunsddmadenvesitaisg
luildogludirugnamnssy uenaintiuds AHP fnsld
easiminlunsaueuumslunisdndula vilvnis
dnduladueg fulsraunsaivesdidermguazine
dmsunsdfiTrnunasiuazniadenldundn Snvs
wangfunuIidinunm dmiunsdiidunsdagule
AdTuudadondnuaztaded osdiuiuunnuasd
Miandenaunms 35 Data Environment Analysis
(DEA) uAswdaflmanganlunisthaldlunisiadula

WawnUgmaudedninuarananugenves 35 AHP

6. LONE1581984

[1] Uszasm Usaaananss, MsusmsnIsnaniaynig
UfURN1S, N38MNUNIUAS: Diamond in Business
World, 2547.

[2] 95%ie 1A, qsﬁaﬁﬂﬂ, NTUNNUMIUAT: Uszau
1ns, 2545.

(3] Yasfnm leen, LL’LJUVH\‘IﬂﬁLaEJﬂVTWLaﬁﬁzﬂﬁ’]‘m
VOIFUINTAUNATINGUA,” INeA1ans
UAUUIR, ANVIVIUTIANTIUNITHRIUN
AAIMNSUNSNE, UNINNFUSITUAEARS, 2560.

[4] fudisay qunsans, “Jedeiidamasienszuiuns
Fnaulalunsideninadinmesiuuouia Tneis
AHP,” 11581530 m3Radzialuladgnaimn Ty
UMIINYIETIVANA N, Uit 10, aduft 1, w. 1-11,
2560.

[5] fudisuu gunszdng, “madenviuaiinauesuity
Yeezlnasnsudlngds AHP: US¥ ABC 311in,”
13319075UsEIUMIA I IINITIEAUTITUSE
wuf., O 9, atudl 1, w. 1421-1428, 2561.

[6] U3dms 19ddladu, “Yadeditnasonisidenyiiaiing
ANUAUARTILYRIUTENOUNITRRAMNTINNNS
NARYUIRNAS UM InNUBIANY,” 275775
e auaIwuy., 97 7, atud 2, u. 10-18,
2560.

[7] S9e1#ing Yywduns wazngy A3uln, “Hauiilalu
N13UNUBIANITTINRFIMTUNTNGA UGN
ﬁWLaﬁéﬁMyjﬁ’lu{]’ﬂﬁiiQﬂiﬂﬂ," 13597150587
A, Vit 8, atiufl 2, u. 1-10, 2559.

(8] sl wiEsyasm, “nsdeniisendaitily
Uszmdlnelpgldieaduiuddinses,” 395
amnsedl., Uil 32, atudl 3, u. 37-42, 2558.

[9] gmunA Bumsui, “msieseiladenisdeniine
figsann nadidnw van. waea Al Swing
0 3011,” vinsgsiaumdadgie, a1v3vIng
IANSIAFRNE, UM INeBeNBN1TANeg, 2556.

[10] awwne sAnwuEna, suideuTsn1sidenie
woAnIIUAmansuardrNrans, ansonil: Snwsfad
AU, 2554.

[11] F958 suATAsAa, AHP miﬁm%uslﬁlsﬁgugjmﬁamm
It UDI0IAN WAL ALY AN UR MUY,
nyuvmLIUAT: drnfiunt ouSuninauRueudiy
BT, 2557.

[12] o553 B304, “nseindulalaglinszuiunisadu
FuFanse (Analysis Hierarchy Process:
AHP),” Process Management., Ui 64, atufl 1,
U. 83-89, 2549.

[13] @0 s tennauun, n1sanaulakuuiansuvany
nadnsugsiawaeNsinnsladadind: ngufuas
NSURUR, NJUNNUMIUAT: NNTINEISETIUAERNT,
2558.




Thai Journal of Operations Research: TJOR Vol 10 No 1 (January - June 2022)

A1519 N UUTEUIYRUAIIINAINISNEINTAIANURDINITEIR8ITN150N0DY

2 a o W

\BanAaEANFNR S TENINRLU BRI TLAALUSIBINGY

wwuel nynas'

AnzataUsEgnd aardulndiniauuivsaians (NIDA) 148 auuiaslng lwauienst ngaunn 10240

Received: 25 January 2022; Revised: 13 March 2022; Accepted: 6 June 2022

UNANED

ﬂiﬂjﬁﬂmﬁ“ﬂfmqﬂi:aaﬁl,ﬁawmnizﬁﬂ%mmmméfaﬂmimawmﬂmi (generic) waveuial (original) 8
matarlisunanseny waviewennsaiildlualevedanisaudnmds o lsmenuiaensuwimile Tunns
Muusuulsvisdudiaeds fanuliviueuiaimunudeinisuazssoginandndadudn (lead time) #ide
NTUIRMVVAUAIAIAGIANAILUU AILUU 1 WAZAILUY 2 AUUAAUSHIUANADINITNTEUAILUUUNALAT
WUIAANSALISEAUEEs (order-up-to level) LLasﬁ;ﬂé"a%?a (reorder point) fiumnsnaiu dusauuu 3 Lilgldde

[ 1

AUNAYEIN1INTZANBAIUNALALTHIATUNITNTZ T 9UT2dNY (empirical distribution function) Y845z zLIa"

o 1 o v

dndsduAaznsnIzAeiinzay (fitting distribution) ¥asAnudBINITEIAlUTUATH R Studio dmsuen

ensiudldnsnensalldfwuunsiesgionneenyan (multiple regression model) FLUsBasEilnsiLUs

a

1332187 (numerical variable) 1y $1AM%18 WazdlUsiBangy (categorical variable) 1y nguunngAdslden
uwunfifinslden msdadszamnguenlulsmeuiauazuisngdiming  ndsandildmaassulouisnisians
ﬂé’qﬁuﬁﬁusﬁ'mﬂammﬁmmﬂsﬁmﬁﬁiLﬁm%ﬂuﬁdmam 6 LABU WU A1TEAUNISIAUINNS (cycle service level
(CSL) w1nn31 99% dwsuenlug 8 Tu 10 118m15 Aldaelunisdanisadsdudanadliade 60% dedisutu
AlTIneINUlsUIBLAL uaﬂawﬂﬁﬁﬂlﬁﬁﬂmgﬂLmeiwmﬂizﬁﬁmmsauLﬁaa%’wu‘lamaﬂws%’mmmé’ﬁuﬁﬁu
FeMsEuAN ineinrnudesnisasdsuwlaniiesnnldfunansenuainensenising uenwideluanndauuu
anneslunowdiu 3nmensaiaynsunanansaldiuendudsdideyaluefin Tunsdnuni §idelaldduuy
innovations state space @113 U exponential smoothing (ETS) # 11 UU autoregressive integrated moving
average (ARIMA) W@ W3 UU neural network autoregression (NNAR) wa 9310 b naaesuloutanisdanis
adaAuATUTamanudsmsldaTeAstulutina 6 Weu nut Arsedumsliuinisiinnd 99% dmsuen

Wy 9 Tu 10 519015 Anlsanelunisdnnisedsdusanaslaaie 47% Weawsuiualdareainuleuiwiy

ANEIARY: N1TIATILNNITANDDUITINYAN, FILUUAUAIAIAT, NMINGINTAAINUADINTTEN

* Corresponding author. E-mail: tapmanee.tap@gmail.com
! dn@nwumndudin vangasnisdanisledadind aurainuszend andududiniauuimsamans

@@



Thai Journal of Operations Research: TJOR Vol 10 No 1 (January - June 2022)

Inventory Models from Medicine Demand Forecasting with

Dummy Variables and Interaction Terms of Multiple Regression

Tapmanee Tapabutl*
Graduate School of Applied Statistics, National Institute of Development Administration (NIDA)
148 Serithai Road, Bangkapi, Bangkok 10240 THAILAND

Received: 25 January 2022; Revised: 13 March 2022; Accepted: 6 June 2022

Abstract

The objective of this study is to forecast the demand for both generic and original medicines and
to construct their inventory policies at a hospital using these forecasts. To construct an inventory policy,
both uncertainties in demand and lead time are accounted for. We consider three inventory models: Models
1 and 2 assume normal distribution, but different calculations are used to compute the order-up-to level
and the reorder point. Model 3 does not assume normal distribution but uses the empirical distribution of
the lead time and fits distribution to the demand using the R Studio program. In our multiple regression
model for the generic medicines, our independent variables include both numerical variables, such as price,
and categorical variables, such as group of doctors, section in hospital, classification of medicine and vendor
of medicine. After applying the proposed inventory policy to the six-month actual data, we find that the
cycle service level (CSL) exceeds 99% for 8 out of 10 generic medicines, and the inventory cost is reduced
by 60%, compared to the cost given the current policy. Furthermore, we quantify the effect of these new
generic medicines to the original medicines and obtain the appropriate forecasts and the corresponding
inventory policies for the affected original medicines. In addition to the proposed regression models, time
series forecasting models can be used for original medicines, whose historical data are available. In this case
study, we use the innovations state space model for exponential smoothing (ETS), the autoregressive
integrated moving average (ARIMA) and the neural network autoregression (NNAR) models. Our result reveals
that the CSL exceeds 99% for 9 out of 10 original medicines, and the inventory cost is reduced by 47%,

compared to the cost given the current policy.

Keywords: Multiple Regression, Inventory Model, Medicine Forecasting
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TagNansuann 2 Uady Ae Sevazanldanslunis
San1sadsdusiivszudnadlddofoutuulovieiy
(% SAVE) uag A15zAUNISIAUSN1SIngRaNsIInal
p-value vosiLUsIuaNN1T Regression
(1) finsanandevazanldireiivsendnadls
y:Bo+Blaz+Bza3+B3b2+Bab3+ Bsb4+Bsb5 (10)
Tnedfly o %SAVE vesusazulauy

o

a A9 AILUY; i = 1,2,3

b, Ao gUuUUMSNeINTAITY; | = 1,2,3,4,5
(2) NATUIINAITLAUNTIAUS NS
y:BO+B132+Bzas+Bsbz+B4b3+ BSbﬂ+B6b5 (11)
Taedi v Ao Arszaunisliusnng (CSL) vesusas
ulguiy

N o

3, AB AILLUY; i = 1,2,3

N

b; Al JUkUUMINENTAALY, | = 1,2,3,4,5

[ '
3 =

Yunaun 7 wWisuisuuleursdayvuiu
wlauglul wWisuisualganelunisdnnisadsduen
NAUNUNITARATOIAUAIAIAES (Inventory Holding
cost) warAunulun1sfnf g (Set-up cost) uagFuny
M3URAUAIAIASS (Shortage cost) Tnafisualdinedi
Taanulguignisdnnisadsduanuuunualgdng
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Daily demand Gamma Distribution break point demand Lead time distribution
Alpha 0.7685645 zero 0 0 Breakpoint Prob Lead time (week)
rate 0.0166631 positive 0.6131805 1 0 0.7113402 1
Beta 60.012771 0.7113402 0.0824742 2
0.7938144 0.1546392 3
0.9484536 0.0515464 4
Max 145.80743 1 0 5
in-stock frequency 0.9880
1 2 3 4 5, 6
Replication D1 D2 D3 D4 D5 D6 Leadtime DinR+L in-stock ind
1 27 0 0 0 27 0 1 27.4 1
2 0 0 26 0 0 40 1 - 1
3 27 46 0 18 0 0 1 733 1
4 0 0 17 26 8 0 1 - 1
5 0 6 0 0 0 7 1 5.7 1
6 9 0 31 0 0 5 3 399 1
7 0 27 0 0 1 17 1 27.2 1
8 0 92 0 2 19 12 1 92.2 1
9 0 0 0 48 0 1 - 1
10 51 40 2 38 0 5 1 90.8 1
11 0 3 0 14 0 3 16.4 1
12 0 0 8 1 0 25 2 8.4 1
13 5 0 0 0 21 1 4.5 1
14 0 0 0 0 18 0 1 - 1
15 40 0 75 0 0 48 1 39.9 1
16 0 0 115 0 0 16 1 - 1
17 0 27 0 24 0 0 4 51.0 1
A o | ° o ° o ' . -1 & |
E‘U‘V] 6 AIDYILLUUINADINILLUU 3 @11IUNITNIAT Maximum Level Lugupaun 4
of System
Target oL 099
ROP 29422 Actual oL 1
Max 300.18 Ordering cost (THB/order) 1
Unit Holding cost (THB/unit/6 Month) 3.638
(THB/6 month)  Actual
Setup cost 4800
Holding cost 1,113.83
back order cost -
Total Cost 1,161.83
6 mth 184 Days Shortage 0 times 40 Baht per occur
Inventory on- Order  Due Date of
No. Day Demand  Leadtime  Receipts 0 L e "» Backorder ity po
o o
0 0
0 0
0 0
o 810 0 0
1 1-Mar 2 0 0 810 810 810 o o
2 2-Mar 30 1 o 0 780 780 780 0 o
3 3-Mar 0 2 0 0 780 780 780 0 0 Lead time distribution
4 4-Mar 0 1 0 0 780 780 780 0 0 Cumulative value prob
5 5-Mar 0 3 0 0 780 780 780 0 0 0 1 0.4
6 6-Mar 86 1 0 0 694 694 694 0 0 0411111111 2 024
7 7-Mar 0 2 0 0 694 694 694 0 0 0655555556 3 0.8
8 8-Mar 25 2 0 0 669 669 669 0 0 0.833333333 4 014
9 9-Mar 0 1 0 0 669 669 669 0 0 0977777778 s 0.02
10 10-Mar 0 1 0 0 669 669 669 0 0 EfLead time] 2122222222
11 11-Mar 60 1 0 0 609 609 609 0 0
12 12-Mar 0 1 0 0 609 609 609 0 0
= o ! ° o v a v GL ] ]
E‘IJV] 7 AI8819LUUTNARULEUIEAITINNITARIAUAT TUTURDUN 5
a o e o ) I o 1 [ [ v VL‘U‘I U 1
q,. Naﬂ']i’gl,ﬂi’]q,wﬁuagqjjaL[,aun’]'sf\]’]aaqu gUu1Y TTWININANVIYYINUNFNENUN UAUNITNUINAN

. . Adjusted R-squared LW 49 utdu 0.8091 lnsaunis
4.1 Wan1583198UN15 Regression 4o . . -
Regression @4l interaction s¥119tadsiisngazidyn

¥

NNNNTADIATIEALNTT Regression lagliladen &4
' a v & | . v
ANAI19ELN 87T a9 anualaelydl Interaction ba AN

Adjusted R-squared = 0.6892 uaziilald interaction
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¥y = 0.4185 — 0.0067p + 0.0629m +
0.5066d; + 0.6523¢; + 0.3779¢, +
0.4343c; + 0.3111c, — 0.3618g, —
0.3590g, — 0.3424g5; — 0.3173g, +
0.0159g5 + 0.0944v; — 0.1818v, +
0.0144v; + 0.0071v, + 0.0059(pg,) +
0.0019(pg,) + 0.0069(pg3) +
0.0083(pgs) — 0.0106(pgs) (12)

4.2 wan1siaenisimunzaulunisadreuleuienis

IANITADIRUAN

Im(formula = dor$persave ~ factor(dor$model) + factor(dor$Forecast),
data = dor)

Residuals:
Min 1o Median 3Q Max
-3.8258 -0.0384 0.0985 0.1888 0.6450

coefficients: (1 not defined because of singularities)
Estimate std. Error t value Pr(>|t|)

(Intercept) 0.48538 0.15773  3.077 0.00282 **
factor (dor$model)2 -0.08442 0.14107 -0.598 0.55117
factor (dor$vodel) 3 -0.06582 0.25432 -0.259 0.79643

factor(dor$Forecast)?2 -0.03469 0.19951 -0.174 0.86240

factor(dor$Forecast)3 -0.04216 0.19951 -0.211 0.83317
factor(dor$rorecast)4 -0.49217 0.19951 -2.467 0.01566 *
factor(dor$Forecast)s NA NA NA NA

Signif. codes: 0 “***’ 0.001 ***' 0.0L **’ 0.05 '.” 0.1 * " 1

Ul 8 A1 p-value wasnuUsluALNT %SAVE 18581

Original

Im(formula = dor$csL ~ factor(dor$Model) + factor(dor$Forecast),
data = dor)

Residuals:
Min 1Q Median 30 Max
-0.210706 0.009782 0.017000 0.025775 0.059294

coefficients: (1 not defined because of singularities)
Estimate Std. Error t value Pr(>|t|)

(Intercept) 0.94071 0.01525 61.701 <2e-16 ***
factor(doriModel)2 0.01013 0.01364 0.743  0.4596
factor(dor$Model)3 0.04484 0.02458 1.824 0.0717 .
factor(dor$Forecast)2 0.03196 0.01929 1.657 0.1012
factor(dor$Forecast)3 0.03211 0.01929 1.665 0.0996 .
factor(dor$Forecast)4 0.03819 0.01929 1.980 0.0509 .
factor(dor$Forecast)5 NA NA NA NA
Signif. codes: 0 ****' 0.001 “**' 0.01 ‘*' 0.05 “." 0.1 ° ' 1

JUT 9 f1 p-value vesduUsluaun1sAITEAUNIS

T#usn1s (CSL) 98981 Original

313U 89 WATUIAT p-value INAUNTT
Regression U84#181 Original Wuidauuy 3 1Judn
WUy Amaneauiesanliasedunisliuinisg (CsL)
geegalitiyddiny (p-value < 0.1) uaﬂmﬂﬁgmwumi
NENTAIUUT] 3 fp Autoregressive Integrated Moving
Average (ARIMA) LfJug‘dLLuumiwmmaiﬁ'mmxau

o o

Wesnnlvianseaun1sliuinis (CSL) geeeailideisy

<

(p-value < 0.1) U URUUAINEINTAIUUUT 4 fi
Neural Network Autoregression (NNAR) 13/ 1311z @

waeanliian %SAVE deunitguuuunisneinsaiay

o w

peslildAgy (p-value < 0.05)

v
LYK

A UNTIUNUULEUIEATITTANITAGIEUAT
#1958 Original 38 n15nensal v inunzaude
Autoregressive Integrated Moving Average (ARIMA)
Tnefnvufimnzaudviunsadrauleuienisdanis

