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Abstract

This research aims to address the problem of uncertainty in fish feed demand, which
affects the sales planning and raw material ordering of the Phan Fisheries Cooperative. The
objectives are: 1) to forecast customer demand using quantitative forecasting techniques, 2)
to compare forecast errors in order to assess forecasting accuracy, and 3) to propose guidelines
for planning fish feed sales for the cooperative. The study used historical sales data over the
past two years and conducted interviews with staff. Data were analyzed using three forecasting
techniques: Simple Moving Average, Weighted Moving Average, and Exponential Smoothing,

to compare forecasting accuracy.

The results showed that the 3-month Weighted Moving Average method yielded the
lowest forecast error, particularly for fish feed code SN8901, which had the lowest Mean
Absolute Percentage Error (MAPE) at 64.08%. The analysis of the Economic Order Quantity
(EOQ) revealed that the optimal order quantity for SN8901 was 813 bags per year, reducing
purchasing costs by 7,094.38 baht. For SN8901B, the optimal order was 2,376 bags per year,
reducing costs by 7,112.42 baht. SN8902 was 1,479 bags per year, reducing costs by 3,462.66
baht. and 8501S was 250 bags per year, reducing costs by 3,456.83 baht. The findings can be
used by business operators to plan fish feed sales more efficiently and improve inventory

management.
Keywords: Forecasting, Sales Planning, Economic Order Quantity
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nslansanumadanivgiu ildausaSeuiisuussaniamvesaazimaidanigle

P ¥ a LY I aadg v d‘ ° dll a
NE]UI?J?J@Q?J@@QJJ@L@EI'JﬂN IﬂEJﬁ']lI'ﬁﬂLﬁ@ﬂ'&ﬁmiﬁﬂqﬂﬂﬂuﬂﬁ’]@Lﬂﬁ@u@ﬂﬁj@LW@Iﬂuﬂqi’JWQLLNu‘iﬁQ

4.2 PUNBUNITNYINTALAZNITATUIUAIAUARIALATDY

(2
v

'
=

WaUsiliuauuiug1veunayds ane 3elalddidTnnuaainniou (Forecasting

Error) Tan:

4.2.1 Mean Absolute Deviation (MAD)

AoANLRRLYBIEINA L UURIYTalTEnINeAaSesTuA e Insal

MAD = —

n
IS
> =Yy

t=1

AUNLNY: ANENRT LERIIIANNARIALAABUTDILUUINADILBUAY

4.2.2 Mean Squared Error (MSE)

ADANLRAYYDIAIUARINLARDUYNAIAIEDY

MSE = —
n

n

S -1

t=1

ANYAE: LUUANAANAIATULSS P8 TTUNANTENUVDIAIARIALAG DU FINT

4.2.3 Mean Absolute Percentage Error (MAPE)

TAANUAANLARDULTITOYAY

n

MAPE = — Z| |

Y;
t=1 t
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AnizE198leaTUdn nan1smeInsalannds WMA Tiaanueaiapdiousniantung MAD waz

ad

MAPE Lioigunudnaadis a4

)

ndentdidunuimamanlumsieuny Tnefinsudeyaneinsalunld
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v

TunnuudAgesannsal fia

=D,

4.3.1 N1SINUHUNITNER
Toyanuiein1sosuarluewantisliannsalaiunsadnmsenisudalaegng
fiuszanSam ann1sudniu/ang waranduyuainmsaiondudniugndu
4.3.2 NMSIBHUNITINGD
a11150AINIUTIIUNTE W e Usenda (EOQ) wazniyndsdaluy (ROP) la
1 o QI dg” -d! 1 % % dglj = d‘ % a
WUEEITY Fagrwandunun1sInTouasnanideanisuinkeauingau
4.3.3 N1SIANISAUANAIAGS
ns3kulduanudeinsanningliansainawny Safety Stock ag1amsnzay
2 a v a - d ' A v
andymnmsiivaudunniuly vievemunafenliuyieninudeinisgs

ya o

4.4. YBLEUBLULINIY

Y

Va o v 1

MnHansIel Anziifoveiausuumsiuieluludannsaiussumnu $iin:

- mstinmsdinndeyasenueuaztiningssuuneinsalodsasiniae

- msineusuyAanstidlandnnisvesmsnennsal elvamnsatihdeyauld
Usznaumsandulaluseauuinnig

- @NITOWAUITZUY ERP %30 Business Intelligence Vldlstj'w"jl,ﬂiwﬁsﬁla%al,wu
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5. NN
5.1 nan1suensalaufaInsvesgnan tngldinatanisweinsaliBeliunn
wuirdeyasenuigeimsan Seunds 2T fil T 2566 fvenv1smisUaisa SNB901
sasteAu F1uau 5,932 g9 seavIBawIUatTIa SN8IOLB TaMTT9AY F1uIU 39,569 AIBEAUTY

919115UaN59a SN8902 Sauviedu 911U 21,797 99 Heanvigeinisualues 8501S duanvu1esiu

[ % [ Y
Y Y

Viadu 919U 541 99 U 2567 dgenuigevnsuansiia SN8901 5aumsdu 3117w 3,832 g9 dvanvny
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911115Ua15%a SN8901B $auv9d U 9113U 43,823 99 Heanviee1msuaisia SN8902 sIuvaau

91U 10,497 99 dyanv1eemsUaITia 8501S SIUVIEY 91U 387 4 Aalanidayalunisei

5.1 uag 5.2

M13199 5.1 uanadeyasanigvetomisuan Tull w.a. 2566

U 2566

U ?11sUan 21m15Uan ?1115Uan ?1m15Uan

Y& SN8901 3%d SN8901B s%a SN8902 3¥d 85015
ungIAY 1,242 2,066 933 a2
NUATUS 513 1,736 1,036 69
JunAu 417 2,921 1,433 98
LY 320 3,046 1,412 66
NOYNIAY 496 3,003 1,879 50
guiey 386 2,902 1,924 66
nIngIAY 480 3,823 2,601 0
e 500 3,875 2,369 0
AUy 470 3,385 2,087 53
RaAY 434 3,352 2,622 56
N AINYY 394 4,793 2,310 33
RAVPRTCHY 280 4,667 1,191 8

UYAVIY

- 5,932 39,569 21,797 541
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M13197 5.2 uansteyasenuievesemisuan Tul w.e. 2567

U 2567

U 21115Uan 21115Uan ?1115Uan ?1m15Uan

s9a SN8901 s9d SN8901B < SNE9O2 St 85015
1NIIAY 585 4,596 1,055 0
nUARUS 263 4,173 800 55
JunAu 106 3,681 750 19
LY 105 2,976 816 12
NOYNIAY 307 2,498 830 69
Uiy 418 1,814 522 35
A3NHIAY 535 2,315 734 31
GRRRE a11 3,342 1,013 30
AueIe 428 5,417 1,341 39
naAL 194 4,130 1,125 28
NEFAINEY 286 4,590 853 31
RAVPRTCHY 194 4,291 658 38
52182AU18(9) 3,832 43,823 10,497 387

ﬂmzcﬁ%’aﬁﬁmﬁaaammaﬁqmmiﬂm 4 5%a (SN8901, SN8901B, SN8902, 8501S) U84
ANNSUUTZUINIU 3109 §oUNae 2 U Aawnt) W.A. 2566 - W.A. 2567 TUA15199 5.1 wag 5.2 U1
ASIEMITNITNEINT 3 35 lAkn ITA1LRALAARUNIBY199NY 3 LU ,ITALRALLARDUTILUUN 9L