AGIAUAT AB AU 1, AILUU 2 WAY AILUU 3

Im(formula = dg$persave ~ factor(dg$mModel), data = dg)

Residuals:
Min 1@ Median 30 Max
-0.6133 -0.1567 0.1069 0.1703 0.3007

coefficients:

Estimate std. Error t value Pr(>|t|)
(Intercept) 0.513643  0.078932 6.507 5.62e-07 ¥
factor(dg$Model)2 -0.014367 0.111626 -0.129 0.899
factor(dg$Model)3 0.002173 0.111626 0.019 0.985

signif. codes: 0 “***’ 0,001 ***' 0.01 **’' 0.05 *." 0.1 * " 1

U7 10 A1 p-value woasuusluaunns %SAVE ve3en

Generic

iﬁ(férmuTa = dg$csL ~ factor(dgSModel), data = dg)

Residuals:
Min 1o Median 3Q Max
-0.301775 -0.004321 0.014826 0.022973 0.102435

Coefficients:
Estimate Std. Error t value Pr(>|t|)

(Intercept) 0.97678 0.02662 36.690 <2e-16 ***
factor(dg$mModel)2 0.00689 0.03765 0.183 0.8562
factor(dg$Model)3 -0.07922 0.03765 -2.104 0.0448 *
Signif. codes: 0 *#**%' 0.001 ***' 0.01 **’ 0.05 *.” 0.1 * " 1

JUN 11 A1 p-value vasiuusluaun1sAsEAUNIs

T9u3n1s (CSL) 98981 Generic

91n5U 10-11 WR138U1AT p-value INANNTT
Regression Y0428 Generic AILUU 3 bl lnuNgay
losanlvien CSL feuninfuvuduegaiitudifa (p-
value < 0.05) Tuvauei naves %SAVE L lduansi

RN WEGRENT

o
LYY

AIUUNITINRUULEUIENTIANITATIAUAN
° ) . ~ & v | P
dmsuen Generic vilaaandusienisend vy 1l
TayaluefAndaiiisn1snensalluulAgife Proposed
Regression Method Tag@uuuy LRz aud1nsunis
a519ulgUIINISIANITATIAUAT AB HILUU 1 Way 67
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4.3 HANISNINUAUTIUIENISTANITAR 98 WA
WSaUiguNUNUAMUABINISSIEIUNNAYUDS
M15199 2 %SAVE LagA15EAuUNISAUSNIg (CSL) ¥89

YleungNveaudnsuen Generic

code SAP 9%SAVE New CSL Model
PHCCO0127 | 67% 0.99 2
PHENO022 | 74% 1.00 1
PHTT1183 | 45% 0.99 2
PHTTO767 | 63% 1.00 1
PHTT1123 | 33% 1.00 1
PHTT1124 | 68% 1.00 2
PHTTO031 | 60% 1.00 2
PHTT1046 | 68% 1.00 1

A15199 3 %SAVE kagA15EAuNISiusnIg (CSL) va9

ulgureunzandIniuen Original

code SAP %SAVE New CSL | Model | Forecast
PHCCO071 | 48% 1.00 3
PHENOO12 | 68% 1.00 3
PHTTO0235 | 63% 0.99 1 3
PHTTO374 | 58% 1.00 1 3
PHTT0499 | 62% 0.99 2 3
PHTTO0526 | 31% 1.00 2 3
PHTTO714 | 37% 1.00 1 3
PHTTO762 | 16% 1.00 3
PHTTO867 | 41% 0.99 1 3
5. aguna

5.1 aAUs1gNan1sANE

1AN1STLASIER LA 81Ul uIeNISTANIS
AdduAImIzauiuenenislniddifiveyaluedn
LAZYITIUNITLAUT IAIAI1AINUA BIN15L LA TU

NANSENUIINATUNIE15I8NT I WU

g1919M15 MU 3881 Generic Wialdn1snensal

AURBINITAETD Proposed Regression Method wa

T9@auUl wagAkuy 2 WUl J81 8 518n15ALeANAN
SEAUNSHIUSANS 11NN31 0.99 Teeilanaassuleuie

£ v

dwuemie 8 ensiiiudeyaninunenissgiun
WRTUASINUIN Tuszesian 6 Waud1unsaanAliang
Tun1sdmnisaasdumiaclaaie 60% Laiauiunis

IANNSAGIAUALUULAY S19ALLDYARIANTIN 2

81518M5PNTsAnI19glF S uRansE U nSoen
Original 41 819 n1sweansal Aa1u 89156 2833
Autoregressive Integrated Moving Average (ARIMA)
wagldMmLuU 1, MLUU 2 WAL AILUU 3 Wua1 Je1 9
s1en3filaA1sEAUnIsluINITIINAIT 0.99 Taaiile
naasulouidmiuedia 9 iwmiﬁyﬁ’wﬂ’a;ﬂamm
Foan15518 uRLART uas U3 lusvesnan 6 Loy
anansaanmldsnslunissaniseddusadliiade 47%
dlaisutunisdanisadduduuuiiussazidonds

AN5197 3

5.2 YoLdUBLUSINILAY
e arursad luldi dunuinislunnsg
MUY UIEAITIANTISABIAUANE NS UBNS 18NS b

1%

Tulsangruianizen Generic wintu 393 Judpald

¥ v o a '

U83AAIUABINTVOIE Original MgufgIN Uiy

Y

diululssmeuiasndseney mndideyauinndidng
i3 Suausliniadefiidiuieadestuanudioinise
Original HiBuUsznaunIsHEINSalANFBINITEN
Original Fadusienseln ferlvaivedsmenuia
dmsudleunensnnsausveseIuesensi
ANSEAUNITIRUSNITUBEAI1 0.99 AIsiulauisnis
Fansuiiandn 1wy nmsRnnudeyaiulinaulisiudie
\ietnewsengnarmiiaudeiuda uasunaunise
Puensrrinalsme ualulAIonsalsane U1 aAe
Uil ldnnassadrsulouienissanis
ASEUAEMUE T aUALES 20 S18A15 IN518ANS
gfavualulsewerunadssuna 2,000 519075 unis
UuRnuasnITmaaesaiauleuIensinnsadsdun
maam‘v;ﬂiwamiLﬁamuiamaiumﬁmﬂ13%%&15@
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nsAnwduAIanInBNTulaglgnuu Newsvendor wagn1s Simulation Tun1swn

USurun1sasdin NN

Fwssar vASedaunt

MAYN1sInnsladand anzatnussend aantududianauuinsaans
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UNANED
nsfnwlunuAfelfifngussasdifiodnwinsneinsaiusinmuarudesnisaudluusas nauaudlid
Auiugianty neliisnswennsaiaudonisduddelusunsa R Studio liiemAl MAPE shilanannviane
FALUUNITNEINTAL LYW AILUU State Space @115U Exponential Smoothing (ETS)  #21LUU Autoregressive
Integrated Moving Average (ARIMA) waz#auuy Neural Network Autoregression (NNAR) Anensasiilaazidu
fusthiddnsuiuuunsdadefiunzandlifuuy Newsvendor wuuiiugmu ndsniuuisuiiovium
msdade swelduasiilsves 2 Wlewie Ao uleuiemsddeduduuuiy funleuiemsddoduduuulv annsh
WUU Newsvendor LLumﬁyugm wudn Wlenenisdeadeduduuulniivsinansd@eanasanuleuisnsdade
AUALUUIAY 3,501 TU W30 12.31% wavannsavnilslafiutuainulouienisdadeduduuuiiy 575,682.49
UM %39 2.07%  wazdinswaundudiuuu Newsvendor Anuuas lneilfiarsannisdnauead dun1masau
qamaneifisdlugae Wnssiuaniunisalvesuisnnsdifin lasn1s Simulation Wilevusinamsdsdedudn
srelduasrnlsluves 3 wlovie Ao wleurenisdadeduduuuiiy Wleuienisddeduduuulnl annduuy
Newsvendor wuufiug1u uazulsunenisdsdedudiuy Optimization duiduiauuy Newsvendor fauuadlsidl
nsfiTnsannsdnnugaddud mdaauggnia wansAnuiasdlin ulsuiensdsedudiuy Optimization 1y
IeUSinansdsdeviavan 21,141 $u fUsuunnsded oanasanulauionisdededufiwuuiy 7,613 Tu wie
26.48% LLazﬁwﬁwlilﬁmwﬂﬁ'qﬂ 34,522 13558 U ¥l s ud uarnulouien1sdad o udLuuLiy
15,818,564.43 UV %30 84.58% uaziloflUSuunisded odudfianauda v ldsuiududinindsing ends
gamanssmieduiduiinaanas Jsdamalinisiionsedud1ain 10.91 e anawnde 4.84 wew Wunsan
AlaeluiunsInnsAuAIRIRalaBnee
Ay andnuiidu, msmeinsalrudeants, Usinans fioimnyay, fuuu Newsvendor,

AAIAvLNELIEsan
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Abstract

The objective of this research is to study the demand forecasting to increase the forecast accuracy
of each product category. The forecasting step is carried out using R Studio program to minimize the MAPE
among several forecasting models such as the state space model for exponential smoothing (ETS), the
autoregressive integrated moving average (ARIMA) model and the neural network autoregression (NNAR)
model. Then, we study and analyze the data to find the suitable order quantity, using the basic newsvendor
model. After that, we compare the order quantity, revenue, and profit between the company’s current
company and the new policy with the basic newsvendor model. After we deploy the new policy, we find
that the order quantity decreases 3,541 pieces or 12.31%%, compared to those of the current company
policy, and the profit increases 575,682.49 Baht or 2.07% 9%, compared to those of the current company
policy. Next, we study and improve the modified newsvendor model to incorporate the promotional sales
events after the selling season ends. Taking the company’s practice, which has the seasonal regular sales
and sales event, into account to run the simulation to find of the suitable order quantity for purchasing,
revenue, and profit under three different scenarios, namely the current company policy, the new policy
from the basic newsvendor model, and the optimization policy from the modified newsvendor model. As
the conclusion of this study, using the optimization policy results in the total order quantity 21,141 pieces
(decreased 7,613 pieces or 26.48% compared to those of the company policy) and the max profit
34,522,135.58 Baht (increased 15,818,564.43 Baht or 84.58% compared to those of the company policy).
Additionally, when the order quantity decreases, the inventory after-seasonal regular sales will decrease as
well, leading to the decreased in the inventory day from 10.91 months to 4.84 months and to the inventory

cost saving.

Keywords: Street fashion, Demand Forecasting, The suitable order quantity for purchasing, Newsvendor

model, Expected profit maximization
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ﬁal:f]usﬂgumauﬁﬁ’]ﬁ’z:giumsmmmudauﬁ%L"%'w?ju’umau
fly insgaudesnisdudvesgnAiulaiuiuou §
mmJﬁ'EJuLLtJaﬂhJaEJ"mmL%mmamumiajm'w6]
Tnoanzdudundusazniseiasld3insmennsal
sinee) 538 [1] e

2.1.1 manensaluuulsuissud ndlmuudoa
(Simple Exponential Smoothing) vutnadanas
wennsalfmnzauiudeyaiindeulmeglusyiuaed
vidolifinswasuaniedudeyaiilifiesdusznou
voauuildy uwaglufiauduwdsauggnia diang
anuifunds iesnmnnsaifiiaundifiesetaiien
waznzAunsweInsalszezdy Taun1snisAiuan

@

&
ANU
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Forecast equation Verne = Lt (1)
Smoothing equation £ = ay, + (1 —a)f_1 (2
Tnefmuati

2

Ve = Adoyadseniiie t

ANNSNEINSA] B4 T8N t

£1_1 = AIMINYINTAADUTINIAN t

a = AMevaIn1sususeu O < a < 1)

2.1.2 mangnsaluvusuidas nd lwuuifeoa
(Double Exponential Smoothing or Holt’s Method)
nswennsaif ddnwazadefunisnensaluuuuiu
Seudndlmuudea (Simple Exponential Smoothing)
LA NISNYINTALUU Double Exponential or Holt’s
Method \umaiansnensaifimungauiuteyadis
wwalduuuuidunse walddanuduggniadaun
Aentes wardumneiunmsnennsallussozdy qud
manensefluszesiunans fauntsmsiuan feil
Forecast equation  §¢ype = ¢ + hbe (3)
Level equation £, = ay,+ (1 — a)(fs_y + be_y) (&)
Trend equation by = *(£; — £t_1) + (1 — B*)bs_4 (5)
Tnefuunli

£, = Amswennsal o Faaaani t

Ve = ﬂ'ﬁa;&aﬁaﬁnm t

£,_1 = Ansnensaifeutieai t

a = AAsiivean1suiuseu (0 < a < 1)

h = nanafidesnisnennsalamii

b, = fuszanauuiliiu a 990817 t

b,_q = fauszanamuliunoutiaand t

B* = AmAsnuein1susuiseu (0 < B < 1)

2.1.3 n1sweInsad WUy ETS (State Space

Models for Exponential Smoothing) Huisnns

WeIn50/7 990 Trend Wag Seasonality vosda3a
Usgnouluaae 3 d2u @ E (Error) + T (Trend) + S
(Seasonality) Inefigunuunisidiouluiaa Ae ETS(Eror,
Trend, Seasonal) Imﬁﬂismmaqsﬂ”aga Av Error
Juldlefs Additive 1ide Multiplicative (A, M} Trend
Li‘]ulﬂiﬁﬂgﬂ None, Additive %38 Additive Damped {N,
A, Aj} Seasonal Xy ulﬂl@ngﬂ None, Additive 15 ®
Multiplicative {N, A, M}

2.1.4 NMSWYINTAILUU Arima (Auto Regressive
Integrated Moving Average) WUUY1aD98LUU ARIMA
(p,d, 9 ﬁa'uuﬂizﬂauﬁ'ﬁwﬁzy 3d7u lawn Auto
Regressive AR : (p), Integrated (1) taz Moving Average
MA : () @93U AR (p) Lﬂugﬂuuuﬁ WARIIIAIFINS

Ve TUBYAUANURY Pp_q, ..., Ve—p NI OANFUAAN

Re

\Aaduneunin1 p dusuiuy MA (o) 1iugduuud
LERAIAFILAR tﬁuaaﬁiﬁummmﬂammﬁau €tetr e
€r—q NT0 mwmamLﬂﬁlauﬁ'aqﬂ'auuﬁmﬁ qdu
Integrated (1) {Jun15wNan1a (Difference) vosaynsu

1381 TFUNITNNTANUIUAIT

Fe=ctdiPat ot P, + 016 1+ -+ 0,6 4+€ (6)

2.1.5 mMsnensaluuulaseyrgyszamiiey
(Neural Network Autoregression) 1A53U 18Uz @79
Wisy fle n1391809n19v91uvedlassieUssaivily
avpanyudieliiarwannsalunisifoudnisandd
JULUUANSY Feusznauluing lwadUszamuietasou
(Neurons) LLazﬁ;m%auUizaW (Synapses) wsiazwsad
UszamaziiuaedunseuauszamdadIouatioudeya
1 wazdivaedanszuauszamdadTouaiioudoya
Kadws LHun1FIIAILUY Connectionist Tnadituvas

v

Yoya Input layer, Hidden layer waz Output layer ¢4

U

WARaRagUN 1
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Input Hidden Output
layer layer layer
Input #1
Input #2
‘ Output
Input #3
Input #4

JUN 1 wuudaesnisileusievesdeyalulaseing

Useamiiey

2.2 ngufiingadasfiufawuu Newsvendor

W UBUUINAINNAEAAIARNS LT L UNITAIU U

P

AuAAePRanaNan InedlsIANAINLazALABINT

' v
a v al a v a [

Auaniliuwdueu Toiunsdsdedunieensanen way

o o Al

Auaniinisvelussezdunseianadnda Nldaiunse

q

v

wiuldldunu ilidudmuneny drale yarduad
Wideazanaslunn
Tnermunsaudsiudi (input Parameters) fasteluil
D = U311umuaeIn1svesdun
p = ulanentivesdum
C = AUUsEMIEURIAUA
S = YA INFenILYRIFUA

warilsnuwUsandula (Decision Variables) fi@

U2
o

x = YSu1aunseatpvasdum

o

Faiuuy Newsvendor HAunuued Overage Cost (C,)
AD AUNUABNUIEURIAUANLNEBINN1TTATINUNY
A ¥ 1

waz Underage Cost (C,) fip Auvusenyligveduni

fanudesnisuinniduaiiley daunisaail

Overage Cost C,=c—S (7)

= (unit cost) - (unit salvage)

Underage Cost C,=p—c (8)

= (selling price) - (unit cost)
§18n1589% 9 AUAILINNIIAIUABINITAVIN TAT AUAT

oy
= o A

Wi uIINLIN wRdInsFEeduAtasninAINy
Aesnshainliladdudvnelidugndn ineude

lanalun1svedudn faluazAeeiinIseedalulsua

Mnzauvihliindunuinigasas lanilsunian 1o

NEUNNTENTIEIUINGR (Critical Ratio)wazTyian x 1Tu

oy
o

FUIUNTTIRoNMUNzaN AulaaInaun1s Order

@

Quantity §ial

. Gy
Critical Ratio = i 9)
Order Quantity —x= u+ko (10)

@

WAz Expected Profit laannaunis feil

P(x) = pE[min(x, D)] + sE[(x — D)*] —cx (11)

1ag9l (x — D)* = max((x — D),0) NU18AINUI1 AN

Y
v A a v

WINgATENINUTIIUNIF @ aduAtaudiunaaly
Aean15veddudl swdeliiiduauinniegudiaus
Dk IUSHUAIINABINTSYREUANRTININAINUS U

oy
o Y &

ANSEIPRAUAINANY

2.3 ngugneadasnu Solver

Solver 1 un15ad1edanuuLi an1sindule
(Decision model) vasdayu [2] wavesdnuutdunis
Ussunanalagluldanaias L38n71 aLuunIg
adinenans (Mathematical model) fiuansnanuduis
\endinanansvesd e faulasazdoulosdieg i
$nfudesiisdsduanunisaivecymifu Tnesuuu
vendinandiu Tesduszneudeiu 3 di fe

2.3.1 fuUsandula (Decision Variables) 18u
Fuvstiinaulamneuvedam dWensuddemi
Aot aghay nnsnandudnlulssnuuimis szdedl
ATINUHUNIINEALALADINITNITIVINAITHANTUATULS
avviladudnuluslundavduaid

2.3.2 Wanduinguszasd (Objective function)

'
a

Juiladduiiuansanuduiusseniniaulsdndule
w199 AuTngusasAvestym ALANTOMAIRBUTIT
#eansle ogragu n1samuiideanisldiiuaui
#oansuanouunusteduindian Jasendeddu
fnqUszasdian Agadan (Maximization) usidiulu

1389999N15VUAINTANUAUNUSVRIAVUAINUUSTHUD
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Fudnfivuddlundasidumsliifnaldanelunsvuds
mi"lﬁ'aqm fTNL?ﬂﬂﬁdﬁﬂ?’ui’mqﬂizaqﬁﬁydﬂ ﬂ'm"’wqm
(Minimization)

2.3.3 dadin (Constraints) Weulvdosiinude
Foulvvestlym venlimsuinieslslétnandelals
{3 fesinstmuadesitavestlyniiiealdnseiu
anunsalaseiiintusrannsaudUamiugldnse
AUingUIEae Wy n1samu Juleuigdnagdesamu
TugsAavsetandl 2 Afaudsags Fadnnsimue
SrunuFuiiasululaiiu 1 duum Wusy
2.4 faPinusyansnwvesdudinnds

Py
o P~

AUEANS N NURIFUAIAIART TUTIT AB

@

i
Inventory Day fie S112u Uil Auf1aerdafiindoain
mﬁmﬁ’mﬂwﬁuﬁwqmﬁuLawiﬂuﬂa‘”ﬁuﬁqdauﬁ%
aunsathluldusevngeanluls winluinissvaden
dulmiiiandn daiandieagindufasndsivae
NSRS ImYedudtundeunviedossinlng
wansliiiuiFunuildamululuddudiuegly
szozaitluslunsiudsusdudndusesu Saien

auvnltng vuneanun TesserauIun LU uA?