N 3 1oy wardsusussudndlnuudganeadanviiiu 0.5 sanandlunsned 5.3
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[
Y

a a saal ¢ aa
A1919N 5.3 LLAAINITIATIZHIDAITNYINTUNN 3 38

o4 o4 4 ALRRLLARDUT Jiuiseu
- ALRagLARRUN s 3 -
- RIAMREN o » LUU9UIRUN OndlnuuLdea
/318019 2819978 (3 LAduU) -
(3 au) (Ol= 0.5)

2566 | 2567 2566 2567 2566 2567 2566 2567

219%15dan
Svid 5,932 3,832 369.33 224.67 185.67 113.33 352.09 245.89
SN8901

2719%15dan
Svid 39,569 | 43,823 | 4,270.67 | 4,337.00 | 2,136.33 | 2,169.50 | 4,388.20 | 4,326.04
SN8901B

2719%15dan
Svid 21,797 | 10,497 | 2,041.00 878.67 | 1,021.50 440.33 | 1,773.35 820.36
SN8902

2719%15Uan
svid 541 387 32.33 32.33 17.17 17.17 23.55 34.72
8501S

5.2 Nan1sTEUHIEUAIAINARNALARBIUYBINI TNEINTAlLINEMIAULINEIYRINTHEINTA)

(3 I~ a 66 2/ 6 1 a I €U Aa a
nainisidenwmafianisneinsalldinaeirianuranain MAPE Wunaeidadula maille
nsnensaidenly Ae Anadewndouliuuniinln (3 1ow) iWeanniAiAudanaIan1an

AILAANILUANSIN 5.4

[
Y

i a o ¢ ax
M99 5.4 LEAAINITIATILRITNITNYINTUNY 3 1D

— B - o MAPE
A5N15NEINIU dunn MAD MSE
(%)
91115UaN9%a SN8901 138 30,197 134.20
AnRAsndouTiognte | evsUansia SN8901B 755 943 500 99.21
(3 Hau) 91915Ua9via SN8902 385 246,062 113.26
21915Ua139& 85015 20 710 108.93
Anadpdeufiuuy | @1msUansia SN8901 138 | 46,529 64.08
fhathmtin (3 1) 21915Ua139& SN8901B 1,919 | 4,383,171 49.64
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91115UaN9%a SN8902 667 705,578 56.72
21915Ua199& 85015 22 699 57.44
91915Ua99ia SN8901 327 143.037 217.79
Usuissundlmuudea | enwnsuansvia SN8901B 1,042 | 1,368,517 86.58
(a=05) 91115UaN9%a SN8902 1,042 | 1,368,517 86.58
91115UaN9via 85015 609 486,728 109.48

5.3 datduauuziuanislunisnruigamsuan linuannsalussusniu 31ia

1. ATU28L EOQ, ROP Ltaze’iuvguiau NNANYINTA

USunauridedenusenda (Economic Order Quantity: EOQ) #un884 USHIUN158 %0
luwsiazasanvilisuusinreinIsdndenaznisiusnwaudideleglusedusnian (Heizer,

Render, & Munson, 2020)

Tne9:
D = YSunaumnufeenisaua (Demand)
S = AUNUNTATeLazaTa (Ordering Cost)

H = suyunsinuinwidusseniissst (Holding Cost)

'
o

andagolni (Reorder Point — ROP) L1 0USEAUAUAIAIASIN 09ANTABDIUS UAILTUNS

q

Aeifelml ondnidedldliAnnisaueaududlurisnaniisedudands (Stevenson, 2021)
ROP=D x L
vidolunsdiifosnsinsananuliiuiuouvesguasdvie Lead Time:
ROP = (D x L) + SS
Tngil:
D = $ms1nsli¥anadedietu (Demand Per Day)

L = S¥ezantun1saads (Lead Time)

SS = Usnadundnses (Safety Stock)
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2 m15UaNs¥a SN8901

D= 4,882
S = 2,129.88
= 31.44
2x2,129.88x4,882
31.44
USinaitdadefvanay = 813.30
U g.J/ o g.J/ d' Y o.ll dy 4)882
FINU TIUIUASITIADIAITD =
813,30
= 6 ASY
dstolyai ROP = 319
afonanuUasnsne SS = 7 = 1,862 4
ROP=SS+(D) +(LT) = (319+1,862) = 2,181 93
21915Uasvia SN8901B
= 41,696
= 2,129.88
- 3144
2x2,129.88x41,696
31.44
USinaitdadefvnay = 2,376.83
v gfl o g."/ v Y 42{’ 41I696
FINY TIUIUASINIADIAITD = —_
2376.83 3
= 17.54 =~ 18 A4
dsiielval ROP = 3652
afonanuUasnsie SS = 7MW = 12,355 94
ROP=SS+(D) +(LT) = (3,652+12,355) = 16,007 3N

21115Uansvia SN8902

D= 16,147
S = 2,129.88
H= 31.44
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2x2,129.88x16,147
31.44

Y
[

USunauiidetiofivanay 1,479.10

o & o 4y o & 16,147
ANUU AMUIUANNFDIFIYD = R

1,479.10
- 1092~ 11 afs
dsielval ROP = 875
afonAulaonsiy SS = T = 3,262 )9
ROP=SS+(D) +(LT) = (875+3,262) = 4,137 99

2%15Uan5%a 8501S

= 387
= 2,129.88
H = 31.44
2x2,129.88x387
31.44
USunniidadfefimanay = 250.73
v o v o X 387
AeHY UIUATINABINITD = —
31.44 }
= 1.85 & 2 A3
dstolyi ROP = 32
afonauUasnsde SS = T = 259 94
ROP=S5+(D) +(LT) = (32+259) = 291 99

AUYUTINVBIDMTUAN A SNB901

4,882 813.30
TC = 2,129.88 ( ) +31.44 ( )
813.30 2
AUYUTINVBIMTUANTYTE SNB9O1B
41,696 2,376.83
TC = 2,129.88 (—) +31.44 (—)
2,376.83 2
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AUYUTINYDIDWNTUATIHE SN8IO02

16,147 1,479.10
TC = 2,129.88 (—) +31.44 (—)
1,479.10 2
AUYUTINVRIDWMTUAN 9 85015
387 250.73
TC = 2,129.88 ( ) +31.44 ( )
250.73 2

2. wansFsuifisudununisdeifssmstarnouuazndsnsuiulgsdaed EOQ

uaz ROP
MnmsTeseiiiTsufisudununisded eosuaniia 4 sita douuasndanis
UsuusslaeldumnAnUiinanisdsifeiiusendniian (FOQ) uwazqndsielyal (ROP) wudn n1sii1 EOQ

Lay ROP 11U5g el l9a11150an91uuAsuN154 93 ouazanduyusiuvean1sd @ala o9l

Uszdninmemsuarluunesia Natinanswseuiisuanunsoagule dawandlunisen 5.5

7
o

a ™ ~ Y S A
A1919N 5.5 LLﬁ@\‘iﬂqiLﬂﬁﬁlULV]EJ‘U@UVJUﬂqiaQGZJ@G]@U

WIguigu
318019 : = :
U ViGR AGIZME
a7 sUansia 8 x 2,129.88 6 x 2,129.88
4,259,72
SN8901 =17,039 =12,779.28
2 mnsUansia 20 x 2,129.88 18 x 2,129.88
4,259.76
SN8901B =42,597.60 =38,337.84
2 msUansia 12 x 2,129.88 11 x2,129.88
2,129.88
SN8902 =25,558.56 =23 028.68
2 mnsUansia 3x2,129.88 2x2,129.88
2,129.88
8501S =6,389.64 =4,259.76

a < v v o & & v A 19
AMNH1519N 5.5 %LMUIM’] G\unuﬂﬁawaﬁuaﬂmﬁmiﬂmw‘i 4 394 llLLu’]Iu&la@ax‘i

2819 AL LTS NNSAUIUAIUVAN EOQ Inetaniesiia SN8901B hay SN8902 NiUSu1unIS

¥ ' v

'
[ [

= & A Y a o & A v Y 1 Ao
Q‘ﬁ@q@uﬁgaﬂsﬁﬁ)ﬂ ﬁqﬂimﬂﬁﬂqmﬂqﬁﬁﬂsﬁ@‘mL‘Vill']Sﬁuﬂgﬁqmqﬁﬂaﬂmuwu3ﬁulﬂ98"IQ@J‘L!EJﬁ"IﬂiU Y3

'
o w =

o

#0AARBINUNENNITVRA (Heizer et al., 2020) wag (Stevenson, 2021) 5y M3kY EOQ aduan

AUYUTINVDINITUTIMTAUMASARIREeliUsEaNTA M Tnglannzilladidayanisnensaifiuaiuen
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3. nan1sUIBUigUAUYUSWAaULaENaIN1TUTUUTIAEAS EOQ

IINNTIATILVRUNUTINVBINTIN TR AL
Uszaaniy 319 wudn MsiwnAnusunansdseenUsem

n1589% 00 msUa1YIBanfunuTINAelYeLiassiaduaAlaeg1aliusedninin lnonanns

Y
o

Wiguiiguanunsoazule dandlunisnei 5.6

A1519% 5.6 kansnsiUSeuLiguauuTINnel neulaynaaUuuiveseImsuan

UINWIFURA

eANER (

a 1Y
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NAIPRIDINITUAVOENNT Al

EOQ) snuszgnaldlun1snnauny

AUNUTIN nauUuuse naeuTulse AGTRN
2 sUaNsia SN8901 (ummed) 32,658.74 25,564.36 7,094.38
91115Ua9%a SN8901B (umsiad) 81,840.04 74,727.62 7,112.42
p1sUaTia SN8902 (U msial) 49,965.53 46,502.87 3,462.66
9115Uasa 8501S (U siad) 10,685.76 7,228.93 3,456.83

d‘ 1 %4 gj U U U
INANTNN 5.6 WU AUNUTINVDINT 4 99 81vnsUaanamaanInnsusulsalag
14 EOQ Tneanizsvia SN8901 uag 8501S NUAAAIUNITANAIVRBIAUNUTINNINAT 20% aviouli
WUBIUsEAVIEANUINTINMAUUTINNSATR LN T AL Faganissununisdedouaziuyuly

ASLAUSNY

waanstuandliiiuin nmsdumeda EOQ wldsauiunisnensalnusdenisesns
wiughansnsataeliesdnsnumunsindeldaonadosiuamudomisiuiaie anarugadenn
msdafvaudiunudiiu uavanandssindufasedsdunionuney Jadulselowidenis
UM sInnN1svesannsniussaaniy 911in Tussezen
4. NALEUDLULIUINIINITINMAUNITVID19I15UA1U8 989N Tl UTEUINIY 911
FNBWIY FININLVYII Y
NHANTTANYT WU annsaluszaanie 91dn dnisnensalgenvielaglddoya
vonveluednduiiugulunsieszy Suelfausanianisaluuluaudesnsemsuatly
owanldesnarteniios ilelinmsmaununisedivssavsnmbslu angdifoveiauonuzuuima b
UFOR weil
AUNISNEINTAlEDAUY
mstimsnensniseanelundazifeusswainaue lngldatanisnensaidaliun wu
351048 u1Ad eufi 629U vTn (Weighted Moving Average) %3935 n15USuiisurd ndlniuwdea

(Exponential Smoothing) iBtuAuLLuglun1IAIANITA]
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AN A5 I TUSHASUMS BTEUUYI8NINSTUB A LU A LYW Microsoft Excel, SPSS %58
godWd3 ERP Nilligan1s1auNLAINFDsNS (Demand Planning) iatsandefinnainainnis
AUIUAIEATLDS

mstuiintoyasenierafuszuuuassioides iedugudoyalumsinnzinniiuuay
AR UAAAAALARLYIN TNENTallunsazsey
Frunsnaununsdsie

msthAUsinunsdsiefiusendn (E0Q) uazqadadolul (ROP) Aildarnnsdnunil Tuld
Usenounmsunumsdsdodudluusazdisnan eliansamunudunusesdudiasedsld

287190ULANT AN

U
U = o A

msdmhszuuiouileuununndsiqadselvl (ROP) ievdndssdymnisuiauaay
Aufnsenitseumsdade Tnvanunsoldayntuiinvielusuny Excel Srufugrsdundnlulifio
AnmuUTinaduaasfawuUTusio iy

AsUuLunsdsteliaenadestuggniamaidssUan dadutisfimudesnisensuantn
gy ilelianusodnwdenaudlsviumumindioamsvesgnén
dadinvaensidy

Tumsfnwiassd aueditelifeyasanuedoundsanannsaiszammnu $1dn eo1ad
fosindiumuanysailaraugniesuasdoyautsanian dutu Tumsisadutely mslideya
goaeTiinLanBEALaLIIuSINNBITY WAy MTIATIEiIAIARAARBLIINTIANE S WeNTal
iy ot lugnisidenisiunzanfigndmiunsweinsalnnudesnisermsuailundas

2391380

6. dsUduazanusiena
6.1 d@3Una
6.1.1 aig.lwamsﬁnm‘*ﬁ'ayjaﬂaﬂm&Jmmsﬂmﬁy’a 4 59a YaEnnIlUTZUINIU I

FUNBWIY INIALTYIT Y

MnmsnuTdoyaseaeemnsUaie 4 3 Tl 2566 uag 2567 wut

U 2566 feonu1e1MUanTITa SN890T TINWIAY $1UIU 5,932 §4 BUUNTIAY
fgonAv8a9an 31U 1,242 59 HoUNNITUSIEaAYI8TRRT 31U 513 99 Uaziiausulnay
floonuieafign 911U 280 g9 ANEIRU vanvIEeIMITUATHA SNBIO1B s2uaAY Truay
39,569 99 \WoungAINgUdyeAYILaEn U 4,793 09 WouSuIANdyanvIeTeIaIm I1UIU
4,667 01 waziieununiusiivenviediign S1uru 1,736 g3 MUERU soAve BNnTUaITHa