Y

(%

Fuandusiosuandusivunad Inedlaunisniseiuln

&
PNU

Inventory end year (units)

Inventory Day = (12)

Sales per year (units)

2.5 MUeNNeIVa9

PMUITBBUMAEMDITUNUITEL Av [3] N3

nensalluduAundumeIsanee lngn1sgat MAPE

'
1o

fAFNanveIwsiayIsnITNeINTal LieMANANUABINIS
a v oA v o o & A a Al P )
YasduAialiinuIunsde@aiusunuilnaiAgeiu
Y I3 a 1 70
ANuABINstuauAs Lun1sanusunakaraldsngly
AuA1nands wagld] In1susvendldlusunsy R Studio
TngmsiinsenteyaUSunauumematitongnsaldnay
Asuusmsauauanlulsemelng Won159uNY
Fnassnine1nsmsliusmsauaua nisessudnuauy

WrsuUsNslaegnamunyay

@

fiakuu Newsvendor fa1u3389Aeavad Aa [5]

ANSLEFkUU Newsvendor N1il9a3nAaLsa9auUseuna

¥
1%

ATUANWILUTUALFDRILHTUTNITAIUIUINNANNITNG

sy o

adnmaniniidediialusessuuszana THmuiinm
nMsdsndnduimnzadldd uagilsildeaamuneg
fnlssamgean [6] msfmunUTinansnandniudent
wnzauLi enovaueInNdosn1svesfulanly
JagUuuazeuAnauf LUy Newsvendor 14 9aya
fluflinnzUgn wawdn wazdnamislade Tngazmen
fufnedgnuazenaanunerilsgeansislunsdiliifia
Jouazifiae Wolifuimegnlitussansnmgean

Lag [7] ALUUAlALAZRNANNSUNTHIT 5L NSAANN

'
] ° '

itedmingneldauuszinaiantn agmuInians
dedofimnzan Tasfinisansuuszanang uagmia
nsnerilsgean Wieidumsansuumsdatosolns
AANA

N1911A 1 optimization Taen151y Solver i
uITeiiA vates Ae (8] vn1s@nwilaenisaiig
WUUTIADINIIATIAA1AAT (Mathematical Model)
f%’mi”umzmumié"ﬂ%aqiﬁaﬁwLsﬁw wazn1slalusunsy
Solver @i Add-in Tu Microsoft Excel 2010 Tagnns
WIAMBULUY Nonlinear Programming Tun159ans
1039u3 9 tionevausslualddredunulidesdan
(Minimize Cost) Tudiununisdaivdudi duvunis
defodudn dununslaudiudiodsdudligndnandn
wagfununsTeduiinielidnnaieieesdsaudili

59AL597U

3. AN15AEUIUIFY
Tng3snsAiuuide Junausadl

v o

1. s1usandoyadununisddonis uassanvie
fiAntuade unzdoyanadunududiade s1anene
1y syarendudieds wiadunquauduay
g9N"avesty W.A.2560 - 2563

2. NINYINTAANUABINITAUAUT 0.A.2563
AelUsunsu R Studio luusazngududi A1e3snis

WenIal WuUUTULT BuLe ng Intuuidea Simple
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Exponential Smoothing n1swennsaluvuauidadnd
Twiuuea (Double Exponential Smoothing or Holt’s
Method) n1snensalluyu ETS (State Space Models
for Exponential Smoothing) N13W81N5AILUU Arima
(Auto Regressive Integrated Moving Average) kagng
wensaluuulassinelszannifion (Neural Network
Autoregression) Tagazginismanensafluusiayidu
Blndlsiearuniaiadeu waee dosilan

3. W1ANUILIUAINARINITALAT 1A1NAINTT
wensaififidnAnueandeu MAPE ﬁaﬁﬁqm Wiothan
WIAIAUAALAT BY (Error) @z Mean Squared Error

(MSE) vaausiazngudua lnen1sldaunisnisaiuim

v
v

fail
NIMANUAAIALATEUYBITRYA (Eor)
e,= A, — F, eit=1,23.,n (13)

N13AUI8 Mean Squared Error (MSE)

n o2 ei
MSE:Z;TleL Wefi=1,23.,n (10

N13AUIA Root Mean Squared Error (RMSE)

RMSE = vMSE (15)

oy ¥
o a

4. WeueNsEaeduan luunAutngasan
anuulguny fatl

a v a

1. Weuenisdsgaduawuuiy tJuulauie

o o

PAUSENNS

(Y] '

fAnwltedy fvg1uYu USuianig

U

R

- Ce

€ LD

v

MANTUDT

(%

AUA"

228
=9

2. Weuansaa@aduatkuulvg 11910013

Uszandldiauuu Newsvendor lnanssalilafiansan
NFIRNUTARAUAT

3. ulgu18n1389%aEUA1LUY Optimization

1191N15AALYAITIUUY Newsvendor i ug1uuas
Solver lumssmunu3ansddedudniolilamls
wndign Tnsfinisinrsanmsdnnuigadaududamn
ganaidsuluie

dwduulovenisdagoduduuulvl WWunis
Uszgnd iUy Newsvendor 183015898 0AuAT
wnzauuagilsiianninaglésu (Expected Profit) T
funEuns Gl

s (Input Variables)

Dy; = Ysnaundesnisvesdudilungududi j luggnia
fii

pi; = Meldsiomhevesdudlunguaudnd j luggmai /

¢;j = Sunusiomhevesdudlungududni j luggniad i

yafgndenigvesdudlunguausn j luganiad

%}
<
1l

i

fij = Usinaenudesnisvesdualungududi j luggnia
ni

0;; = daudeavuunsgiuvesdudlunguiuaii jlu

QoA i

Taol ngududnil j =1, 2, 3 Ae nquAuRLATEwsERY
(Accessories) nduAuAADEN (Clothing) wagngaAudn
50491 (Shoes)

quaﬁ i=1,2 3, 4f0 goluldud (SP) gaseu

(SU) gatuliisns (FA) uazgguna (HO)

frwlsandula (Decision Variables)

U
o

x;; = USunaumsds@evesdumlunguausi j Tu

o
QanIadn i

aunisitmng (Objective Function)

'I’(xij) = pi].E[min(xi]-, Dii)] + s4E [(xij - Dii)+] = CijXij

(16)

-:4' + '
IWEJV] (xij_Dij) :max((xij—Di,-),O) BUIYAITUIN

U
o

ATLNEATENIUSINUNTA e AUMaUUSINAIY
Aean15veddudn azdesdianduAivinusequeiaus
Dk IUSHNAINABINNSYREUANRTININAINUS U

oy
o Y &

ASAIYOFUAINAIL
NSAIUINRILUY Newsvendor 9 unaun1sAuIn
Mnaunseaselud
1) N15A1UIU Overage Cost (C,) hag Underage Cost
(C)

oij = Cij ~Sij (17)

= Pij — Cyj (18)

uij
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2) MIAUINIATIEININGA (Critical Ratio) wag

Safety factor
Critical Rati Cuy (19)
ritical Ratio =
Cugy+Coy;
Cuy;
Safety factor k;; = ®7'(— 1) (20)
u;itCoy;

3) 113AUI Order Quantity

xi]- = MU + kijo'ij (21)

nslafsndulu Excel @mnsam Order Quantity 19

Tnglgilendu
NORM.INV(Critical Ratio, p;;, 0y;) (22)

4) N13AUIA Standardizing

_ iy Hy
Zij = i) (23)
5) n15AId Normal Loss Function
+

L(z;) = ¢(zi)) — z;;(1 = ©(z)) (25)

aunsaleentuilly Excel %1 Normal Loss Function
Tolaglgilandu

NORM.S.DIST(Z;1,0) - Z;j(1-NORM.S.DIST(Z;1,1)) (26)

6) N13AUIN Expected Lost Sales
E [(Dl] — xl-j)+] = O-ijL(Zij) (27)

7) NM3AUIN Expected Sales

Expected Sales = Expected Demand - Expected Lost Sales

E[min(x;;, D)) = E[Dy] - E[(Dy —x;)"] (28

8) N3AUIN Expected Leftovers

Expected Leftovers = Order Quantity — Expected

Sales

E[(xl-j - Di]')+] = xi]- - E[min(xij, DU)] (29)

9) N13ATUIA Expected Salvage

Expected Salvage = s;;E [(xij - Dij)+] (30)

10) N13AUIA Expected Revenue
Expected Revenue = p;;E[min(x;;, D;;)] (31)
11) n1sAa Cost

Cost = Cijxij (32)

5. Wisueuselanazilsvesuseniuuleune
nsdsdeduduuuiuarulouIen1sd s oduAuuy
Tl wagldfiaussavsnmuesdudaands

dewuinulouienisdedsduduuulndfings
Weuensdadeduduuuiiy Setaundsulounell
THfRasansInnUEaaauA1sINee a1ulute 6

6. Uszand Simulation fuuleuien1sdsdodue

-
o

wuukiy wleunensaededuauuulnduazulauienis
duoduduuy Optimization T8sM3eANULTASAUAN
Tnenswiulguienisdedenuy Optimization il a1
Suunsdadefivildldilanniian Tasfwunauns

91l

kUit (Input Variables)

D;; = UTunaanudean1svesdualuyeggnia
Smieaudluggmai j Tunguaudii i

diji = UTHIUAMNABINITYRIFUAUYIINITINY
WwadAudveudoud k luggniad j lungududn
i

Lij = USunasdudiudenounmsdnaugadaudves
Woud k Tuggma j Tunguaudi i

¢y = funusiomevesdumluggniad j lungududn
fii

py; = 1ldreaniisvesduailugieganiadiniig
dudnlungniad j lunquaudnii i

sk = MelareniieresdualugiansInugad
ufveudoudl k luggniad j lunguaudidi i

Ey = anldarelunmsdnsumadauieaiioud k Tu
qgnadl j lunguaudndi i

Toeit i=1,23

j=1,2,34
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k=1,2,3..,n :n=3UUfouninauLLasaue
(=1,2,3,..,m ;m=31UIUTBUNITNG1UDINT

31999

frwlsandula (Decision Variables)

x;; = USuun1sd @ evesdunluggniai j lungy
AU i

aun1si1uung (Objective Function)

Max Average Profit =

Y1z, pij[min(x;; Dyj
213212}%:1[ =1 }[ ( ] ])]+

m

n Zizalsir[min(Lijkdiji)]~Eijk]

k=1 m — CijXij
(33)
983119 (Constraints)
Lifl = xl']' - min (xi]', DU) (34)

Liji = Lije—1y — min (Lije—1), dijk-1)) (35)

i k=2,34,..,n

7. W3gulisunis Simulation Auuleuienis
Fieauduvuiiy Wleuionisdededuduuulniay

ulgu18N5FTeAUAILUY Optimization U94A15INIU

v
o

WanauAT wazlueng

[

TAUSEANTANUDIFUAIAIANT

4. NANSAIUGIUIY

4.1 wavnn1sNeINsalRieIsaeqlagldlusunsuy R
Studio

1AENANITNEINITAUNLAT MAPE SNanvadus

AZNAUAUA LARIFINNTIN 1

AN 1 Nan1INeINTaN A1 MAPE Aidauagen

RMSE vadusiagngudum

Category Forecasting Method MAPE RMSE
Accessories SES 34.77347 75.9613
Clothing SES 62.09337 248.0212
Shoes ETS(M,N,N) 32.46844 | 1024.2360

4.2 HansAUINANTEIULNIATFIUVRIRUAARS

a9n1a

USUNaUALABINSAUAMAL AT EaLUY
UINTFIUVRIANIAA Ul NENFUAT wAnIR

AN5197 2 way 3

A15197 2 USUauANUABINISAUALAL AL T8

wnsguvesalulinduasagseulunsazngudud

aqlu'liwg (SP) agsau (SU)
NRNFUA
Mean RMSE Mean RMSE
Accessories 116.64 45.36 116.64 27.64
Clothing 339.72 91.28 339.72 196.72
Shoes 4177.00 | 945.00 | 4177.00 | 1017.00

A15197 3 USUNauPnuABInIsauALarA Jeauu

wnsguvenglulisiwasgarunluidagngudud

aqlu'lis9 (FA) aquu1l (HO)
ARURUAY
Mean RMSE Mean RMSE
Accessories 116.64 140.36 116.64 23.64
Clothing 339.72 406.28 339.72 184.28
Shoes 4177.00 | 1080.00 | 4177.00 1050.00

4.3 uafaluu Newsvendor vasduAudazganIa

Y
o

AMTIATIZFIUSIN NS T e T au LAY
Mlsfimnaeslauresiinuy Newsvendor Wanasis
AN5197 4 way 5 avldUSunanisddeduduasiilsd
Arndarla U el w2563 Ao 25213 G u waz
37,177,277.44 U




Thai Journal of Operations Research: TJOR Vol 10 No 1 (January - June 2022)

oy
o

M15799 4 USU1aUNSEIRaMuUNe aNURIduA LAY

Q@ﬂ?ﬁ
. anadedaviivanzan | smmsdeda
aaMa EFET] _ _
aiu adu
Accessories 175
aQlu'ling (SP) Clothing 457 6,021
Shoes 5,389
Accessories 153
ag3au (SU) Clothing 592 6,226
Shoes 5,481
Accessories 297
aqlulaisi (FA) Clothing 861 6,720
Shoes 5,562
Accessories 147
aQuu (HO) Clothing 576 6,246
Shoes 5,523
uiounn 25,213

A5 5 Mlsfinndnaglasuvesdumusazggnia

L |Asvieesnasiedul samdlsiienainaiedu
LEGRE] nFNAUAT
et} Tt}

Accessories 48,009.88

anlu'lina (SP) Clothing 442,594.07 9,413,673.98
Shoes 8,923,070.03
Accessories 48,960.97

agsau (SU) Clothing 327,130.92 9,288,946.63
Shoes 8,912,854.73
Accessories 40,789.20

aqlulise (FA) Clothing 315,139.19 9,015,379.16
Shoes 8,659,450.77
Accessories 64,743.86

ag1u1 (HO) Clothing 412,156.82 9,459,277.67
Shoes 8,982,376.99

suvionun 37,177,277.44

4.4 wan1siUseuiisusielanasnilsvasusennu

¥
=1

ylauren1saadadudrnuuinwazulaulenisa e

Fuduwuulng

nswssuiisunarilssernaleunenisdde
Fuduuuiuiuulouiensd st eauduuulnsved
2563 11U uleurenisded eduduuutiuvinrnlsle
27,798,291.28 U wazulgunenisdsdeauduul
Yrnlsle 28,373.973.77 UMW WanefannT1e9 6 azidiy
Iauleunenisdededuduuulniduliinlsuanng
ulouan3ded oAuALUULANSIL 575,682.49 YW

AlsinTudadu 2.07%
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o

¥

o
o

A15197 6 nMswSeuifisurarlsserinalouienisdadeduiuuuipuiuulsunsnsdsdoauduwuull
Funsdeda (?‘fu) . o . A'ls (un)
Frununanele
a0nIx ()

uTenneatuulay | ulaunawuuln UTLN AL UULEN uTaneatuulni
aalu'lind (SP) 7,143 6,021 3,825 7,125,874.40 7,347,463.31
aasau (SU) 7,190 6,226 3,392 6,482,097.96 6,638,268.56
aalulisiv (FA) 7,350 6,720 4,100 7,070,920.03 7,165,850.34
anu1l (HO) 7,071 6,246 3,744 7,119,398.90 7,222,391.57
Total 28,754 25,213 15,061 27,798,291.28 | 28,373,973.77