SN8902 5au99dY 31U 21,797 99 tBUAAIANTYBAYIUEIEN TIUIU 2,622 guABUNINYIALL
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HOAY18TBIANN TSI 2,622 93 WaziieuNnTANTsenvEifigniiuIu 933 ga amddy Tudiu
yos0wNIUa1sHA 85015 SronueTiuvieau S1uau 541 ga eudiueuivonviegean S1uau 98
09 Weununiusiganuiesesasn $1udu 69 1 uazifeunsngiruuaziieudunauiisenuiefian
11U 0 3 AUAIAY
9 2567 fyonuigotmsUana SNB90T Tauvad $1uau 3,832 99 ieunnTIAL
fyanu1egean 311U 585 99 LABUNINYIAY HEDAYIETBIRIT 11U 535 99 UazinouluyIgy
fvonugsinfian $1uau 105 g MudIAy sarrBeNSUANIA SNB901B SwveAUT UL 43,823
09 Waufugey lganviegedn 31U 5,417 99 auuns Ay Juenuiesedasan 4311 4,596 99
uazifoufiquiey Jveavesifian S1utu 1,814 93 Ay senwiemsUansiia SN8902 52
ey $1uru 10,497 09 ieudusioy fooaregean s1uau 1,341 09 WWeunaitau deanvis
5998931 119U 1,125 99 uaziieuiquieu Jeenviesiiiga 110U 522 g3 mudiu Tuduves
pwnsUania 85015 fwonunesiatisdu Sy 387 g9 eunguaiey TueavieguEn S1uIu 69
94 Weununius fluenviesesadun $1uru 55 9 uazifounninay duenviesign 17U 0 g9
AUAAY
6.1.2 agunamswensaluazidonldinaiiansneinsaleanviganinsuan aunsalussus

WY A1NA A9
=) 5 1,

1. nansnennsal wa 3 33 faudd 2566-2567 81msUansia SN8901 §huu 9,764
04 9115Ua1 397 SN8901B 91u1u 83,392 99 81M13UaNT9d SN8902 T113U 32,294 4 UaLDIWIS
Uansia 85015 91U 928 9

Brnadwmdouiiosnaie (3 o) linan1swensaluenvieesualswa SN8901
U7 8,315.67 g4 81MTUASE SNBI01B 91U 72,708.33 59 8115Ua59d SN8902 duiu
29,725 93 UWaga m1sUasyie 85015 31uIU 809 g9

FBnaeaeasufinuudiaimen (3 ew lenanswensaleenvieveseisian
%@ SN8901 91U7U 4,178.83 59 1M15UA15%d SN8901B §1u1U 36,375.17 53 1m5UaSd
SN8902 ¥1uau 14,883.50 wagewnsuansia 8501S 3113w 425.50 §9

FUsuseudndlmuudeaiinndain wirtu 0.5 ldnanisnensaleenuievetans
Uansiia SN8901 91u3u 11,756 99 8115Uanswa SN8901B 91u3u 78,872 94 8115Uansid
SN8902 113U 32,519 99 WarewnsUanswia 85015 913U 943 g9

2. HAANANSLADAWATANITNYINTAL WU 3%‘1’7f1ﬁ¢hmwmamm?{auﬁ'wﬁqm Ao
AtaagLAaoufinuudrsimin (3 Wew) wudtenmnsuaisia SN8901 TaAeasAuAaInLAd oY
duysalivinny 138 ANLRA UALAAIALAS BUAISIFBUVNAY 46,529 navAad slUesidud Ay

AaRLARBULINAUTeEAE 64.08 8IM15UANTA SNBY01B laraduauAaandauduysalvindy
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1,919 ANLQA8ANARNALAG BURNSIE@RUVNAY 4,383,171 nazAnadsledidudanunainnaou
winfufesas 49.64 ensuan s SN8902 ldrindsanunaiairdeuduysaliviniu 667 Aade
ANAANALARBURE @B LYINTU 705,578 wavAaasiUesidus muraaadeuintuSesay 56.72
Tuduvesevnsvansiia 85015 fAadvanunainindsuduysal indu 22 Aedsauaain

[y

WAADUASIERWYINTU 699 warAadsUasidus mnuRaIaLAdeUWINiUSaay 57.44

(%
LY [

Feifu agunamaiFeuiivuiununisddenuimsdedouss 38 E0Q (Houuazvd
n3UsuUge) s?fﬂamé}’unumié"q%asuaqmmiﬂmsﬁa SN8901 yaAde 17,039 U é’unuiumié"q%a
12,779.28 U awnsUansia SN8Y01B bonde 42,597.60 U dunulunsdsde 38337.84 U
p1sUansa SN8902 sonde 25,558.56 U Aunulun1sdaiio 23,428.68 UM wageIUA
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Abstract

This study aims to analyze the demand patterns of aircraft spare parts used in unscheduled maintenance and
to propose appropriate forecasting methods tailored to each demand type. Historical usage data spanning
five years (2018 to 2022) were collected for 58 distinct spare parts. The demand classification was
conducted using two key indicators, namely the Average Demand Interval (ADI) and the Squared
Coefficient of Variation (CV?), which facilitated the categorization into Smooth, Intermittent, Erratic, and
Lumpy demand patterns. Following the classification, suitable forecasting techniques were applied to each
demand type. Exponential Smoothing was used for Smooth demand, the Bootstrap Method was applied to
Intermittent demand, and Croston’s Method was adopted for both Erratic and Lumpy demand. Forecast
accuracy was assessed by comparing the Mean Squared Error (MSE) of each technique with the
conventional Moving Average method currently in use. The results indicate that the majority of the spare
parts, accounting for 65.52 percent, exhibit an Intermittent demand pattern. The proposed pattern-specific
forecasting techniques demonstrated notable improvements in accuracy: for the dominant Intermittent
group, the Bootstrap Method reduced forecast error (MSE) by approximately 42.61%; Exponential
Smoothing reduced MSE for Smooth demand by 15.91%, and Croston’s Method yielded an 11.75%
improvement for Erratic demand. However, accuracy for the Lumpy item declined due to model limitations.
Overall, this tailored approach led to an average forecast error reduction of 18.37% across all items
compared to the conventional Moving Average method. These findings emphasize the importance of
aligning forecasting techniques with actual demand characteristics to improve prediction accuracy. The
proposed approach improves inventory decision-making in aircraft maintenance operations and shows
potential for broader application in industries facing similar demand irregularities.

Keywords: Demand Forecasting, Intermittent Demand, Spare Parts, Inventory Management, Bootstrap
Method, Aviation Maintenance, MRO
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1. INTRODUCTION

Demand forecasting is a critical process in inventory management and resource planning across industries,
encompassing manufacturing, transportation, and service sectors. Accurate forecasting enables
organizations to procure raw materials and schedule production efficiently, thereby reducing excess
inventory costs and minimizing stockouts that could delay responses to customer demand. As such, demand
forecasting plays a vital role in enhancing long-term operational efficiency and competitiveness.

Various forecasting techniques have been developed to address different demand characteristics. A
thorough understanding of demand patterns allows organizations to apply forecasting methods that are most
appropriate for each situation, ultimately improving accuracy and optimizing inventory management.

In the aviation industry, forecasting the demand for spare parts used in aircraft maintenance is of paramount
importance. Maintenance activities frequently encounter irregular and highly volatile demand for parts.
Inaccurate forecasting can lead to spare part shortages during critical maintenance periods or, conversely,
to excessive stockpiling, resulting in unnecessary inventory costs. A case study conducted within an aircraft
maintenance unit revealed that reliance on a single forecasting technique, specifically the Moving Average
method, has led to operational challenges. In some cases, forecast inaccuracy caused delays in maintenance
due to unavailable parts, which disrupted the unit’s operational plans and resulted in additional costs related
to urgent procurement or idle time. In other cases, excessive inventory led to increased holding costs,
including storage expenses, part degradation, and opportunity costs due to capital being tied up in surplus
inventory.

Achieving an optimal balance between spare part availability and inventory cost is essential for the aviation
sector. Efficient spare parts inventory management directly supports safety, service reliability, and cost
control. Consequently, aviation organizations must recognize the importance of demand forecasting and
continuously refine forecasting techniques to reflect the volatility and diversity of real-world demand. This
study aims to address these challenges by analyzing the historical usage data of high-value aircraft spare
parts to classify their demand patterns and by proposing suitable forecasting techniques that align with those
patterns. It is hypothesized that applying forecasting methods tailored to specific demand characteristics
will improve prediction accuracy, reduce the incidence of spare part shortages, and enhance inventory
management efficiency in aircraft maintenance operations.

2. LITERATURE REVIEW

2.1 Classification of Aircraft Spare Parts

In the aviation industry, effective management of aircraft spare parts and components is crucial because it
directly affects maintenance readiness and flight safety. According to the International Air Transport
Association (IATA, 2015), aircraft spare parts can be grouped into three main categories. The first group
consists of Rotables, which are high-value components such as engines that can be repeatedly used and
restored to serviceable condition after failure through repair or maintenance. The second group includes
Repairables, which are lower-value items like oxygen cylinders that can also be repaired, although they
typically have higher failure rates and shorter service lives compared to rotables. The third group is
Consumables, which are non-repairable parts used only once and then discarded, such as fasteners and
gaskets. This classification is key for determining inventory strategies and forecasting requirements, as it
identifies parts needing frequent replenishment to ensure safe aircraft operations.

2.2 Classification of Demand Patterns
Understanding demand patterns is fundamental to effective inventory control and accurate forecasting,
particularly in the aviation maintenance context. Thummathid (2020) proposed a widely recognized
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classification framework that categorizes demand into four distinct types, each defined by the frequency
and volume of part usage. To facilitate this classification, two statistical indicators are commonly employed:
the Average Demand Interval (ADI), which measures the average time between non-zero demand
occurrences, and the Squared Coefficient of Variation (CV?), which captures the relative variability in
demand magnitude. These metrics are calculated from historical usage data and enable the systematic
identification of demand characteristics across different spare parts.

The four demand types include Smooth Demand, which refers to consistently recurring demand with low
variability; Intermittent Demand, characterized by irregular demand intervals that complicate prediction;
Erratic Demand, marked by sharp and unpredictable fluctuations; and Lumpy Demand, which involves
sporadic demand occurrences combined with large order quantities. Aircraft spare parts may exhibit any of
these demand behaviors depending on their operational role and maintenance cycle. Therefore, accurate
demand classification is essential prior to selecting forecasting techniques, as mismatches between demand
type and forecasting method can lead to significant inefficiencies such as overstocking, part shortages, and
increased holding costs.

2.3 Demand Forecasting

Demand forecasting plays a pivotal role in inventory management, enabling organizations to plan
proactively and respond efficiently to customer needs. Accurate forecasting minimizes the risk of
overstocking, which incurs unnecessary storage costs, while also mitigating shortages that could disrupt
operations. Therefore, demand forecasting improves service readiness and organizational responsiveness
to market fluctuations (Watanabe, 2023). Fundamentally, demand forecasting methods can be classified
into three main categories. The first is the Causal or Regression Method, which employs mathematical
modeling to examine the relationship between demand and external variables such as economic conditions
and seasonal factors. This approach allows organizations to quantify how such factors influence demand
patterns. The second is the Qualitative Method, which relies on expert judgment and is particularly useful
when historical data are unavailable, or uncertainty is high. It is commonly applied to forecast new products
or services with no prior demand history. The third is the Time Series Method, which utilizes historical data
to project future demand by identifying patterns such as trends, seasonality, and random fluctuations. Each
method has its own strengths and is selected based on the nature of the data, the forecasting context, and
the decision-making needs of the organization.

Due to the irregular demand for aircraft spare parts, selecting a forecasting technique that matches each
item's specific demand pattern is essential for accuracy. To address this, the present study adopts four
forecasting techniques, each matched to a corresponding demand type.

1. Moving Average Method

The Moving Average Method is a widely used and straightforward time series forecasting
technique. It estimates future demand by averaging past demand values over a specified number of
historical periods. This approach assumes that future demand will reflect the average behavior of recent
periods, effectively smoothing out short-term fluctuations.

n
o Ai=1 xi
Xt = —
where:
X¢ = Forecasted demand at time ¢
Xi = Actual demand observed at time i
N = Number of historical periods used in the calculation
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2. Exponential Smoothing Method

The Exponential Smoothing Method improves upon the Moving Average approach by assigning
greater weight to more recent observations. This makes it particularly effective for datasets with identifiable
trends or short-term variability. Unlike the Moving Average method, which treats all past data equally,
Exponential Smoothing places emphasis on the latest demand values, allowing for more responsive and
adaptive forecasting.

The forecast for the next period is computed using the following formula (Watanabe, 2023):

5C\:+1 = 5C\t +a (x;-jC\;)
where:

X ++1= Forecasted demand for time #+/

X, = Forecasted demand at time ¢
X; = Actual demand observed at time ¢
0. = Smoothing constant (0- 1)

3. Croston’s Method

Croston’s Method is a forecasting technique specifically developed to handle irregular demand,
which is characterized by sporadic and unpredictable occurrences. Such patterns are commonly found in
aircraft maintenance, where spare parts may not be required every period. Traditional methods such as
Moving Average or Exponential Smoothing often fail in these cases due to their assumption of continuous
demand. In contrast, Croston’s Method improves forecast accuracy by independently estimating both the
demand size and the interval between non-zero demands (Croston, 1972; Thummathid, 2020; Baisariyev et
al., 2021).

This dual-component approach is particularly effective when zero-demand periods are frequent.
The forecast for the demand size Yt when actual demand is non-zero is computed using the exponential
smoothing formula (Thummathid, 2020):

Yi=aX—;+(1—a) Y-

where:
Y, = Estimate mean size of non-zero demand size at time ¢
Xr—1= Actual non-zero demand in the previous demand period
a = Smoothing constant

In addition to forecasting the demand size, Croston’s Method also estimates the interval between

non-zero demands. The smoothing formula for the inter-demand interval is given as follows (Thummathid,
2020):

Pr=aQi—1+ (1 —a) Pr—;

where:

P, = Estimate means interval between non-zero demand at time ¢
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Qr- 7= Actual time interval (in periods) since the last non-zero demand

o = Smoothing constant

After independently forecasting both the demand size (Yt) and the inter-demand interval (Pt) the
final demand forecast for a given period is computed as (Thummathid, 2020):

=Y

Ft—Pt

where:
F; = Forecasted demand at time ¢

4. Bootstrap Method

The Bootstrap Method is a forecasting technique developed to address the challenges of
intermittent demand, where traditional time series models often fall short due to frequent zero-demand
periods. This method enhances forecasting accuracy by using resampling techniques to generate multiple
synthetic datasets that preserve the statistical structure of the original data. These datasets are then used to
compute forecast values through statistical aggregation (Bookbinder & Lordahl, 1989;Willemain et al.,

2004).
The process begins with random sampling with replacement from the original historical demand

dataset {X;, X2, X3..., X»} (Bookbinder & Lordahl, 1989). Each resampling iteration i produces a new
simulated dataset of size n, defined as:

Xi = {Xi1, Xi2, Xi3+--, Xin}
Where each element X;; is randomly drawn from the original dataset:

Xij= X1, X2, X3..., Xn}

After generating bootstrap samples, each synthetic dataset is passed through a defined forecasting function
/() to obtain an individual forecast 8; The overall forecast value 6* is then obtained by aggregating the
forecasts across all bootstrap replications:

0% = f(Xi1, Xi2, Xi3---, Xin)

This procedure allows the model to reflect uncertainty and variability in intermittent demand by leveraging
empirical data patterns rather than relying on strict parametric assumptions.