4.5 n13Us28ne Simulation Nuuleuren1sd 990

FuAruuuiy uleunenisa e aduarwuulutnas

D2
o AN

ulgu18n15§9%odUAILUY Optimization ¥89n15390

b4

ULAFFUAT

15 Simulation AUEA1UA5I7 LAAT URY
vsEmnsaline saluaaiunisalnnssnsminedudn
1uﬂaqq@ﬂwaLLaswé’qq@ﬂﬁaﬁy’u Inen13 Simulation 94
ulsnnensdsdeduduvuiiy alddoyauiumnis
§doauAiiAind uaswesusEnnsadnen Tngas

endegdlunguduAnIasseiunandlananisan 7

U2
o

A5 Simulation WlgU18ANTHITDRUALUULAL

U
o

AN5197 7 A1 Simulation Yeulgunenis

n13 Simulation vasulouten sd i eduduuulnal
USumn1sd @ edud1uainnistszy nefldianuy
Newsvendor weana udud1La3 sausesuLansldda
15199 8 uAzN1s Simulation YesuleuIEN1TEITo
dUALUY Optimization 1191NA19A ALUAIAILUY
Newsvendor ﬁugmuaz Solver Tun1snmuaUTu
nsdstedudiiielildflsnniian Tnednsfinnsmn
N33nugadduAmamunganadnTINlualg veq
nauduria3esUseRuvesnqluliing (SP) uansleids

A15197 9

WoAUALUUANYDINFUFUALATOIUTEAU

A B C D E F G H

11 Decision variable
12 Order quantity 3730
13
14 Simulated Quantities At regular price
15 Year Season ‘ Order ‘ Unit Cost Cost Demand‘ Sales ‘Selling price Revenue
16 2563 SP 648 1,680.41 B 1,088,905.68 431 431 3,055.29 B1,316,829.99
17 2563 suU 835 1,326.76 B 1,107,844.60 143 143 2,412.29 B 344,957.47
18 2563 FA 1093 147863 B 1,616,142.59 746 746 2,688.42 B2,005,561.32
19 2563 HO 1154 165826 B 1,913,632.04 524 524 3,015.02 B1,579,870.48
20 Total 3730 B 5,726,524.91 1844 1844 B5,247,219.26

J K L M N 0 P Q R s AW AX AY AZ BA

At sale price (Month 1°9)

At sale price (Month 2"%)

At sale price (Month 10™)
Profit

15 Left over‘ Sales |Discount price |[Event Cost| Revenue

Left over‘ Sales ‘Discount price |[Event Cost| Revenue

Left over‘ Sales |Dis-:ount price| Revenue

16 208 35 494.86 B1,520.00 B15,800.10
17 327 35 489.00 B1,520.00 B15,595.00
18 21 35 507.65 B1,520.00 B16,247.75
19 301 35 642.11 B 1,520.00 B20,953.68
1047 140 B6,080.00 B68,596.53

173
292
176
266
907

35
35
35
35

20 140

395.89
391.20
406.12
513.68

B1520.00 B13,856.08 0 0 296.92 B B 29,555.73
B1,520.00 B13,692.00 12 12 293.40 B$3,520.80 -B 32,033.60
B1520.00 B14,214.20 0 0 304.59 B B 73,005.36
B1,520.00 B17,978.94 0 0 385.26 B -B  30,926.24

B6,080.00 B59,741.22 12 12 B3,520.80 B 39,601.25
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A5 Simulation WlgU8N15ATAUA MU U]

U2
o

M1524% 8 N3 Simulation vasulguensdgedumtuundvanguduaasosEaU

A B C D E F G H
11 Decision variable
12 Order quantity 772
13
14 Simulated quantities At regular price
15 Year ‘ Season ‘ Order ‘ Unit Cost ‘ Cost Demand‘ Sales ‘ Selling price| Revenue
16 2563 SP 175 544.35 B 95,261.25 162 162 989.72 B160,334.64
17 2563 SuU 153 537.90 B 82,298.70 89 89 978.00 B 87,042.00
18 2563 FA 297 558.41 B 165,847.77 257 257 1,015.30 B260,932.10
19 2563 HO 147 706.31 B 103,827.57 93 93 1,284.21 B119,431.53
20 Total 772 B 447,235.29 601 601 B627,740.27
J K L M N (0] E Q R S T
1
12
13
i At sale price (Month 1) At sale price (Month 2"%) brofit
rofi
15 Left over| Sales | Discount price| Event Cost| Revenue |Left over| Sales | Discount price Event Cost| Revenue
16 13 13 494.86 B 1,520.00 B 4,913.18 0 0 395.89 B - B - B 69,986.57
17 64 35 489.00 B 1,520.00 B15,595.00 29 29 391.20 B 1,520.00 B11,34480 B 31,683.10
18 40 35 507.65 B 1,520.00 B16,247.75 5 5 406.12 B 1,520.00 B 2,030.60 B 113,362.68
19 54 35 642.11 B 1,520.00 [B20,953.68 19 19 513.68 B 1,520.00 B 9,760.00 B 46,317.63
20 171 118 B6,080.00 B57,709.61 53 53 B4,560.00 B23,135.40 B261,349.98

U
a v

113 Simulation UlgU18NIARORUAILUY Optimization

A3ANUIMT Sample Size Determination A1N&ANNNT

4 x (Estimated standard deviation)?
n =
B2

Iﬂ‘aﬁ Estimated standard deviation = Standard deviation 984 Profit ﬁiﬁﬁ]’mm‘i Simulation

B = half-length n1sildsundasvesmlsldifunnmun

v
g a v

M1319% 9 113 Simulation Yauleu1enN1sdWeAUAILUU Optimization TunguduAa3oaUseau (Accessories)

voegatuliing (SP)

Summary measures for simulation below 95% confidence interval for expected profit half-length B 3,995.16
Average Profit B 42,192.45 2s/Vn B 1,997.58 Assume half-length B 2,000.00
Stdev of profit B 22,333.60 Lower limit B 40,194.87 Sample Size Determination 499
Minimum profit  -B 39,824.30 Upper limit B 44,190.03 4 x (Estimated standard deviation)?

n =

Maximum profit B 65,078.23 n (Replications) 500 B2




Thai Journal of Operations Research: TJOR Vol 10 No 1 (January - June 2022)

A B C D E F G H J

15 | Decision variable
16 | Order quantity 146
17
1g | Simulated quantities At regular price
19 Replication ‘ Year ‘Season‘ Order ‘ Unit CDSt‘ Cost Demand‘ Sales ‘Selling price| Revenue
20 1 2563 SP 146 544.35 B79,541.36 37 37 989.72 B 36,748.81
21 2 2563 SP 146 544 .35 B79,541.36 103 103 989.72 B 101,815.29
22 3 2563 SP 146 544 .35 B79,541.36 70 70 989.72 B 69,671.64
23 4 2563 SP 146 544 .35 B79,541.36 173 146 989.72 B 144,619.58
24 5 2563 SP 146 544 .35 B79,541.36 70 70 989.72 B 69,402.61
25 6 2563 SP 146 544 .35 B79,541.36 92 92 989.72 B 91,112.29
26 7 2563 SP 146 544.35 B79,541.36 108 108 989.72 B 106,497.34
27 8 2563 SP 146 544 .35 B79,541.36 58 58 989.72 B 57,77047
28 9 2563 SP 146 544.35 B79,541.36 170 146 989.72 B 144,619.58
29 10 2563 SP 146 544 .35 B79,541.36 129 129 989.72 B 127,960.26
510 491 2563 SP 146 544 .35 B79,541.36 52 52 989.72 B 50,983.59
511 492 2563 SP 146 544 .35 B79,541.36 211 146 989.72 B 144,619.58
512 493 2563 SP 146 544 .35 B79,541.36 70 70 989.72 B 6€8,913.59
513 494 2563 SP 146 544 .35 B79,541.36 55 55 989.72 B 54,515.76
514 495 2563 SP 146 544 .35 B79,541.36 133 133 989.72 B 131,841.57
515 456 2563 SP 146 544 .35 B79,541.36 67 67 989.72 B 66,677.07
516 497 2563 SP 146 544 .35 B79,541.36 123 123 989.72 B 122,045.48
517 498 2563 SP 146 544 .35 B79,541.36 62 62 989.72 B 61,447.08
518 499 2563 SP 146 544 .35 B79,541.36 119 119 989.72 B 117,919.45
519 500 2563 SP 146 544 .35 B79,541.36 161 146 989.72 B 144,619.58

K L M N 0 P AR AS AT AU AV AW
15
16
17 B 8,238.70 B 21.82
. At sale price (Month 1°) At sale price (Month 7'") orofit
1o Left over [Demand|Sales|Discount price[Event Cost] Revenue |Left over|Demand|Sales|Discount price] Revenue
20| 108 59 59 494.86 B1,520.00 B27,876.99 0 67 0 296.92 B - -B  1,325.24
21 43 -4 0 494.86 B1,520.00 -B 1,520.00 0 -25 0 296,92 B - B 36,355.65
2| 76 19 19 494.86 B1,520.00 B 8,044.21 0 55 0 296.92 B - B 16,684.43
23 0 12 0 494.86 B - B - 0 41 0 296.92 B - B 65,078.23
24| 76 40 40 494.86 B1,520.00 B18,167.07 0 -85 0 296.92 B - B 16,022.33
25| 54 34 34 494.86 B1,520.00 B$15,210.25 0 16 0 296.92 B - B 33,279.90
26| 39 -18 0 494.86 B1,520.00 -B 1,520.00 0 32 0 296.92 B - B 35623.59
27| 88 30 30 494.86 B1,520.00 [$13,452.79 0 84 0 296.92 B - B 685039
28 0 -1 0 494.86 B - B - 0 71 0 296.92 B - B 65078.23
29| 17 15 15 494.86 B1,520.00 B 5,928.11 0 50 0 296.92 B - B 51,835.95
510 95 105 95 494.86 B1,520.00 B45,298.00 0 14 0 296,92 B - B 16,740.23
511 0 6 0 494.86 B - B - 0 48 0 296.92 B - B 65078.23
512| 76 58 58 494.86 B1,520.00 B27,375.45 0 31 0 296.92 B - B 2239372
513 91 21 21 494.86 B1,520.00 B 8,910.49 0 47 0 296.92 B - B 405794
514 13 11 1 494.86 B1,520.00 B 3,986.83 0 63 0 296.92 B - B 5547279
515 79 23 23 494.86 B1,520.00 B 9,948.07 0 55 0 296.92 B - B 17,566.34
516 23 38 23 494.86 B1,520.00 B 9,767.06 0 62 0 296.92 B - B 5227117
517| 84 29 29 494.86 B1,520.00 B12,902.63 0 62 0 296.92 B B 10,543.46
518 27 2 2 494.86 B1,520.00 -B  413.87 0 128 0 296.92 B - B 42,270.59
519) 0 71 0 494.86 B - B - 0 41 0 296,92 B - B 65078.23
nan1sAIUNlsUleu1en ST o AUALUURNLEARIR15197 10 Wlgunen1sdededumuuulrliansnnisned

11 wazulguignisade
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A15799 10 Han1ls31nn1s Simulation YaIUlgUIBNTHFIDEUALUULAL

Revenue at Revenue at Order "
Category Cost regular price Sale price Demand Quantity Profit
Shoes B 63,702,544.54 | B 62,520,583.69 | B 18,606,409.18 | 12,616 23,376 | B 17,424,448.33
Accessories | B 964,797.92 | B 627,740.27 | B 376,658.90 601 1,648 B 39,601.25
Clothing B 5,726,52491 | B 5,247,219.26 | B 1,718,827.22 1,844 3,730 B 1,239,521.57
Total | B70,393,867.37 | B68,395,543.22 | B20,701,895.30 | 15,061 | 28,754 | B18,703,571.15
Wlguensdsdedusuuyll
3197 11 warlsa1nns Simulation vasuleunensdageauduuull
Revenue at Revenue at Order "
Category Cost regular price Sale price Demand Quantity Profit
Shoes B 59,832,482.00 | B 62,520,583.69 | B 16,495,467.42 | 12,616 21,955 B 19,183,569.11
Accessories | B 447,235.29 | B 627,740.27 | B 80,845.00 | 601 772 | B 261,349.98
Clothing B 3,781,647.48 | B 5,247,219.26 | B 603,247.17 1,844 2,486 B 2,068,818.95
Total B64,061,364.77 | B68,395,543.22 | B17,179,559.60 | 15,061 | 25,213 | B21,513,738.05
Wlau1en13dsgeduduuy Optimization
5797 12 warhlseinnns Simulation veaulutenisdsdedu U Optimization
Average Average Order
Category Cost Revenue at Revenue Demand . Average Profit
. - Quantity
regular price | at Sale price
Shoes B 51,518,338.05 | B 78,949,838.73 | B5,674,222.95 16,721 18,901 B 33,105,723.63
Accessories | B 369,884.38 | B 483,097.39 | B 66,085.00 472 638 B 179,294.23
Clothing | B 2,458,632.33 | B 3,254,584.73 | B 441,165.31 | 1,341 1,602 | B 1,237,117.72
Total B54,346,854.76 | B82,687,520.85 | B6,181,473.26 | 18,534 21,141 | B 34,522,135.58
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5. a3UNaNISANTNUITY uasdalauauus

ATIATILRINNAILUY Newsvendor 31U
nsdsdenidvesnilouisnisdsdeuuuii tude
PNTIUMITHITe 28,7564 Tu anaunde 25,213 Tu
Fruunsdad eanas 3,541 Ju Amdu 12.31% way
Weunensddedumuuuiiuyiiilsle 27,798,291.28
v war yleunenisded odudtuuulngdvindnlslg
28,373,973.77 U WAAIFIN1T197 6 9vLi ulea
Wenensddeaumuuulmituliiilsunninleue
nMsdedeAuduuULANT 575,682.49 U7 Alsifisiy
A 2.07%

dlefinsifivanunisaivesusemiiiinnsdnau
WwadAudinn yarnduiazanaados 4 eiasiu
1 Fwhlidensasieseliannyadwinladesndinis

ANUINLALIB UM ILUU Newsvendor 919614

oy
o

10151915 Simulation AUAIUAISAINISIRULLAS
duamng ieududurilunsazggnianunaives
YlgugN15A9YFUALUULAL WBUIENTAIYDEUAT

a v

wuulul wazuleuren1sds@eduA1uu Optimization

az1iula 11 uleurenisd 9@ owuy Optimization il

v ai

TUMTdTenvesian Av 21,141 YU anagaIN

wlouienisdadouuuiiy 7,613 3u Amdu 26.48%
wlovnensdsd eduduuuiduimls 18,703,571.15
v wleuren1sd ad edudwvulng Trnls
21,513,738.05 U mlsuinduainulevienisdsde
WUULAY 2,810,166.90 U Ao 15.02% wazulgune
n13d 99 auuy Optimization 1 " lsu1nd gn
34,522,135.58 U 4 44 r1lsu1nd uannuleuienis
defouuuiiu 15,818,564.43 uw Aniiu 84.58% wans

AT 13 uazgui 2

15199 13 MsSuiieudnuiunsd@eiuduazinlsvaausdavulousluusasngudud

Order Quantity Profit
Category Company New Optimization Company New Policy Optimization
Policy Policy Policy Policy Policy
Shoes 23,376 21,955 18,901 B17,424,448.33 | B 19,183,569.11 | B 33,105,723.63
Accessories 1,648 772 638 B 39,601.25 | B 261,349.98 | B 179,294.23
Clothing 3,730 2,486 1,602 B 1,239,521.57 | B 2,068,818.95 | B 1,237,117.72
Total 28,754 25,213 21,141 B18,703,571.15 | B 21,513,738.05 | B 34,522,135.58

asifuuieudnounsdadeiuiuazilsszihaluneeuude sudTd iaziuy Optimization

Profit Order Quantity

#40,000,000.00 35,000
534,522,135.58

535,000,000.00 28,754 30,000

25,213
25,000
21,141
$21,513,738.05

20,000
#18,703,571.15

530,000,000.00
25,000,000.00
520,000,000.00
15,000

15,000,000.00
10,000

10,000,000.00
#5,000,000.00 5,000

- o

Policy Company New Palicy Optimization

Profit ~e—Order Quantity

a v

JUN 2 maleuiisudnuumsdsweduduasilsves

weazulauie

v
g a v '
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¥
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Optimization anas AINAIHIIUIUAUAIAIAG
‘17fvmwa‘”@qama%’mﬂ'mﬂ’mﬁuﬁwfuaﬂaqﬁqEJ WERIAS
ms1af 14 uay 15 Taeflsndaussavsnwuosdudnag
AR LARITIA5 19T 16 Fanslduloutenisdede
LLU‘ULﬁmﬁuﬁﬁué’wc‘ﬂqwﬁamﬁaaeﬁwm 13,693 $u A3
fonsesAudnmds 1091 Weu mslduluunenisdade
LLUUIwﬂﬁ?iuﬁﬂmﬂé’am%aagﬁgmm 10,152 Fu nsie
AT8IAUAIAIARY 8.09 LHBU anasannstauleulenis
& pAuduuuiiy waznsldulouienisdsdeuuy
Optimization ﬁﬁuﬁmmﬁamﬁaaqﬁwm 6,080 Fu
A150DATBNAUAIAIARY 4.84 LADYU anadaInNNIThYy
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guamuuuln wazuansnisilSeuiisuresunazuleuiy
ﬂﬁﬁl’d%@auﬁﬂﬁﬁuﬁfﬂdgﬂﬁ 3 anansliiuinnislas
LUYU Newsvendor tag Optimization Wu arwnsaan
Fuunmsdstelidesadd ddunulunisdnerdudn
anas Jaumninaundotosas Lazdwaliinnisasns

mlslaunnau

A1519% 14 uUnSdwedunvesurazulauulay

ganveTiinTuasdluusiazgania

Funumsdedia ()
naMa Wlamau Snuitanete (du)
wlonauudy | wlenowbui | 0 L

Aqlu'bina (SP) 7,143 6,021 5,368 3,825
qQ3au (SU) 7,190 6,226 5,253 3392
Aqlubisre (FA) 7,350 6,720 5,292 4,100
9quu1 (HO) 7,071 6,246 5,228 3,744