In the case study under investigation, the organization currently employs only the Moving Average method
to forecast demand for all categories of spare parts, regardless of their distinct usage patterns. This
generalized approach often leads to inaccuracies, particularly when the demand is irregular or volatile. To
address this limitation, the present study proposes a pattern-specific forecasting framework in which
forecasting techniques are selected based on the identified demand characteristics of each item. Specifically,
Exponential Smoothing is applied to items with Smooth Demand, where demand occurs regularly with low
variability. The Bootstrap Method is used for items exhibiting Intermittent Demand, characterized by
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irregular occurrence and frequent zero-demand periods. Croston’s Method is employed for items with
Erratic Demand, which show high volatility, as well as for Lumpy Demand, which features sporadic but
high-volume usage. By aligning forecasting techniques with specific demand patterns, this approach aims
to improve prediction accuracy, enhance spare parts planning, and reduce both shortages and excess
inventory in aircraft maintenance operations.

Table 1 Comparison of Forecasting Methods

Forecasting Method Strengths Limitations Key Differences

Moving Average Simple and easy to calculate. Slow to react to changes. Averages a fixed window of
Unsuitable for intermittent, historical data.
erratic, or lumpy patterns
because it assumes
continuous demand.

Exponential Smoothing More responsive than Moving Not designed to handle the Uses a smoothing constant
Average by weighting recent data  zero-demand periods  (alpha) to weight all past data
more heavily. Ideal for stable, characteristic of intermittent, exponentially.
non-intermittent (Smooth) erratic, or lumpy patterns.
demand.

Croston's Method Specifically designed to handle Can be biased and less Deconstructs demand into
zero-demand periods by accurate than specialized two separate components:
separating forecasts for demand bootstrap methods for highly  size and occurrence

size and demand interval. The variable intermittent demand. frequency.
standard approach for erratic and
lumpy demand.

Bootstrap Method Most effective method for More computationally A  non-parametric, data-
intermittent demand. Does not intensive than other methods. driven simulation method
assume an underlying data May have limitations with that forecasts an entire
distribution. Proven to be more non-stationary data. probability distribution.
accurate than Croston's and
Exponential ~ Smoothing  for
intermittent patterns.

2.4 Forecast Accuracy Measurement
Evaluating the accuracy of forecasting methods is essential to ensure that forecasted values closely
approximate actual demand. Forecast performance is typically assessed through various statistical
techniques that measure both bias, which refers to the tendency of forecasts systematically deviate in one
direction, and precision, which indicates the closeness of forecasted values to the actual demand in each
period (Watanabe, 2023).

Several well-established metrics are commonly used to evaluate forecast performance. Mean Error (ME)
calculates the average difference between forecasted and actual values and serves as a basic indicator of
whether forecasts tend to consistently overestimate or underestimate demand. However, ME may be less
informative when dealing with volatile data. Mean Absolute Deviation (MAD) addresses this by measuring
the average of absolute differences, thereby capturing overall forecast accuracy without regard to error
direction. Mean Squared Error (MSE) builds on this by squaring forecast errors before averaging, which
gives more weight to larger errors and is particularly useful for highlighting major forecasting inaccuracies.
This aligns with the objective of the current study, which seeks to identify clear differences in model
performance. Lastly, Mean Absolute Percent Error (MAPE) expresses forecast errors as a percentage of
actual demand, making it suitable for comparing models across datasets with different scales. However,
MAPE becomes problematic when actual demand values are zero, leading to undefined or distorted results.
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Each of these metrics offers different insights depending on the characteristics of the data and the
forecasting objectives. This aligns with approaches in previous studies, where metrics such as MSE and
MAPE were commonly used to evaluate and compare model performance for intermittent and lumpy
demand (Thummathid, 2020; Baisariyev et al., 2021). In this research, Mean Squared Error (MSE) is
selected as the primary performance indicator due to its ability to emphasize large deviations and provide
a clear evaluation of forecasting error, which is critical for analyzing and comparing the performance of
various forecasting methods applied to aircraft spare parts. Furthermore, to formally validate the
comparison, statistical tests such as the paired t-test are often employed to confirm if a model's performance
is significantly superior to others, a practice demonstrated in recent supply chain forecasting literature.
(Jahin et al., 2025).
2.5 Related Studies

Several studies have highlighted the importance of accurate forecasting for aircraft spare parts.
Harimansyah and Imaroh (2020) identified inaccurate planning and forecasting as the primary contributors
to high inventory levels and demonstrated that appropriate forecasting techniques could significantly reduce
forecasting errors. Similarly, the challenge of intermittent demand, which this study found to be the most
common pattern, was addressed by Thummathid (2020), who compared Croston’s Method, Holt’s Linear
Method, and a Multi-Layer Perceptron Neural Network, finding the neural network model to be most
accurate for such irregular demand patterns. The effectiveness of the Bootstrap Method for intermittent
demand, a key technique in our proposed approach, was validated by Baisariyev et al. (2021) who found it

offered higher accuracy than traditional methods in managing such demand.

More recent studies have further explored the use of advanced computational methods. For instance, Fan
et al. (2023) introduced a method that first uses a clustering algorithm to group spare parts based on their
intermittent features before applying a forecasting model, reinforcing the principle that classifying demand
patterns is a critical preliminary step. Furthermore, Shafi et al. (2023) focused specifically on the aviation
industry, applying a Long Short-Term Memory (LSTM) neural network to tackle lumpy and intermittent
demand, demonstrating the potential of deep learning models to improve forecast accuracy and aviation
safety.

These studies collectively underscore a clear trend towards adopting more sophisticated, pattern-specific
forecasting methods over traditional, one-size-fits-all approaches. To synthesize these findings and position
the current research, a summary of key literature is presented in Table 2.

From the literature review summarized in Table 2, a research gap emerges. While previous studies have
effectively demonstrated the superiority of specific forecasting methods for certain demand patterns, a
comprehensive framework that first classifies demand into multiple patterns (Smooth, Intermittent, Erratic,
and Lumpy) and then systematically applies a corresponding, validated forecasting technique to each is less
explored in a real-world aviation case study. This study aims to fill that gap by not only identifying the
dominant demand patterns in an aircraft maintenance environment but also by empirically comparing a
pattern-specific forecasting approach against the conventional, one-size-fits-all Moving Average method.

Table 2 Summary of Key Literature and Research Gaps

Resc(e;rch;r(s) Key Method(s) Used Key Finding(s) Gap / Relevance to This Study
ear
Bookbinder & Bootstrap Procedure The Bootstrap method is preferable Foundational approach; does not
Lordahl (1989) (Direct Resampling) to the Normal assumption when the  specifically address complex

LTD distribution is non-standard. intermittent demand.
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Resg‘{”h‘;r(s) Key Method(s) Used Key Finding(s) Gap / Relevance to This Study
ear
Willemain et al. Bootstrap The new bootstrap more accurate A complex method focusing

(2004)

than Croston's and Exponential
Smoothing for intermittent demand.

primarily on intermittent demand.

Harimansyah & Cause-and-Effect Inaccurate forecasting is a primary Did not classify demand types in

Imaroh (2020) Diagram, Multiple contributor to high inventory levels.  detail before selecting forecasting
Forecasting Methods methods.