Hukovua 28,754 25,213 21,141 15,061

M159 15 UILFUMAIRRIMEIIN1ANITIAT MY

Fuiveawiazulougluusazggnia

Innududiasads (du)
aama ulanauuién | ulaunauuu kg uiz!u'l_um:lu
Optimization
aaluling (SP) 3,318 2,196 1,543
qa3au (SU) 3,798 2,834 1,861
naluliishe (FA) 3,250 2,620 1,192
aauun (HO) 3,327 2,502 1,484
smionun 13,693 10,152 6,080

d‘ J N de v g 13
AITNN 16 ITUIULABUN ﬁUWﬁﬂﬂﬂaﬂQﬂLﬂUl’ﬂu

ARIAUAT
Inventory Month
Aaama o awuéy | ulounauuulul u‘h!u‘!mu:lu
Optimization
aalu'lina (SP) 2.60 1.72 1.21
aasau (SU) 3.36 2.51 1.65
aalulisre (FA) 2.38 1.92 0.87
a9uu1 (HO) 2.67 2.00 1.19
Suiouun 10.91 8.09 4.84

iTedldlddmuvunismeinsaioynsuand
aunsadifauuugeslaunnune wu ETS § 18 dauuu
g98 (Error 2 WUU X Trend 3 LUU X Seasonal 3 WUv)
uRagAlLuLg ey anusaia1usuiseulavainvane
viueuieaiu ARIMA(p,d,q) A p,d,q lavainuane
atislsfmiielnlaa MAPE waz RMSE si1as @1u15a
NITTWUIRILUUNEINTl WUUnnaDeY (Regression)

weNINToyaAUABINTTAUANLUDAN
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msnouieudaunsdade $110uFUMAINEGI 1AL Inventory Month

woaulonanuw@n Weaesuulnl tazulensnuy Optimization
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8,000 4.00

4,000 2.00
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2,000 1.00

1,000 0.50

0.00
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Inventory Month ulguAauuu Optimization
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naUTEAIALN

o

uATeis UNAUDITNITAT1ULIAZAALA (Row-and-column generation) LagW1N1S
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dependent-column generation, RDCG) haz 1§ N1585 19107 Futvanus (Column-dependent-column
generation, CORG) IngauszAvBamussusiagiSnmssnenanmyesiney uasszaznanildlunsyszanana an
nsuAtdymimuanisiaduvuinlvg (Large-scale linear programming problem) wudnievuiaiymvuin
ngjiufatimis asshliisnmsuuuduguldanmsomneulfidomndadiiaveminensuazsis 4 35013
Tnunmvedneuilndidssiy udaziinnuunnsislusnuvesszeznanildlunisuszuanadsisnsaiaun
Futvanusildsrevnanlunsuszananalaends (Average processing time) m‘l’wﬁqﬂ wazluunvenaifiufiole
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Abstract

This research studied the methods to solve linear programming by simultaneous row-and-column
generation approach and compared efficiency among 4 methods: Linear Programming with Full Model
(LPFM), Switching Row-and-Column Generation (SRCG), Row-Dependent-Column Generation (RDCG) and
Column-Dependent-Column  Generation (CDRG). The study compares optimal objective value and
processing time when solving large-scale linear programming problem. The result showed that some of
large-scale linear programming problems cannot solve using LPFM directly due to out-of-core memory. The
solutions quality solved by each method is the same. However, there are differences in processing time in
which RDCG provided optimal solutions with the least average processing time. And in the last chapter
recommended to store some unused data from the primary storage to the secondary storage to free up

the space of the main memory. Which was found to be able to solve larger problems.
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1. A1
\Dufidiuindagtuldidngaiddeyaumiaa
(Big Data) FsviangasAnsdiosnsfiazthidoyadsnan
uhandiesgiaimingauiian (Optimization)
ilofaziiindnenmlunisudsduliiunuies dsns
ideyaummaniiasie avdmalviddnnuiuls
wazifouladrurunin daduisduduiiasdad
Lﬂ%"'adﬁaLﬁ'a%ﬂhwwﬁmauﬁ'ﬁﬁ'qm (Optimal
solution) lunsifisszavd-nmnlunsmeney
nfinanundumaliiianisduaiiide
vanegUuUUstaeiaUssansnlunsdney
DT ToN158IAEAN (Heuristic Algorithm) [7 - 8]

SLumnganin (Meta-heuristic Algorithm) [9 - 10]

L))

warIsn1suusgae gy (Decomposition algorithm)
[1-6] dmsunisuntedyninanan uwnd1msu
iTedazsadiuluiidgmimuanmadadumun
Iua) (Large-scale linear programming, LSLP)

< o

Wungiuinnisunteym LSLP lagdgnismss
Uy LGTJJ?U‘U (Full model of linear programming,
FMLP) duasldsvesinauasninennsiduogrannly
nMsUsTINaNEa 9819913809 [4] wag [6] laudns
TiuIsnsuAdamiinuanisifadu (Linear
Programming, LP) #1835 n15assuuufiaguuuuld
szevafiuIunIIsiangmeduiigminanuiuld
Tneeuves [4] laldisnisasisadmiunis
wAtyminsdnassiiuasuiedany lunsddil
Frurmioule (Constraint) 11n1A3151UIUA LS
Andula (Decision Variable) 11n9 wazsuwes [6] 16
T nsasvanufdmsunsuAdynn1Tinas st
aauidedany lunsdfdd1urududsdadula
unnsaudeuluanng
ﬁm%’wm%&ﬁ%ﬁﬂmﬂz:ymma‘jﬁﬁﬁ?ﬂmu
Goulvwasdauusdadulannnifiudasidaees
wiheausmdn msdnwlunuddetuisaduns
WiBNALNAT T AN 21nn13tIBnnsadsanus
waTATIMAIMINAE NS LuNITUTTENALTWAT gy

wiondudu 3 38n1s neldnudnuvauzUangesasly

= ' a ° (Y

50 W nsdfiTwauiuusinninduiutesise
wiosuudesitauinniafauds wieneaosendl
Usnadldumnsnaiuunn deasSeuiisudunisnis
Lﬁ{]mmmmumﬁugﬂ (Linear programming with
full model) luiswasann nAmeay (Fitness value)
wavszezhaiidlunsussianalaeiads (Average

processing time)

2. YUNBUIATNNFIVY

o

Il

o

WAUDITNITUATYIIMAUANITLTS
wuruelvg Ae38s 4 JUluu fis I5MIesaiuy
LG?;J@J‘U (Linear Programming with Full Model,
LPFM) 38158 uni1sasisunitazanus (Switching
row-and-column generation, SRCG) 75 N15&5 14
daua T ununa ( Row-dependent-column
generation, RDCG) waz3anisadraunad uivanus
( Column-dependent-column generation, CDRG)
wazdnuszdninmveusazisnisiienunINves

AMBU LaYsresallunsUseuiana

2.1 WUUIBRINNAGIAFEASUUUHANGY
(Mathematical Model: Full Model)

NUITEL LA NIUUANITAT 1B UUINADINI

ANNFAIEASYUIN MXN Fansnsaunisaanabuil

Minimize Z = Y)_; —¢x; (1)

Yy aijx; < b 12 . M@
520 i=12..,N O

oefl 7 fie Andhwanevesuudiaewuuiiugy

& 1

¢; Ao duUsyanSN j vesaunsi g v,
x; Ao Fudsdndulan j ;v;
a;; Ao dulsdvisveadoulen i dmsudiuys

V]j ;Vij

b, Ao Adinvesoulud i ; Vv,
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91naun1sf (1) - (3) Wunuusiaemis
AdlaAIasLULANU (Full Model) 1119 MXN 1ng
aun1si (1) wamsaun1std1vuney (Objective
function) Yo ILUUTI@0INIAM AAIERS T 95
Soguszasdiiiomdneuliiir1fosiian saunisi
(2) uanITedA A (Constraint) YL UUTIABY LAY
gaunsfi (3) WiervuaasuUsdeduladediios

A1 0

2.2 yuudnaswastyniday (Mathematical
Model: Sub Problem)

NUUUTI0IN A AAIAATUUULRUFUT
YuIn MXN agvini1sgesdayniduauin mxn
Weldesenmsudlatlym nanrelgwdesudu

wm (Subset) vaslgymuuuidiugy

Minimize Z' = Y}, —cpxx @
Yk=10ri X < by ro= 1,2, ...,m;)
X 20 Vi ©)

Toenl 7' Ap Andhunievesiuuinasslymdeae

a

¢, Ao dUUTEANSN k vesaunisidinung
k=1,...,n
x;, Ao fuusanaulai k;k=1,..,n

-:4 o a £ d' ::4' ° Y
Ay AB amﬂigamﬁsﬂaﬂwau‘ls{]m r @1UIUN

WU k 5V,

b, Ao Ardritnvesdeuleii r; v,

PNaunTi (@) - (6) Wudnvuzaesilym
gosuun mxn tneaun1si (@) wansaunisidvne
P0IUUUTIRDIMIAd AFans vestgyuigon §adl
Foguszasdiilemenelifidlesiian eaunisi
(5) LansTaInArILUUTIanvelymigay wag
gaunisi (6) Wiefvunefudsinauladedlites

A1 0

2.3 wuudnassvesdymeniu (Mathematical
Model: Duality Problem)

W DM ANTUILUUIIABINIIAAATARNS LU

sk (Primal Problem) vastgymgagiunnuas
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W
Yuilaymngaau (Dual problem) I¥aunseoluid

Minimize W = Y%, b;p; %)

YLiapiz¢ i =12,..,n ®

p; =20 ji=12,..,m O

lagft - W fie Andwngveawuudnaswveslymg
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aun1si (7 wansaun15d 1Mu18ve9
wuusiaeamsadaaiansvostaymgaiu dadu
Fuuszansvosaunisidmuneferiguun (Right
hand side, RHS) maaaaumﬁeﬁaﬁwﬁmaaﬂmmﬁy’aLﬁu
(5) waguwusandulaveslgyninaivde Al
(shadow price, p;) mauwuaﬁ’waamumﬁugﬂ §1917
gaun157 (8) wansaun1stedniaveslymdaiu lng
AM19921 (RHS) wosilgymgauAeduuszanives
aunsil (1) SIufuAdeaiineveteaunIsizaonndo
fueaunsit (6) waveaunisi (9) wiiernuad1sa
wUsinaulagedliiosnin 0 Feflmnuaenadasiu

WAS DMLY RAUNTTN (5)

2.4 wannsuilgyndaenisadteanus (Principle

of column generation approach)

Bnsadanusisuannmsihdymeuades
a819aun37l (4) - (6) wvinsuAtaym Fawadwdd
16 (Output) azlartnuune (Fitness value) ATA7
wusdndula wagAnmsermulsdndulavestym
AR losnmsasianusifunmaiinduysidi
1nnslindnvesmguigaiuanaunisi (7) - 8
TngagnsdeudIn1sAnioureseaunisi (8) &9

IS < o &
LBUUUALNNTANU

Ecolumn = Min{c]- - 2:11 aijpi} ;J=1,..,N (10)
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1087 Ecopumn AO ANTIURETIAAVDINARIITTNINA
N9 pkazAINIeE 19 avaspaun1siauluves

Jaymemu

AnEuNTN (10) wndulsdedulalaiidain
Weulvinniian sggnirsanlvduidymees lae
msassanun Weuimnusitn lUTudgymdes Tay

TR USYAIAUDINITATHEANN A BN SLE BNAILUT

q

U a

Ao & o <@ Y 1
andulandnduaniuuitasswuuiusuidngUaym

gy

2.4.1 nMswSsuiisuuseansSanisnisas1edaun
fudsnisnssuuuingy

a o

Wieliiudeseansamdmsunisudtymi
A9urududsunne fAaeisnsaswanus sy
Tanddaymitaluildluedsed §ddeanuuuns
naaeslidvuiadaymuansiaiy 8 aun Jeaes
NAFDU 1 FUNITNAARY “N/A” wnedslianise
falld Wesmnmieanusmdnlifisme (Out-
of-core mernory) f4m151471 1 &anuin3snnsada
anudauisaliquninvesrinaulalndidusdu
35013 LPEM Snvtedsldinandesniinnuuinnis
naaes sadu it eliiAnadutaaulug e
UszdnSnInn1sniAIneu 393ve1enanITmaadlag
ymsneaesg iy 5 seunisnnass eldnanis
VARDININITIN 2 Fanudnszezaanildluns
Uszunanalaeiad svesisnisadsanusfeendn
s LPM Tunnsdl Bnvadsanunsommadneuly
T fisruruiuusuanld dafutagmaldly
miAfeiannsniniinsafanudlussgndldiiu

UszansSamlunismeaaule

A15799 1 HaansSvaIUsEanSa nvesmnaulu 1 sau
ANSNAABIVDIIONITASEAUATEUAUITNITATINUU
Wingu

ABmanse Anaadreaaud

Fuauda 2821987 2081

Ui Swaukeuly uls dnthmine  Uszunana [unii] Anthvune  Jsanana Bunil]

10 50000 -289.16587 10.54843 -289.16587 0.32134
10 100000 -294.61277 39.72316 -294.61277 0.22348
50 50000 -256.40719 18.89889 -256.40719 0.58067

10 500000 -324.23177 1153.27205 -324.23177 0.33896

1%}
1
2
5
3
6 50 100000 -261.19895 8843738 -261.19895 0.74498
4 10 1000000 -317.0094 4449.32139 -317.0094 0.61156
7 50 500000 26265485 2636.20556  -262.65485 1.77896
8 50 1000000 -262.42872 922570931  -262.42872 255826
9 50 8000000 /A A -269.5359 154.70088
10 80 5000000 N/A NA  -260.82205 34.38280

11 100 5000000 N/A N/A -259.07318 509.13599

A15199 2 NAANSVRITEEEIAN M LUNNSUSENIaNE
TAgLRAgupaIsNITAS 19EANA I8 UAUITNITATILUY
WAy

Y

FBmsase FBmsadeaausd

Fruauda szazaUsTanana szezaUsTNana
it Swoudeuly wls Tnewade [unil] Tneiady [unii]
1 10 50000 7.89064 0.19644
2 10 100000 38.82950 0.19279
5 50 50000 19.61540 0.53788
3 10 500000 1098.75447 0.30851
6 50 100000 93.20430 0.68521
4 10 1000000 4539.17195 0.46050
7 50 500000 2361.35339 1.78414
8 50 1000000 9862.63822 2.60890
9 50 8000000 N/A 184.22584
10 80 5000000 N/A 31.43372
11 100 5000000 N/A 236.06913

2.5 wannsuidgyndaenisadtanas (Principle
of row generation approach)
FBnnsadruansunnnisilymaunindes
8819aun157 () - (6) wvinsuAtaym Fawadwsd
19 azldandmune adudsdndula wazA1amie
Avdulsindvlavesiigmeaiu esannisain
wnndunsifindeuls Tneazasiadeudnisfinidon

2999aUN57 (2) Fadewduauniseadl
Erow = Mln{bl _Zrilz1 ai,-x]-};i = 1, ,M (11)

8N £y, AB ANIURENHAVDINAFANTENINAIN

ilsuazaAmstieioveseaunisioulavestym

o
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Mnaunsi (11) mndeulaledid@nieuly
unfign szgnRarsanliudrgmeos Tasnns
a¥raunn el euludluludgmdes Tny
TagusrasAveansaiiwnifAoninidondoule

o & [ I3 Y 1 1
Judunnuuuinaeswuuiuuiingdymedes

2.5.1 WSeufigudseansnnisnasadrauanu
Wnsnseuuuingy
A Y & e a a o ) v a
WieliiudsUsyavsnindmsunisundeymia

f9uuddeuluning areidnsasiannd dmsu

2
N =2

Tang g luiildlusnuided 3eldesnuuunis
naaesldiauiadgmiuanaeiu 8 auin deaoq
NAFBU 1 FBUNISNARRY A5 3 Fanud1snis
asruaausalinunmvesimeuldlndlAsiu
35013 LPEM Bnitadsldnantiesndinnauinnig
naaes ey vt el naanadmaulug o
UszdnSAImn1sniAIneU 39v81enanIInaadlag
Fnmeasss iy 5 seuntinaans deldnanis
VARDININITI 4 Tanuinszezinaiildlunis
Ussananalngiadsresisnisadisuaitesninisnig
LPFM Tumnsdl Snvtadsanansavmasinouludigm

Afguuleulannnle dedudgmalaluauided

arunsau1TI§nrsasauaaludszy ne ld iy

UsgansSalunismeaaule

a o & a a °
AN5197 3 HaanSYRIUsEANS A NvesAnauly 1 sau
ANSNAABIVBIITNISAS 1L BUAUITNITATILUU

WAy
Y

Bmanse ABmsadeum

Iwauda T2BATEINANA FresINTENIANe

v Swoaudeuly uis Ay [uniil Ay [uniil

50000 10 -161.98822 12.84708 -161.98822 0.09309
100000 10 -142.28526 5228872 -142.28526 0.14483
50000 50 -176.4006 46.38095 -176.4006 0.25681

500000 10 -159.69959 1306.62239  -159.69959 0.12161

1
2
5
3
6 100000 50 -172.98185 24568112 -172.98185 0.27790
4 1000000 10 -155.73181 532763624 -155.73181 0.17431
7 500000 50 -173.25679 673615155 -173.25679 0.76500
8 1000000 50 -173.47545 27006.47334  -173.47545 1.44540
9 8000000 50 /A WA -166.13673 42.21860
10 5000000 80 /A NA - -174.29073 217.31059

11 5000000 100 N/A N/A -177.87075 64.98894

M15199 4 NAANSVBITTELIAT M IUNSUSTUIANA
19eLRA8ISN15AS 1L ABUAUITNITATILUULRY
sU

U

ABnsase FBmsaoum

i szesaszanalag szemaszanalay

adud  Swouideuly uls iy Bunit] iy Buit]

1 50000 10 13.27460 0.05697
100000 10 53.66912 0.10775
50000 50 52.88390 0.33979
500000 10 1367.68030 0.11362
100000 50 24570466 0.30596
1000000 10 5476.77261 0.21058
500000 50 6642.59914 0.83997

1000000 50 27065.45797 1.46140

© ® N A W n N

8000000 50 N/A 39.73759

-
o

5000000 80 N/A 23.03271

-
g

5000000 100 N/A 73.91578

3 YUABUITNITASIIAILALITNITEINS
anus (Simultaneous Row-and-Column

Generation Approach)

Funouisnisnauduneuiinisnisadiounn
wagnsaeanusinuided asdduneuiugud
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' °
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v '
3 =
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WinlvidazaInaen SN duUSEANS L UUINaDIVBS