Thummathid Croston's Method, Holt's ~ The Neural Network model yielded Did not directly compare with the

(2020) Linear, Neural Network the highest forecasting accuracy for ~ Bootstrap Method.

intermittent demand.

Baisariyev et al.
(2021)

Bootstrap Method

The Bootstrap Method offered
higher accuracy in managing
intermittent demand.

Noted that the Bootstrap Method
had limitations when applied to
lumpy demand.

Fan et al. (2023)

Intermittent Feature
Adaptation (Clustering
before forecasting)

Grouping data by intermittent
features before forecasting improves
accuracy.

Supports the classification-first
approach; uses a different
classification technique (clustering).

Shafi et al. (2023)

Neural Network Model
(LSTM) for lumpy and

intermittent demand

Neural Network models are
effective for irregular demand in
aviation and impact safety.

Aviation-specific; represents an
advanced Al/Deep Learning
approach.

This Study

Demand Classification
(ADI, CV?), Bootstrap,
Croston's, Exp.
Smoothing

N/A

Systematically classifies demand into
4 patterns and applies an appropriate
method to each for comparison in a
real-world case study.

3. RESEARCH METHODOLOGY
The population for this study comprises all spare part items used in unscheduled maintenance within the
case study organization. The 58 parts analyzed were selected based on an ABC Analysis, representing the
highest-value items (Group A); this can be considered a form of purposive sampling. Historical usage data
spanning five years (2018-2022) were collected from the Enterprise Resource Planning (ERP) system of
the case study organization. The data preprocessing procedure then involved verifying the integrity of this
historical data and removing any clear data entry errors. Initial data management was performed using
Microsoft Excel, while all data analysis, classification, and the development of forecasting models were
conducted using the Python programming language. To compare the forecasting performance between the
proposed and current methods, this study selected the Mean Squared Error (MSE) as the primary
performance metric, as it gives more weight to larger errors. The research methodology is divided into four

key stages:
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\

Summarize and Discuss Results

Figure 1 Research Process Diagram

3.1 Analyze Demand Patterns

In this stage, the demand pattern of each spare part is analyzed and classified using two key indicators: the
Average Demand Interval (ADI) and the Squared Coefficient of Variation (CV?). Both indicators are
computed using the five-year historical demand data. The classification of demand patterns follows the

criteria adapted from Thummathid (2020), as outlined below:
= ADI<1.32and CV?<0.49 — Smooth Demand

= ADI>1.32 and CV?<0.49 — Intermittent Demand

» ADI<1.32 and CV?> 0.49 — Erratic Demand
= ADI>1.32 and CV?>0.49 — Lumpy Demand

The Average Demand Interval (ADI) measures the average number of periods between successive demand
occurrences and is calculated using the formula Thummathid (2020):

Total number of time periods

ADI =

Number of non—zero demand occurrences

To measure variability, the Coefficient of Variation (CV) is calculated as follows:
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J > (dr —dp)?

N
CV = 4
where:
N = Number of periods with non-zero demand
di' = Demand quantity in period i
d; = Mean demand during non-zero periods

Then, the squared value of CV, CV?2, is used in conjunction with ADI to classify the demand patterns as
noted above. This classification is critical for selecting appropriate forecasting techniques in the subsequent
steps.

3.2 Demand Forecasting
In this step, two forecasting approaches are applied to the historical demand data of the selected spare parts:

1. The current method used by the case study organization: Moving Average (3-period)

2. The proposed method in this research involves selecting a forecasting technique that is tailored to
the classified demand pattern of each spare part. Specifically, Exponential Smoothing is applied to items
with Smooth Demand, the Bootstrap Method is used for those with Intermittent Demand, and Croston’s
Method is employed for items exhibiting either Erratic or Lumpy Demand. This pattern-based forecasting
strategy aims to improve accuracy by aligning the forecasting model with the actual behavior of each spare
part's demand.

3.3 Compare Forecasting Accuracy

This step involves evaluating and comparing the forecasting accuracy between the current method (Moving
Average, 3-period) and the proposed methods based on demand pattern classification. The Mean Squared
Error (MSE) is used as the performance metric to assess forecast accuracy. MSE is calculated for both
methods, and the resulting values are compared to determining which method produces the lowest
forecasting error. Furthermore, a Paired t-test is conducted on the MSE results to statistically determine if
the performance difference between the two approaches is significant.

3.4 Summarize and Discuss Results

The final step summarizes the forecasting results and discusses the implications of the findings. The
discussion focuses on how the use of pattern-specific forecasting methods affects forecast accuracy and
inventory management. Recommendations for improving spare parts forecasting and broader applications
of the methodology are also addressed.

4. RESULTS AND DISCUSSION

The findings of this study are presented in two parts. The first part focuses on the analysis of demand
patterns for aircraft spare parts, which were classified based on historical usage data using the Average
Demand Interval (ADI) and the Squared Coefficient of Variation (CV2. The second part presents the results

of the demand forecasting, where the proposed forecasting techniques were applied according to each
identified demand pattern and compared against the current method used by the organization to evaluate
forecasting performance and accuracy.
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4.1 Demand Pattern Analysis Results

To identify the demand patterns of each spare part, the Average Demand Interval (ADI) and the Squared
Coefficient of Variation (CV?) were calculated using five years of historical usage data. Based on these
indicators, each part was categorized into one of four demand patterns: Smooth, Intermittent, Erratic, or
Lumpy.

A sample of the classification results is shown in Table 3, which presents the calculated ADI and CV?
values, along with the corresponding demand pattern for each spare part.

Table 3 Example of Demand Pattern Classification Results

PartID ADI Cv? Demand Pattern
A000A-243 1.250 0.120 Smooth
A000A-161 1.000 0.100 Smooth
A000A-072 5.000 0.000 Intermittent
A000A-582 5.000 0.000 Intermittent
A000A-261 2.500 0.000 Intermittent
A000A-119 1.667 0.125 Intermittent
A000A-093 5.000 0.000 Intermittent
A000A-094 5.000 0.000 Intermittent
A000A-221 1.667 0.653 Lumpy
A000A-370 1.000 0.839 Erratic

A summary of the demand pattern classification for all 58 spare part items is presented in Table 4.

Table 4 Summary of Demand Pattern Classification by Spare Part Type

Demand Pattern Count of Item Percentage (%)
Intermittent Demand 38 65.52%

Smooth Demand 18 31.04%

Erratic Demand 1 1.72%

Lumpy Demand 1 1.72%

As shown in Table 4, most spare parts (38 items or 65.52%) fall into the Intermittent Demand category,
indicating sporadic and unpredictable usage. The second most common pattern is Smooth Demand,
accounting for 18 items or 31.04%, which reflects regular and stable usage. Both Erratic and Lumpy
Demand are the least common, with only one item each, representing 1.72% of the total dataset. These
findings suggest that intermittent demand is the predominant challenge in managing spare parts inventory,
requiring specialized forecasting approaches to handle its variability effectively.

4.2 Demand Forecasting Results

Following the identification of demand patterns in the previous section, this part presents the demand
forecasting results for the selected spare parts. The study introduces a new forecasting method based on the
classification of demand types, applying different forecasting techniques tailored to each pattern.
Specifically, the Bootstrap Method is used to forecast demand for 38 spare parts identified as having
Intermittent Demand. The Exponential Smoothing method is applied to 18 parts classified as having Smooth
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Demand, and the Croston’s Method is used for parts with Erratic and Lumpy Demand, with one item in
each category.