'
v o = P

Jgymdeelagndesnudiulsuaziiaulafigniden

U
3

nUgnilngy Javinn1sas edudszdns goe
LUUTNADIN A AAIANS A1 NS UITN5AS19adAuA
(a_column) flagifududseandvamniuusinauls
yoauuuTIasuuuLdugUaud ouledi Taoq
WUUSIaesten Jeflaunn mxN wardmiuisnisadis
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3.1 AMsEAUNTES1ULaUATEANA

Tunaudi 1: ydmeuiinfigndmiuilaymees deay
Ionadnsiluandmung Adulsdndula wazaian
wserUsindulavesUymeaiu

Funaudl 2: YIHaSnSALEIURMUILM £gp LAY

ETOW
¥

FUABUT 3: LUSBUT Y Epppmn AT Ergy NN
Ecolumn HAUOENIN £, WINTENTET9ERUA
wannassiutu Tmdisnisasiauen

Sunaud 4: hdupoudt 1 Seduneud 3 g aunse
W € gy WAE €rgy SANLANNTT O
ﬂﬁy’umaﬁ%’msaé’umﬁa%ﬁqLLmLLazamuﬁgmLamﬁagU
i1

3.2 33n1saausTuiuLen

Tunaudl 1: ydmeuiinfigadmiuilamees Geay
Tanaansiduandimng Admudsdndula wagAan
wseAvuUsinaulaveslymeniu

Funaudt 2: TadnETIALURUAUM £uppmn UaY
nsaseanus

Sunaud 3: viuroudt 1 Sedumneud 2 wudh auns
W9 € coumn SANNAT 0

Funauil 4: Unadnsaand lElUMuAUmM &0,
LAZASINLA7

Sunaudl 5: viduneud 1 Seuneudl 4 1useunse
W €50y HAWNNAT O

TNsasanuATURULAIYNIARIRITUT 2

3.2 33n1suandudvanus

Tunauil 1: mimeuiiafigadmiuiymeos Seay
Tanadnsiluandmaneg Awulsdndula wazalan
wseAvulsinaulaveslymeniu

Funaudt 2: tnadnsilalumuaum e, waz
QUERERRTED

Sunaud 3: viunouit 1 Setuneud 2 g aunse
W £, SANMANTN O
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wazyiNITASIEANA

Sunaudl 5: vnduseud 1 Seuneudl 4 1ugheunse
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WA MUY
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column = Fixa column+CT

[€ column,index column] = min

[€ row,index_row] = min{F

WL Index_row

i1 Index_column 8a_column TU Tl

EH (A sub)

WU Index rov

arunhrn A SR LU

Min C'x

Ax c=b

v

SRS ED DT RAAA TAR S

blumn) wred L

Column Generation

Dependent-Row Generation

IR Indes LAY Index

261

WMeat Index

*

[€ column,index column] = min{

+

umn = Pxa column+CT

olumn}

[€ row,index rc

JUN 2 wnustunewisnmsasauaituduanus
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ANWULRBIMTHAERA A AL

HDBEUUUTIGEIWHALAA

maifi (a_column) upgdmasy

faum (s row)

v

e Index row w01 a_row Wikdam
A sub)

wFmaUE RamdTe Uy weay

| :
! 1
! 1
! 1
: iuumil index row w3 AT a column |
| :
| 4 !
! 1
! [E row,index_row] = min{RCC_row} |
1

1 * :
! 1
! 1
1 RCC row=b a rowxy |
! 1
! 1
| 4 !
! 1
! 1
! 1
! 1

AT uae shadow price (p)

€ col= 9599
€ row = 999
O,
Row Generation ﬂ »(
jmmmm e e e - - o

-

Dependent-Column Generation

Wi (A sub)

ey

LRI Index column wa1 ATUBia row

[€ column,index column] =

min{RCC_column}

A

WCC column = Fxa_column+C

JUN 3 wrudstunewdsnisaisanuiTuiueng

4 mseanwuunInaasslandleynn
Wiansinkan1snaase uddeillaasiaand

Py Mdunvvduauasmnuiuluseduavitlily
Audluluning (Dense matrix) Ta911ia dmsunis
vaapsansILInvessIwILteuly M wardiuaui
w3 N Tusazdrufiuunndaus 5000 &4 20,000
wazAsunnsasland s

¢ ~Uni[0.1,1.1]; V; Aednisuanuasuuuginesy
(Uniform Distribution) Ingmuasnlisiii 0.1 wax
laitAu 1.1

a;; ~Uni[1,2]; v;;A9din1suanuasiuug Iviesy
(Uniform Distribution) Tneiwunarlismin 1 uagll
WU 2

b;~Uni[300,401] ; V;Aaiin1suanuasiuvgfinesy
(Uniform Distribution) Tagfuuas1las37 300

waybaiAy 401

FanAwIF (Software)
AFnsuAdaymnivuanisidadu (linprog) uu
MATLAB R2021b vussuuduanislulasyans
Julad (Windows 10 PRO)

gunsal

- Intel i5-4690 3.5 GHZ RAM 8 GB

5 NaN15I8

¥nsnaansIaUsEANE A mues 4 3315
TaednsivunauInvesd ynl 14 WUy e
WS B UL UUSEANE AINBIAIROU § INUI
Uszavsnmuasimaurewmia 4 A3nslreilndidss
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Abstract

Warehouse operations are labor-intensive activities, and they account for the highest share of the
total logistics cost. Among the various operations in warehouses, order picking, which is the process of
retrieving a set of requested items from specified storage locations in a warehouse, is one of the most
critical ones. The picking travel distance required by the order pickers has profound effects on the
warehouse throughput. Hence, reducing this unproductive traveling of the order pickers is a significant lever
for increasing the total warehouse throughput. The focus of the paper at hand is to evaluate the effects of
four main factors, including pick-list sizes, depot location, order picker routing policies, and storage
assignment policies on the picking travel distance in a single block warehouse. We simulate all possible
combinations of several levels and evaluate the main and interaction effects using the analysis of variance
(ANOVA). According to ANOVA analysis, all main single effects and two-way interactions have a statistically
significant effect on the picking travel distance at a level of significance & of 0.05. On the other hand, most
of the three-way interactions are not statistically significant at an & of 0.05, except the three-way
interactions between pick-list sizes, depot location, and storage assignment policies. In terms of four-way

interactions, they are not statistically significant at an a of 0.05.
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1. Introduction

Warehouses play a vital role in the supply
chain process as they facilitate the shipping of
products to the next stage of the supply chain with
the highest level of customer service and at the
lowest possible cost. As a result, both researchers
and practitioners have focused on improving
warehouse operations in the past to enhance the
efficiency of the supply chain. Among the various
warehouse operations, order picking, which is
commonly defined as the process of retrieving
requested items from storage locations in a
warehouse in response to customer orders [1-2], is
the most costly activity [3]. Some authors
estimated that it accounts for up to 55% of the
total warehouse operating costs [4]. In addition,
order picking is a critical process for every supply
chain because of its direct influence on customer
satisfaction [5], which is the main performance
factor in e-commerce retail. Underperforming in
order picking can cause both unsatisfied customers
and high warehouse operating costs. Consequently,
improving the efficiency of order picking will lead
to lower logistics costs and to an improved
performance of the whole supply chain [6-7]. In
picker-to-parts systems, order pickers travel through
the aisles of the warehouse to pick requested items
from storage locations. The time required by the
order pickers to travel through the warehouse may
account for up to 50% of the total order picking
time [8-9]. Hence, reducing this unproductive and
non-value adding time is an essential lever for
lowering warehouse operating costs. Since the
travelling distance is proportional to the travelling
time, minimizing the travelling distance of a picking
tour is often considered equivalent to reducing the
travelling time, and it is seen as a major contributor
to the improvement of order picking efficiency. To
reduce picking travel distance, previous research

has focused on single order picking planning

problem, but this research breaks new ground by
combining multiple planning problems. Therefore,
the main contribution of the paper at hand is to
evaluate the effects of four main factors, including
pick-list sizes, depot location, order picker routing
policies, and storage assiecnment policies on the

picking travel distance in a single block warehouse.

2. Problem description

We assume a single block warehouse, which
is a layout that is common in practice and that this
is the most frequently used layout in the literature
[5],[10]. The warehouse under study is the single-
block warehouse with ten aisles. The picking aisles
are two-sided with the width of 1 meter. The
dimension (width*depth*height) of each storage
location is 1¥1*1 meter’ containing a single type of
SKU, and 1,000 SKUs (100 in each aisle) are stored
in the warehouse in total. This layout is consistent
with the warehouse layout literatures of [11-12]. In
defining the model, we make the following design
assumptions.

1. There is only one depot, where order pickers
receive orders and where retrieved items are
dropped off for further processing.

2. Order pickers can retrieve the requested items
from storage racks arranged on both sides of the
picking aisles without having to cross the aisles.

3. Order pickers working in the same area can pass
each other, which means that we do not consider
picker congestion within aisles.

4. The requested items can be picked directly from
the racks without additional vertical travel, which
means that in this study we focus on the picker
routing problem in a low-level picker-to-parts
system.

5. An item is stored in a single location only, which
means we consider order picking in a single storage

system.
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3. Order picker routing

3.1 Exact algorithm

Ratliff and Rosenthal [13] developed exact
routing algorithm for routing order pickers through
a single-block warehouse as illustrated in Figure 1.
The rectangle boxes in Figure 1 represent the
storage locations in warehouse, where the black
boxes are locations of items to be picked. The order
picker receives a pick-list containing a list of items
to be picked at the depot, starts retrieving all
requested items from storage locations, and then
returns to the depot to drop off the retrieved items.
Ratliff and Rosenthal [13] defined the picker routing
problem as the problem of finding a tour of
minimal length on a graph representation of the

investigated warehouse.

Back cross aisle

- | -

Front cross aisle
Depot

Figure 1 warehouse with a single block [13].

(a2 (2
(o

20O

Figure 2 Graph representation G, where m = 12
andn = 6 [13].

The authors defined a graph G in Figure 2
associated with the picker routing problem in Figure
1, where the vertex v represents the location of
the depot and the vertices v;,1 = 1,2,3, ..., m,
represent the storage locations of all m requested
items. The vertices a; and bj are back and front
endpoints of each picking aisle j,j = 1,2,3, ..., n.
The weight of an edge corresponds to the distance
between the endpoints of that edge. The algorithm
of Ratliff and Rosenthal [13] aims to find the
shortest order picking tour that starts from vy,
determines a sequence of storage locations v;, I =
1,2,3, ..., m that have to be visited, and ends at
Vg. As can be seen, a tour of an order picker in the
warehouse corresponds to a tour on the graph G.
So, the problem of finding the shortest order
picking tour is identical to the problem of finding a
tour on the graph G containing all the required

vertices.

3.2 Heuiristics

S-shape: The order picker starts in the first
aisle that contains requested items and traverses
the aisle completely. The picker then moves to the
next aisle that contains requested items, traverses
this aisle completely, and continues in this fashion

until all requested items have been retrieved.

Largest gap: This heuristic divides aisles into
two halves using the largest gap between two
requested items or between the aisle exits and a
requested item for defining the front and back part
of each aisle. The order picker enters the aisles in
the front part of the warehouse that contain
requested items and leaves each aisle on the side
where s/he entered it without accessing the back
part. Once the front part of the warehouse has
been completed, the order picker moves to the
back part of the warehouse to complete all aisles

in the same fashion.
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3.3 Meta-heuristics

Adaptive large neighborhood search (ALNS) is
based on the large neighborhood search (LNS), a
metaheuristic introduced by Shaw [14]. In an LNS,
the neighborhoods are defined by destroy and
repair operators. A destroy operator is used to
remove a set of vertices to cut the present solution
into parts in each iteration of the search. Then, a
repair operator is used to re-combine the removed
vertices and the remaining parts of the solution to
obtain a new feasible solution. A destroy operator
that can affect a large portion of a solution, hence
the name “large neighborhood search”, has
potential to help the search navigate different parts
of a solution space and lessen a chance of getting
stuck at local optima, especially when a problem
being tackled has constraints that make it difficult
to move from one feasible solution to another by
small changes. ALNS has been developed by Ropke
and Pisinger [15] and extends the LNS by an
adaptive selection mechanism for choosing a
destroy and repair operator at each iteration from
a “portfolio”, i.e. a set of operators. The use of
multiple operators and the ability to choose them
adaptively in the ALNS allows the search to adjust
itself to different instances of the same problem.
As it contains a mechanism for choosing operators,
ALNS can also be viewed as a hyper-heuristic; it is
a heuristic for deciding which heuristic
(destroy/repair operators) to use for creating a new
feasible solution. ALNS is comprised of four main
steps: (1) creating an initial solution; (2) choosing a
destroy operator

and performing a destroy

operator; (3) picking a repair operator and
performing a repair operator; and (4) renewing the
and the Such
include those that control the

probability of choosing each destroy or repair

parameters current  solution.

parameters
operator. For example, one may adjust the
parameters in such a way that an operator that
leads to a better solution has a higher probability

of being chosen in the next iteration.

A pseudocode of ALNS used in this work is
given below, where N_item is the pick-list size, and

N_itr is the number of iterations to be specified.

Given: N_item, N_itr.
Generate an initial solution, called S.
Set Best S =S.
For each destroy operator:
Set its score = 1.
Foritr = 1 to N_itr:
Randomly choose the number of items to
remove from the route S, called N_to remove.
Randomly choose one of the destroy
operators.
Apply the chosen destroy operator with
N _to_remove to S. Call the result New S.
Repair New S.
If New S is accepted
Set S = New S.
Set delta = 1.
If total distance of New S is less than Best S
Set Best S = New S.
Set delta = 2.
Increase the score of the chosen destroy
operator by delta.
Return Best S.

In this work, N_itr is set to 100XN_jtem, and

N _to remove ranges between 1 and min(1,
N_item/2). An initial solution is generated by
randomly permuting items to be picked. Destroy
operators are randomly chosen by a process similar
to roulette wheel selection in a genetic algorithm
[18] with the operators’ scores viewed as their
“fitness”. Destroy operators considered here are
“random removal” (randomly removing a given
number of items from the route) and “worst
removal” (successively removing an item that leads

to the highest saving of distance).
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4. Storage assignment

Four storage assignment policies are
considered in our study, namely (1) random storage
with uniform demand, (2) turnover-based storage
with 20/40 demand skewness, (3) turnover-based
storage with 20/60 demand skewness, and (4)
turnover-based storage with 20/8 0 demand
skewness. The notation x/y indicates that x% of the
items represents y% of the total demand. For a
random storage policy, items are assigned
randomly to locations available in the warehouse.
In case of turnover-based storage, we implement
the turnover-based storage with demand skewness
proposed by Celik and Stral [9] and Pohl et al. [16]
by assigning higher demand to items closer to the
depot. To do so, we first sort the storage locations
in increasing order of their distance from the depot.
Secondly, to account for demand skewness, we use
the model of Bender [17] as in equation (1) to
determine the probability that the item stored in
storage location [ will be added to a picklist.
F(x)=(1+A)x/(A+x) (1)
The function F(x) is a cumulative distribution
function for x € [0,1]. The variable A is a shape
factor depending on the demand skewness, where
the values of A are 0.60, 0.20, and 0.07 for the
demand skewness of 20/40, 20/60, and 20/80,
respectively. Assume that the number of items in
the warehouse is N. The probability that the item
i will be added to the picklist is equal to p;, as in
equation (2):
pi = F(@i/N) = F((i — 1)/N), )
i=123,..N
Since the function F is concave down (i.e., F has
negative second derivative), an item closer to the

depot has higher demand.

5. Experimental design

To investicate the effects of different
parameters on the picking travel distance in the
single-block warehouse, we use the parameters

summarized in Table 1. As can be seen, the

experimental design consists of four factors: pick-
list sizes (number of items in an order), depot
location, order picker routing policies, and storage
assisnment policies, with some problem sets taken
from [11]. This experiment considers five different
pick-list sizes with 5, 15, 25, 35, and 45 items. The
depot locations considered are central (in the
middle of the front cross aisle) (C) and decentral (in
the front of the left-most aisle) (D). The order picker
routing policies factor investigated here include the
exact algorithm (E), the S-shape (S), the largest gap
(L), and the adaptive large neighborhood search
(ALNS) policy. Four storage assignment policies are
considered in our study, namely (1) random storage
with uniform demand (R), (2) turnover-based
storage with 20/40 demand skewness (TB1), (3)
with  20/60 demand
skewness (TB2), and (4) turnover-based storage with
20/80 demand skewness (TB3).

turnover-based storage

Table 1 Parameters used for evaluating the effect

of different parameters on the picking travel

distance.
Picklist | 5, 15, 25, 35, 45
Depot | C, D
Routing | E, S, L, ALNS
Storage | R, TB1, TB2, TB3

6. Results and statistical analysis

The results of the experiment were analyzed
by full factorial design using SPSS software. Table 2
shows the ANOVA results for the picking travel
distance. The ANOVA results indicate that the main
effect,

significant at a level of significance & of 0.05. The

depot, was found to be statistically
factors, picklist, routing, and storage are also
statistically significant; however, these results are
not surprising as they are naturally happened.
Explaining the effect of the picklist sizes on the
distances is simple and

picking  travel

straightforward. An increase in picklist size should
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be directly translated to an increase in the picking
travel distances. Regarding the storage assignment
policy, the turnover-based storage policy results in
less travel distance than a random storage policy.
This result follows from the fact that in the case of
higher demand skewness, frequently requested
items are assigned closer to the depot, resulting in
shorter travel distances. The two-way interactions
were found to be statistically significant at a level
of significance & of 0.05. On the other hand, most
of the three-way interactions are not significant
because there is no interaction effect of the three
factors on the mean of picking travel distance. The
only thing that is significant is the three-way
interactions between picklist, depot, and storage. In
terms of four-way interactions, they are not
significant at a level of significance & of 0.05 for the
similar mentioned interaction of four different

factors.

Table 2 Full-factorial ANOVA results for picking

travel distance.

Tests of Between-Subjects Effects

DependentVariable: Distance

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 14879157 6° 159 93579.607 55373 000
Intercept 111216680.8 1 1112166808 | 65809.076 000
Picklist 10585220.68 4 2646305170 1565870 000
Depot 12418.880 1 12418.880 7.348 007
Routing 1338351.200 3 446117.100 263.976 .0oo
Storage 2201404180 3 733201.303 434205 .0oo
Picklist* Depot 21077.620 4 5269.380 ERRE 015
Picklist* Routing 116032.000 12 9665.333 5722 ooo
Picklist* Storage 276543.520 12 23045293 13,636 ooo
Depot* Routing 24363.480 3 8121160 4805 o003
Depot* Storage 45100.440 3 16033.480 8.896 ooo
Routing * Storage 107872.660 9 11985.851 7.082 o0oo
Picklist* Depot* Routing 5526.120 12 460510 272 993
Picklist* Depot * Storage 40800.360 12 3400.030 2012 021
g{gg;'&' Routing* 71810.040 36 1994723 1180 220
Depot* Routing * Storage 25010.800 9 2778.978 1.644 .099
fglglzlg'eDEpnt*Rnut‘ng 7625.600 36 211822 125 | 1.000
Error 1081593.600 G40 1689.990
Total 1271774320 e00
Corrected Total 1596075118 799

a. R Squared= 932 (Adjusted R Squared = 915)

The two main decision problems which are
usually solved to increase order picking efficiency
include picker routing and storage assignment
policies. Table 3 and Figure 3 show the average
picking travel distance of the four order picker
routing policies in combination with four storage
assignment policies. As can be seen, E outperforms
ALNS, L, and S for all storage assignment policies.
Furthermore, an increase in the skewness of
demand reduces the average picking travel distance
for all routing policies. In terms of depot location,
we summarize the effect of the depot locations on
the picking travel distance in Figure 4. It is obvious
that the average picking travel distance decreases
location  considered is

when the depot

decentralized.

Table 3 Average picking travel distance (meters).

Storag R TB1 TB2 TB3
Routing
E 391.64 | 372.76 | 320.16 | 241.52
S 474.76 | 461.52 | 424.08 | 388.88
L 431.36 | 419.72 | 371.36 | 289.76
ALNS 407.44 | 391.40 | 331.72 | 247.60

AVERAGE PICKING TRAVEL DISTANCE (METERS)
——L S L ALNS

500

o .\’\
300 \
¢

200

100

Figure 3 Average picking travel distance (meters) for
the order picker routing policies in combination

with various storage assignment policies.
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Figure 4 Average picking travel distance (meters) for
each routing policy in combination with TB3 under

different depot locations.

7. Conclusions and future research

This paper evaluated the effects of four main
factors, including pick-list sizes, depot location,
order picker routing policies, and storage
assiecnment policies on the picking travel distance
in a single block warehouse. The ANOVA results
indicated that all the considered parameters and
their

distance. Our computational results showed that

two-way interactions affect the travel
the picking travel distance from the combination of
exact routing, turnover-based storage with 20/80
demand skewness, and decentralized depot is
shorter than the picking travel distance from other
combinations. These findings should encourage
practitioners to implement the exact routing policy
[13] and use decentralized depot together with
turnover-based storage assignment. This work could
be extended in various directions. For example,
future work could also study the effect of order
batching on the picking travel distance. Moreover,
future research could consider the occurrence of

picker blocking in warehouses.
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Abstract

This study presents mathematical models for scheduling pharmacists at a tertiary hospital in
Bangkok. The objective is to minimize the workload inequality as much as possible subject to various
constraints imposed by the hospital. Each type of work receives a different weight, which represents
different attractiveness of each job. We develop two models, whose objective functions are 1) Mean
squared error (MSE), and 2) Gini mean difference (GMD). As in economics, the inequality can be measured
by the Gini index, constructed from the Lorenz curve. The models are solved using Open Solver for Excel.
Then, we compare the scheduling plans from the two decision models and the current scheduling plan.
Our results reveal that the Gini indices from the GMD solution, the MSE solution and the current schedule
are 5.27, 7.03 and 11.58, respectively. From this case study, we conclude that the GMD model results in

the lowest workload inequality.
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Abstract

This research considers the assembly scheduling problem for a production process that consists of
n jobs. The assembly system consists of 2 stages. In the first stage, there are m independent single machines
that produce the components of a job, and when the components are finished, they are assembled into
the work piece in the second stage. The research objective is to minimize the number of tardy jobs. The
mathematical model is constructed to represent the problem characteristics and determine the optimal
solution. Then, the solution procedure called heuristic Nattakorn, Witid, Tanawat, and Anot (NWTA) is
developed based on the dispatching rule and the Moore-Hodgson Algorithm concept for determining a
proper solution by considering tardy jobs and finding new positions to improve a production schedule. To
evaluate the performance of the proposed heuristic, the solution obtained from the heuristic is compared
with the optimal solution determined by the mathematical model and the solution found from the genetic
algorithm. From the results of 30 problems, the heuristic NWTA can provide good solutions in a reasonable

amount of time.

Keywords: assembly scheduling, tardy jobs, heuristic
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Abstract

The purpose of this research is to study the characteristics and suitability for the establishment of
medium-sized hydroelectric power plants in Lampang province and invent a mathematical model for
planning the production and distribution of electricity to the community. The obtained results of this
research conclude that the selection of reservoirs for the feasibility analysis of hydropower plant
establishments by using the Exponential smoothing Holt-Winter method to forecast water volumes three
years in advance of 29 medium-sized reservoirs found that 17 reservoirs were able to establish medium-
sized power plants and could be analyzed further, which is 58.62% of the total number of reservoirs.
Afterward, a suitable turbine type was chosen based on the appropriate reservoirs. It was found that two
types of turbines could be used: 13 Kaplan reflex hydro turbines, representing 76.47 percent of all reservoirs
capable of establishing medium-sized power plants, and 4 Crossflow impact hydro turbines, representing
23.53 percent of all reservoirs capable of establishing medium-sized power plants. The above information
was applied in planning the production and distribution of electricity to communities through a mixed-
integer linear programming model. The presented model found that there are three suitable areas for the
establishment of hydroelectric power plants, including Mae Tok reservoir, Mae Tam reservoir, and Mae Wa
reservoir. In addition, each reservoir distributes electric power to Ban Lai community of 21.21 KW, to Sop
Mae Tam community of 301.04 KW, and Hua Thung community of 297.15 KW, respectively. According to
the results of this research It is merely a quantitative approach to assess the establishment of hydroelectric
power plants. However, in establishing a hydroelectric power plant, other qualitative factors need to be

studied in parallel as a final decision component.

Keywords: medium sized reservoir, hydro turbine, exponential smoothing Holt-Winter method, mixed-

integer linear programming model
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Abstract

In this paper, an integer programming model is presented to determine the optimal number of
surveyors in a case study of an Insurance Company in Nakhon Ratchasima. The proposed model has applied
the principle of the set covering problem by considering the coverage of the number of accidents and the
length of time to travel to the accident scene that surveyors can travel within the customer satisfied. When
testing the proposed model with an insurance company's data, the results show that the optimal number
of surveyors is 15, and surveyors can travel to the accident scene in 42 minutes, which can reach about
81.82 percent of all cases. If the company requires surveyors to travel to the scene within 30 minutes, it
can reach 36.36 percent of all cases. By the results, insurance companies can use the proposed integer
programming model to determine the allocation of surveys to cover the number of accidents, which will

enhance customer satisfaction.

Keywords: integer programming, set covering problem, surveyor allocation, car insurance
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Abstract

Generally, a touring route planning can be solved by applying the traveling salesman problem
(TSP). However, TSP considers the total number of locations regardless of time constraints, including the
various factors of tourists, which can be considered only one factor at a time. Sometimes tourists may
prioritize each factor differently. Therefore, in this paper, we propose an integer goal programming model
to plan a comprehensive travel itinerary and meet the needs of tourists as much as possible by considering
factors of cost, time, and satisfaction with the tourist attractions. In the proposed model, constraints to
select locations are introduced to the traveling salesman model, and goal programming is applied to meet
the requirement of tourists. The model results show that the proposed model can be used more efficiently

in actual trip planning than manual routing or the use of the traveling salesman problem.

Keywords: integer goal programming model, traveling salesman problem, route planning
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An improvement of Chemotherapy Infusion center via simulation: A case

study of university hospital in the deep south of Thailand
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Abstract

Cancer is one of the world’s largest health problems. Worldwide, an estimated 19.3 million new
cancer cases and almost 10.0 million cancer deaths occurred in 2020. Every hospital is aware of the quality
of their services; they provide an efficient assistance for cancer patients at Chemotherapy Infusion center. The
purpose of this research is to improve the efficiency of Chemotherapy Infusion center through a case study
of university hospital in the deep south of Thailand. In this research, the simulation approach via Promodel®
simulation software is applied to analyze the utilization of cancer patients' beds. As a result, it showed that
opening cancer patients’ beds no. 1 — 20 from 7:30 a.m. to 4:30 p.m., no. 21 - 23 from 11:00 a.m. to 4:30 p.m.
and no. 24 — 26 from 1:30 p.m. to 4:30 p.m. on working days was the best alternative scenario. The utilization
of cancer patients’ beds was increased from 73.61 to 84.16 percent or 10.55 percent while the vacancy rates
of cancer patients’ beds decreased from 24.12 to 13.23 percent or 10.89 percent. Moreover, the working time
of the nurses and their assistants was decreased from 104,790 to 86,940 minutes/week or 17.03 percent.

Keywords: hospital, chemotherapy infusion center, simulation model
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Abstract

This research has studied the blood delivery for the 12th Regional Blood Centre (RBC), Songkhla
province, where is the center of blood distribution to hospitals in Songkhla province and other provinces
in lower South of Thailand. The blood delivery of this RBC was modelled as the capacitated vehicle routing
problem under the known demand of blood. This work has proposed the differential evolution hybridized
with the new local search, called DE+NLS algorithm, to find out the optimal route with shortest total
distance. For the testing of performance, it was executed on the 30 datasets of real-world case study that
were collected during the period of August, 2021. The performance of DE+NLS, in addition, were compared
with the current routing method, standard differential evolution (DE) algorithm and simulated annealing
(SA) algorithm. As a results, the DE+NLS produced the route having less total distance than the DE and SA.
The overall total distance obtained by the DE+NLS was reduced from 10,804.20 kilometers (by current
routing method) to 4,017.38 kilometers. The statistical results clearly indicated that the DE+NLS was an
efficient method and it significantly outperformed the DE and SA methods. The DE+NLS spent less time
than the SA while it consumed slightly more than the DE due to the local search procedure. Moreover, the
DE+NLS achieved the lowest transportation cost at 17,463.54 Baht, which was decreased by 61.82% from

the current method. Thus, the DE+NLS was a well-design and efficient algorithm for the given problems.

Keywords: differential evolution, local Search, blood routing problem
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fananazdaddainisuainnauinislafinunenid
12 U wsaslsamenuiaiiudsnnudeenisladinluiu
u 9 dednvuruannaiaonndostudgninisda
L@ unn9Tnuud s (Vehicle Routing Problem, VRP)
Fwduse 1 fu Afsanaudesnslafinueusdas
Tsangunauazeuguessoiililunsdndstendsseu
dlodnddafinasunurnudesnisvosusazlsimeuna
udanduiniigaiud Wlevganisindmdelsudu
sounitsaudsseuludlunisnszarelanaluds
Tssmenunasng o Aifeudesnistafinuasdililadnas

Ugyninisdndslaiie (Blood Routing Problem)
Judnvarvestlymnsdndunissovudwianddid
Foulvsuanuglunisvusds (Capacitated Vehicle
Routing Problem, CVRP) Wagns1uUsuIunIumesnig
YausiazlsameIua (gnen) wazaouilun1ssndsd
WULOY §9l5INEIUIELA AT LR D9US 9NN 89N
Tafinundanaudnisiading wednwiuuladinniuany
Fo9n1s Aoufiazdiunsdndumssaiionisnszans
Tadia [2, 4, 5] dmSufuUNIAdnFansva sl
mif\?’ma'ﬂaﬁmﬁmiﬂuauagmwuﬁLmﬂmﬁumm
Woulefifiansan wu msfinsanUsunaaudenis
munyiden [2] n1siiansandednianiunseuniaives
anufiusaanarduaaindsvenden [4] A3
fisannavudssiufunardieglulsmeiuia [6] Wy
i Lﬁmmﬂi’]z:ymmﬁm%ﬂaﬁmﬂu;ﬂLLUUMﬁwaa
Jagmnisdadunissavuds Juihiisnmsuidaymieg
Tuguuvuiiliansnsaudlddsnaindludeanuuen
(Non Polynomial Hard, NP-Hard) @ sfimanududenlu
nsuntgymuagenaldiauiudiundeymisieisiu

o

a5 fesndmeuiidululddisiuiuann Tnedalusin
Touuntymnmsdadunissovudswigisiuangasadingd
(Metaheuristics) [2, 4-5, 7-9]

A wmdq5adnd (Metaheuristic) LOuAS s
FumdmeuiifirundedelduasinunmAliisamese
s lUlduRunIsANduuUag 9 Sniedatean

syaghalunsauudmiudymndvuialng 4935

wandFaindgninlUldudidymiiiertunisdans
nsudauarladafndfivainvans wu Jaywinism
YPUNANTIHANT ILNZAN (Lot Sizing Problem) Jgyun
N3IAAIAUNUNITHES (Scheduling Problem) gy
ATIALAUNNNITAUNIVDINTNIIUYIY (TSP) Lag
Yymnsdadunisnisauds (VRP) ludu d1msu
Yamnsdnddadinldfvnaueisiungisaindiiie
wAdegynn wiu nsuAtyninisindsdonnieislouia
N19A URILUVUUNNILAT 1 (Hybrid Cuckoo Search
Algorithm, HCS) [2] n1sdatdunislunissuduionsig
A8n1391a99n1soULUlen (Simulated Annealing, SA)
TngUsvasriionmuIzITauing
Tngldnasnssaudunsduniameidmsudyminig
dndslaiin nsdlAnwinisinddainngludminaswan
gaanavInIstafinuiendil 12 wazinsuSeuiiey

aaada °

UsgansanAuisadnisunausnaunin Wenii

WMABYBIUNANULUSENBUAY aUN1Shaztiaulaves

a

Jayninisindelain 3

1

53Taun siaeldnanng 35
FTunsiagldnan1awarnIsAUMIRNIEAE S UNS
wndgnin1sindslain N1999ALUUNITNAADY NANT

NAaDILAZNITATUNE

2. aunsuazaulvvaslyninisindalain

sunvuvesaun1slgmnsdnddaindmsu
sa 1 fy fidvnefiomszeznanmsvuddlaingy
Youiian Tagisuannauinislafinuisndn 12 Tuds
Tsanerwasing 9 ludwiaawanfidanudesnislaiin
Tinsunnlsane1uia Ineniauinislainuvieyia oz
ussynlafinusazvafaslundedduiuvuinified wagse
aansnusNlegean 40 naes FanNamevesiius

AN 9 WARSATLUMITISN 1

M99 1 Aeduredydnualadinatans

deydnual AUNNNY
N FIUIULTINGIVANIVUA
K uUTANIUAT N SVUAS LA TiR
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MITNT 1 AedueddnualadinA1ans (ne)

Heyanual AYUNUY
i fotunumnelaul SaNe1UIeAUNIG
Jj FtunumNEaL SN IUIAUAENa |
k futlunusnvudilainnioseudnds k
Z szagn19snlun1sdnddainainaia
usnsladaun sw1d s 12 1uds
Tsang1una
d; szpzneilddmsudadnnlsmeuia
i Wlsawenuna j
g, ANuReINsidladin (Mnnyladin) ves
Tseng1una i
ay ANNUBITATUETLaN k

AanUsindula WanaaduniIumu

Ul ASUNT U8  ULEUN19TAEY

Tadinusauldnsy

Xf; fandsindula dandu 1 d1s0vuda
ladis k dn1siiun1sannlsanenung i
10/ uawidu 0 delaifinsiiuma

Ye Faulsindula gandu 1. olafin

dwsulsaneruialt i gausimnluse
yuds k wazidu 0 Welddnisussyn

Tavslusnvuds k

ANNSUA VLA A AARS T T AN U U T8

Tausuanndakuu VRP Tu [2, 9] Inedin1siivunaunis

e

nUsrasdkazaunstedrindialull

3

Min Z = S5, ¥ SN o dX; (1)

Tneiiaunisdosain (Constraints) &ai
SLXy <1 k=12..K 2)
YN Xy =20 X p=12,. N k=12,..K
(3)
YK T =1 i=1,.,N (@)
¥ Y <q k=12,...K

N
Y < BNoX SN k=12, K
(6)
TNXE =1 j=12,.,N 7
Uf EUJ“‘I,-—“H(%)@*X?))—
Xg(qiwj) ’ |
k=1.2,..K;i=1,...,N;j=12,.. N o i#
(8)
Ui < ak_X/(;i(ak"_q[)’
k=12,..K;i=1,...N, (9
U;( = qi—‘ij 19 ]"X]];’
k=1.2,..K;i=1,..N (10)
X ={0,1},
i=1,...N; j=12,..,N; k=1,2,...K (11)
Y ={0,1} ,i=1,...N; k=12,..K (12)
U>0 ,i=1,..N; k=12,..K (13)

Yoguszasd (1) tuszeznesinlunisdnds
Tafnanlsanervia i Wisaweua j lnesavudalaiin
k Goulafi (2) Wunnsuseiuin savuddladin k iy
¥1990NNAAVINISIARAURIR (Funedl 0) uae
Fnddafinlugilsmenuna j egnates 1 uie Wouleil
(3) WuaunisfisulseAudlsmeuauimil 4 ag
Iysuiumaduareenuhfudusuu 1 ad deula
#i (@ Wunsduussiuilsmerunanis o axldsunis
Fndddafinnnsavudsegnates 1 fu leulwdi (5)
nsuseiuIsavuddlaiale 9 asvulafinluddiiu
Tsmerunaliifumiuansalunisussmals Geulvd
(6) Suuseiuinsinddilsmenuna i IdAsdewdeosn
udslaia k Aune[IulssneIua i NEUNI19Ye3
Tsenenuna j widlauianidwindu wavdeuladl (7)
Sudseiuitlsamenuia j a9 aglasunsiiunieniu
Tnesavddadinla o ogeden 1 ads Tngldidumaiisin
wnandles i Tn 9 Seuled (8) - (10) Wunseaiu
ielalAnduniages (Subtour) wardeuled (11) -

(13) Wunisindnvaulwnaivesiiwlssnduls
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[

3. A3 uINsinelgranng

a o

157 7murn1slaeldwan 19 (Differential
Evolution Algorithm, DE) 1uisnsmeneuiidiign
YBRavIIUIT Az TENALEAUIEITuINg
Faladnsiunldafusnlul aa. 2000 Suusnldly
AMsuA T YmITaassidun1en1siu seoulasinig
WansuAdamisng 9 sgraunsvate nislunis

widgmnlasuanulleufigafsnisdadunaiuse

v
an

melddeulaiiunnnsiueenly nszurunisvesiaisl
AUAREAUITITRIUINITAINUNG A N1TATI9
UszansBusiu Ussiumileiduriaraunisidmaneg
vouIntmesidvany wasndnuszynsyuluiae
Funeu 3 Tuneu Ao nsadrshunuiineeiaisns
Usuarludidainines (Mutation) n1sas1einsda
LNABS R85 n1suaniUE sua T TRvesInines
(Recombination) wagn1sidaniinimesitinunednsu
saudaly (Selection) [9, 10, 13]

115919128938 DE 9 Wammnaufinduly
Fos 9 TuudarseuveInIsmAIney Fesduneunis

UVeeIE DE amnsauanslinaguil 2

ST L

( Guduy )
au

AN A

¥ . Loy
aiadizrnnivesAnauTNAY

]

rziiudnauiEudY

el

!

| Arzurumidivalasum

!

nizuaunuanasua

;

= 4
NIz UIUMTNITARAIRD D

.

e

—

.

[EH ._-/.- -

L - . g .
bild  immaeutunnm ~
.-\H"'\-\. . - g __./.

~__fwmeuniohiz _—

T ./"/’
Ilif
. ™

| HyA j
\\-\.

JUN 2 Tumpunsinnuredisiiaunnisinglduasiig

4. 35unslagldnaniesauAunIsALKI
awziuuulng dmsunisuddyminisdads
Ta%in
Tuteilarosune3ssTaunisingldnasig
FaufunIsAuUnIan1s 7 wuulny (Differential
Evolution with New Local Search, DE+NLS) &1 %5 u

nmaundgmnisdnddadindemaluil
4.1 NMSUNUAINBUKAZNITESNUTZTYINSLTUAUY

TumsadaszansiSudu §adeldaieedisd
q09dlf AUNTIUNUAIEAWILIadlTINeIUIalaY
wdnvoslsimeruiaszlifinisudsuuvasmasanis
Fuduns AugnunuSud U sihnsesnuuy
Tuusazsoulasldvannsduias daud 0.01 - 1.00 A4
ANNazdeanaiion 2 i) i 9 ndnluensise
n¥ndwhnsdesavduandeslvinn agldidums

AN LARVFUAIANILUANTIIN 2

M5 2 JULUUMIasavEveUsEYINg

1 2 3 4 5 6

0.34 0.22 0.36 0.77 0.89 0.11

0.21 0.34 0.65 0.55 0.27 0.83

0.45 0.55 0.50 0.36 0.35 0.33

0.88 0.78 0.31 0.79 0.36 0.99

0.34 0.44 0.21 0.11 0.81 0.56

9NAN5NT 2 uansNsasIsUsEIINSI NGy 5
WUMNE NSV 6 WS WAz TN EUNa
dndgiinlagnisiseaavguaintesluuin naife
Tsmeunaifiavduiiosiianluusazuaiazgnimuels
Julssnerunausniidendunialiddadin wazdsls
Tsswgnunaarguiiinnduludduda 41U auasunn
Tsme1uia iWedadensunnlsmeiuiandrazaunis

IFIVIMUANAAUG O (N1AUSASLaKin=)
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4.2 TunaUN1591197UU935 DE+NLS d1msuteynn

n1sandeladin

Funoun13v19uTesis DEANLS dmdunis
widymnisdnddladin anansaesureldsd

Fumoud 1 n1sivuas1nsdinedis udud
Aedosdmiunisadiafe A F, CR, NP uaysuiu
soun1ssu Inefiaunsadeuuvasanudosnislafin
T dulumuanudusidldmnidenifunsiuseuln

Fumouil 2 msadradumaruaasuu uns
a¥sUszansyansniieldgnszuIuMsEUIAney
Tugudn 9 10 TnonsaiiadszvnsFuduaziduguuuy
eatui e uneluiade 4.1 lusuised fnun
Uszrnaizudud 10 @uns lngnisguatavduainms
wanuasuuutangy (Uniform Distribution) 7 476
5¥9979 0 D9 1

Fumouii 3 e agUszasd swided
AT UTEALAAD SeaEN1elausIn TAeNITAILINA
szovmadumsirsdadoyaszernaaneniisd 2 T 1
ImAvarszaznsanlsmeiuianig o 13 lngd19ds
Toyaszozmaguesanuila 4 991nniia wum (Google
Map) WarN15ATIVADUAITZIZNNVDILAAZIAUN199Z
venfenmamveImsmAmauTiausawmuli ATy
19 mILTIUIUTEUTDINTHAIUIAIN DY

Fumouii 4 msasdunuianinesdensusuy

s

AlUNAALINLABS (Mutation) 1nAMULT 87131015

' °

iz lisneuiiaunitmaneudiy Sdlunsads
fwnudnneesaziludnvuzysansusuaduussd
wdnveaduna Tnevilufiasidumendunewd 2 Su
INNTAUAVAVEIAUVRLINABS 71, 7y WAY 73 LAY
$19489A1317L308M85 10 1K18 X 910LaV810 UT8 s
LIALABSTI9A U LA IVINISUSUANAI8EUNIT VD
DE/rand/1/bin [9, 10, 13] sisluauns (14) FsAfina
Tndazuanansluanaftalulszensisudusetade
Ye8naRIe (Weighting factor, F) n1susuildeualy
Afntituneudossd

1. donnnwesdmiunsasuntas X way

AUANAVAFUVBIINADS

4

@

2. WAUIAINBUMYANN1SE1998 A9t
Vig=X ¢ TF(X), o =X, o) (1)
ANUTOLENIAIDENITANUINVDITUNDUTN 2

ARIMI5199 3

A15197 3 Aregransusulasualuinnvaaaniaes

Wuune? 1

Tsane1un 1 2 3 il 5 6

Xl, g 03102 |03 |07 ] 08] 01
4 2 6 7 9 1
X4, g 08 | 0.7 | 03 | 0.7 | 03 | 09

X57g 0304|021 01|08/ 05

Vlyg 08 1 05| 04| 13| 04| 05

91NA13197 3 LAAINITUITIMNUR LINLABS
(Mutant Vector) #28n15U5us U8 sualuft Tnves
nawesitwunei 1 Ipeldar F =09, Fi=1,1p) =4
wae 73 = 5 9nAtad 1 um1sed 2 wasunuaiag
Tuaunis (14) 19@e 0.34 + 0.9%(0.88-0.34) iU 0.83

3. panswaliledmdumadusalvl #2e33ms
Renfutunoudt 2

Fupeuil 5 mswaniasuarlufifnvesnnes
(Recombination) tJun1saselnsdaiiniaes (Trial
Vector) Ingnsduein CR fieglutag (0, 1) dmiunis
aquAn X; g uaz V4 dnsudunieiiazadiaduan
i Tnednguludesleiifidsnindn CR Wlden X, ,

wazdasladaminnin CRldr V4 deangue

Usgdwanbitiunn 9 dunids Ineldanguvindudiuau
Tsemenunadidanudesnislaialuseudu q sumds
Laﬁudﬂmmaﬁ’uﬁnLmﬂﬂiawmmaﬁgu q Tilden V; 4
Wedunsmuasuingdnnsaduailudunidmives
Xi g ,8
wWuieafutuneu 2

wag V; , nouauduanauinn1sndunislug
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o

Funauil 6 \dleldrneunnisiiannislagld
nan19uda lfdsnevundidunsun1sAumILUY
a1z wuulug (New Local Search, NLS) av@$s
Fnouluituilndidemesilaymilagtuieisnsdum
LuURINETIRaLe 5 38 A nsuanwasu (Swap) N3
unsn (Insert) nsnannauauneluA1neou (Inverse)
NAUNILUULAUEY (Random Walk) [11] wagn151
Aadsiavduuendunisiifidiseenefiiigauiunsn
nanadune [12] Ineasdunislundeudunn 4 38

Fumoudl 7 msdqﬁuﬁmauﬁﬁﬁqﬂ Wunisdeen
Mnduneud 1- 6 L‘ﬁaL-fhajjﬂszmumiﬁmmﬁmaﬂu
souda 9 U lensradeuinnssuasunusiuiusey
A3Aum (seUnis) fidnuald Tianaduniedia
flgauazaunsaniuns

NTURDUN 1 - 7 ansauansiuneulanagun 3

ALGORITHM: DE+NLS (Continued)

ALGORITHM: DE+NLS

NP: population size, F: weighting factor, CR:
recombination probability, MAXFES: maximum
number of functions evaluations
INITIALIZATION at g = 0; Initialize all NP
individuals with random positions in the search
space;

While FES < MAXFES do

Fori=1to NP do

GENERATE ten individuals X ¢, X g, -, X10, ¢
from the current population randomly.
MUTATION From the donor vector using Eq. (14)
RECOMBINATION The trial vactor U; 4 is
developed either from the elements of the

target vector X,-,g or the elements of the donor

vector V; 4, as follows:
U I/l ,lf”'lJSCR Orj:jrand
W X;; , Otherwise ’

where [ = {1,.., NP}, J=1{1,...D}, Fij~ UW,1)is a
uniformly distributed random number which is
generated for each j andjrand €{l,..,D}isa
random interger used to ensure that U; , #
Xig
EVALUATE AND SELECTION if f{U; o) < X o)

in all cases

then replace the individualX,-,g in the
population with trial vector Ul-,g

Submit best solution to next process amount =

NP
NEW LOCAL SEARCH (NLS)

Begin

Every solution is executed by all of 5 local
search methods: swap, insert, reverse, random
walk, and insert the average of the value of best
path vector.
End
RETURN The best solution.

v A

JUN 3 s9iaigadunewis DE+NLS

JUN 3 sWaliieutumnouds DE+NLS (sia)

5. N1992NLLUUNITNNADY

v

NUATIUATIEAUTLANTAINVBINITAUMN

aa

ANNBUN8IITAIUINIS e lTNaR19S LA UNTA UMY
wngAwuulugd (DE+NLS) Tun1suidunianisauds

Tavialasldrszazniesinlunisvud wdud9 9

@ v

yanndFelaUSsuLReuUsEaNT AINVDINITAUNN

o

AmauRUITITaunsiaeldan1auunaay (DE) way

15n13918039n159 UMY (Simulating Annealing, SA)

a

7435 sA 1T laTinsihanlglunsdadunmednsu
Jgynnisvudsladin [4] waznisdadunislutdeymnn

fanandanwazNAae U UWIdel n1sSeuieu

1 o

navnuaazisdunanisanduaulussuudagiu
SURINTIASIENUTLANT NINATAUMAIRBUNE LS

FIUIUTDUNITT UMY

a

TunsneapsdnsunaauIsUeiy azleu

YAANES (Code) A8N1IABNALABSAIN (Java) Ul

]
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TUsunsu NetBeans IDE 8.2 RC LagyN15NAanIuU
AeuimesinTeufeafuiisyuuUfuRng Intel Core
i5-1135G7 2.40GHz, Ram 8 GB, 64-bit ﬂy’JEJ‘JEyI‘Vi’]
naaeanTolynin1sTaidun1adiuiy 30 Yadoya
(Hym) Faduteyannudesnislaindouvdsduiy
30 Tu TuRoudamau w.a. 2564 31nn1AUSA1Slakin
WA 12 Sminawan wazwiasdymazsudu
$1u2u 10 50U Tueudsul Anuarmislne S udy
#19115U35 DE wawds DE+NLS Tgminnsidimesann [11]
Yufle F =09, CR = 0.7, sS1uwduniusudu (NP)
WU 10 W@unie @238 SA Tdarwisnfimesann [4]
tufe gamaisuintu 1,500 aufsguaiivanewiiiu

0.01 uavanasmesnsuduiag B = 0.99

6. NAN1INNADY

AINMTNAAOUAINETNNTAVEIS 3 35 A8
Jgynnisindslaindiuiu 30 Ty lasdnuiuseu
NTIAIAOUAINSUTS DE Wazds DE+NLS Ao 100 s0uU
d135 SA Tallanmundnuiuseu whaziuualiAum
Ameulneiiuaneamgiisuyiniy 1,500 aufisgain
fvareindu 0.01 wazanassiednsiiusias f =

0.99 [4] NANNSNARDIVDILARLIDHEAAILARIANTIIN 4

PNHANITNAADILUAINTITN 4 WUIT N5

WEUN9Inaalainnle78 DE, SA way DE+NLS @158

Msregneninlunisdnddaiaurazivanas enliy
vreTuiilifiaudesnisiadie sauludstudidany
Faeansladsiiealsanenunanen agralsia n1sdn
Eumednddadinlunmsiumaoniaieudamey wuin
14 3 38 Tinasiuszsen1anasainssuuiisey i
10,804.20 Alawns anaudy 4,232.40, 4,185.49 uay
4,017.38 AlaluAs MIUANU War s DE+NLS @115
Fumidunisnisdadslafiniilifnasiussesmadudian
ilewlguiUIs DE uayds SA wenand Wefiansannis
IAEUNTWTUNUIT 35 DE+NLS dnansaAumidumg
Msdnddladiniifszasmaiosnin (Bewiiv) 53 DE
NIU uagds SA tNeunniu eniunsdaduniedngs
Tadinlutufl 9 dsvnau w.e. 2564 7135 SA Tdumnsii

AN

dlefarsanduaainisfummasunuin lu
A1M3193% DE 1dnanlunisdunidineuiesiian
Tuvaszdids DEANLS THaanlunishumiisesasn uas
3% sA Mnauuiign 5938 DEANLS agldanuiundy
33 DE 1091971038 DE+NLS agldsyazinandiunis
FunnsAumLUULanE uonaind Wefansandiu
YU U QY1 (T1UIULTINGIUIA) WU TIUIU
Tsangunaiinasionismneu Jsasiiuinmnoudild
91733 DE, SA way DE+NLS 9gilszoznnafivosninis
szuuliNegiule¥a uenand 33 DE, SA uazid
DE+NLS agld 114 unidinoufi vos satfu n1s
uidgymeiswadsaandlanudululauaziniu

wingaulunstlUlddndumdunisujos
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A15799 4 HANISIALEUNIVDILARLIT

Juil U Anaderesszegnariluusayds Rlawms) Aadveaialunsdummney
Tsaneuna (ui)
FEUULHY DE SA[4] | DE+NLS DE SA [4] DE+NLS

1 6 807.60 169.50 154.62 140 1.10 1.40 1.20
2 5 292.80 151 138.35 131.40 1.00 1.10 1.10
3 5 504.80 248.80 247.60 239.20 1.00 1.20 1.00
4 3 112.20 30.40 29 29 0.30 0.30 0.30
5 2 182.40 25 25 25 0.30 0.40 0.30
6 5 335 166.60 161.99 159.98 1.00 1.10 1.10
7 2 145.20 57 57 57 0.10 0.20 0.20
8 7 644.40 340.10 354.46 322.60 1.10 1.20 1.10
9 6 443.40 205.60 198.40 200.80 1.00 1.10 1.00
10 6 573.20 245.6 227 223 1.00 1.00 1.00
11 0 N/A¥* N/A¥* N/A¥* N/A¥* N/A¥* N/A* N/A*
12 5 483.40 160.5 172.5 159 1.00 1.10 1.10
13 2 64 39 39 39 0.10 0.10 0.10
14 1 36 36 36 36 0.10 0.30 0.10
15 6 498.60 182.7 185.6 182 1.00 1.20 1.00
16 5 454.20 160 160.6 151 1.00 1.10 1.00
17 3 246.80 102 102 102 0.30 0.40 0.40
18 3 266.60 92 92 92 0.30 0.50 0.50
19 7 472 188.8 188 188 1.50 1.40 1.40
20 2 122.80 24 24 24 0.20 0.30 0.20
21 3 112.20 29 29 29 0.20 0.4 0.20
22 6 441.20 146.8 160.57 124 1.10 1.20 1.20
23 5 452.80 146 142.3 133 0.90 1.2 0.90
24 4 420.80 184 179 179 1.20 1.20 1.20
25 6 567.80 199.2 190.6 187 1.20 1.20 1.20
26 5 322 211.7 209.9 209.9 1.00 0.80 0.80
27 4 337.60 97.6 98.2 97.3 1.00 1.20 1.20
28 4 520.40 182.6 194.6 177.2 0.30 0.60 0.40
29 5 472 220 197 190 1.30 1.50 1.30
30 5 472 190.9 191.2 190 0.90 1.10 0.90
WA 10,804.20 | 4,232.40 | 4,185.49 | 4,017.38 22.5 25.8 234

* N/A fp hafinnsdndunie Wesannlufianudesnistafinluiunanan
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Vi 99971N528EN19% La a1 nwnazIsn1sly

=

wansneuann (Fauanslunsiedl 4) iioBudunadnsin
33 DE+NLS fidnauslimmoudinini1ds DE uwazds SA
wNAFUlAYDIALNITIATILINERAR8I TNAdDU ¢
LuuduR (Paired-Sample £-Test) L1 8991nA 89015
VAFOUAINLANANVDIITNTUAaL A luusiazTu Tngll
nIUAIMEwesvasEIInTUaziidwIuteya 29
a1 (Ll ¥ufl 11 indeszd sldfinsdadunig)
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