In addition to the new approach, the current forecasting method used by the organization, which is the
Moving Average with a 3-period window, is also applied uniformly to all spare parts. This comparison
allows for the evaluation of forecasting performance between a one-size-fits-all technique and a pattern-
specific strategy. Table 5 presents sample results for selected spare parts, including actual usage values,
forecasts from both methods (current and proposed), and the corresponding Mean Squared Error (M SE)
values. This side-by-side comparison provides clear insight into the differences in forecasting accuracy
between the two approaches.

Table 5 Sample Forecasting Results Comparing the Proposed and Current Methods

Part ID Demand Proposed Current Actual Current New Current Proposed
Pattern  Forecasting method ~ Forecasting Forecasting  Forecasting MSE MSE
Method
A000A-243 Smooth Exponential Smoothing Moving Average 1.00 0.67 0.00 0.11 1.00
A000A-151 Intermittent Bootstrap Moving Average 0.00 0.00 0.20 0.00 0.04
A000A-019  Intermittent Bootstrap Moving Average 1.00 0.00 0.20 1.00 0.64
A000A-218  Intermittent Bootstrap Moving Average 0.00 0.33 0.20 0.11 0.04
AO000A-152  Intermittent Bootstrap Moving Average 0.00 0.33 0.20 0.11 0.04
A000A-584  Intermittent Bootstrap Moving Average 1.00 0.67 0.39 0.11 0.38
A000A-238  Intermittent Bootstrap Moving Average 0.00 0.00 0.39 0.00 0.15
A000A-072  Intermittent Bootstrap Moving Average 0.00 0.67 0.39 0.45 0.15
A000A-371 Erratic Croston’s Moving Average 0.00 5.00 4.88 4.00 3.53
A000A-208 Smooth Exponential Smoothing Moving Average 1.00 2.67 2.00 2.79 1.00

The forecasting results were further visualized using a line chart, as shown in Figure 2, which compares the
Mean Squared Error (MSE) of the current and proposed forecasting methods across all spare part items.
The chart clearly illustrates that the proposed forecasting approach consistently produces lower forecasting
errors than the current method. Specifically, the average MSE for the proposed method is 1.51, whereas the
current method yields a significantly higher average MSE of 1.85. These results demonstrate that the
forecasting techniques selected based on demand patterns offer substantially improved accuracy. In
summary, the proposed approach provides more reliable forecasts for spare parts demand, supporting better
inventory planning and reducing the likelihood of overstocking or shortages compared to the one-size-fits-
all method currently in use.

16| —=— MSE (NEW}
MSE (Current)

MSE Value
@

Figure 2 Mean Squared Error (MSE) comparison between the current method (Moving Average)
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and the proposed pattern-specific forecasting methods across all 58 spare part items.

To further analyze the performance of the proposed framework, the forecasting errors were aggregated by
each of the four demand patterns. Table 6 presents a summary of the average Mean Squared Error (MSE)
for both the current and proposed methods within each category.

Table 6 Aggregated Forecasting Errors (MSE) by Demand Pattern

Demand Pattern Number of Items Average MSE Current Average MSE Proposed
Intermittent 38 1.15 0.66
Smooth 18 3.33 2.80
Erratic 1 4.00 3.53
Lumpy 1 0.10 8.35

To formally assess whether the observed improvements in MSE were statistically significant, a series of
paired t-tests were conducted. The tests compared the MSE values from the proposed method against the
current method for the overall dataset and for the main demand pattern subgroups. The results of these
statistical tests are summarized in Table 7.

Table 7 Summary of Paired t-test Results for Forecast Accuracy (MSE)

Data Group N (pairs) t-statistic p-value (one-tail) Statistically Significant (at a = 0.05)
Intermittent 38 1.88 0.034 Significant
Smooth 18 0.64 0.264 Not Significant
Erratic 1 N/A N/A N/A
Lumpy 1 N/A N/A N/A
Overall 58 1.28 0.103 Not Significant

4.3 Discussion of Findings

This study supports the findings of Harimansyah and Imaroh (2020), who addressed excessive spare parts
inventory caused by inaccurate forecasting and suggested using multiple forecasting techniques to improve
accuracy. Similarly, Thummathid (2020) highlighted the difficulties in forecasting intermittent demand,
which corresponds to the demand pattern found in most of the parts analyzed in this study. Out of 58 spare
part items, 38 were classified as intermittent demand, confirming that irregular demand is the dominant
challenge in aircraft maintenance inventory. Baisariyev et al. (2021) also demonstrated the effectiveness of
the Bootstrap Method for handling unpredictable demand, which is consistent with the improved
performance observed in this study when the method was applied to intermittent-demand items.

Compared to these studies, the present research goes further by applying a pattern-specific forecasting
framework. The results show that this approach yields a lower average Mean Squared Error (MSE) of 1.51
compared to the 1.85 from the current Moving Average method, reflecting an overall improvement of
18.37%.
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Examining the practical impact for each demand type, the Bootstrap Method reduced forecast error for the
Intermittent group by approximately 42.61%, while Exponential Smoothing and Croston’s Method
achieved 15.91% and 11.75% improvements for Smooth and Erratic demand, respectively. Conversely, the
Lumpy item exhibited a decline in accuracy, likely due to the inherent volatility and limited sample size.
On average, this tailored approach yielded an 18.37% improvement across all demand types when
compared to the current Moving Average method.

A series of paired t-tests were conducted to determine if this improvement was statistically significant. For
the dominant Intermittent demand group (38 items), the test revealed a statistically significant difference (p
= 0.034), providing strong evidence that the proposed Bootstrap method is superior for this challenging
demand pattern. Conversely, for the 18 smooth demand items, the difference in performance between
Exponential Smoothing and the Moving Average was not statistically significant  (p=0.264). A statistical
comparison for the Erratic and Lumpy patterns was not feasible as each category contained only a single
item.

In terms of practical application, these findings are highly valuable for the case study organization. The
significant improvement for intermittent-demand parts can directly lead to more optimized inventory levels,
reducing holding costs and minimizing the critical risk of stockouts, which could otherwise lead to an
Aircraft on Ground (AOG) situation. Furthermore, the proposed pattern-specific framework is not limited
to the aviation industry and could be applied to other sectors facing similar irregular demand challenges,
such as in the automotive, electronics industries. For future research, it is recommended to explore more
advanced machine learning models. Techniques such as Artificial Neural Networks and deep learning
approaches like Long Short-Term Memory (LSTM) networks could potentially offer even greater accuracy,
especially if more granular data becomes available.

5. CONCLUSION

This research aimed to analyze the patterns and characteristics of aircraft spare parts demand in unscheduled
maintenance operations and to propose forecasting methods that align with the specific demand behavior
of each item. The study focused on 58 high-usage spare parts, classified as Group A items through ABC
Analysis, based on five years of historical usage data (2018-2022). The goal was to recommend forecasting
techniques that improve demand prediction accuracy and inventory planning effectiveness.

The analysis revealed that the majority of spare parts exhibit Intermittent Demand, accounting for 38 items
or 65.52% of the dataset. Smooth Demand was the second most common pattern, observed in 18 items
(31.04%). Erratic and Lumpy Demand were the least common, each found in only one item (1.72%). These
findings highlight that irregular demand dominates the spare parts inventory in aircraft maintenance
operations, reinforcing the necessity of specialized forecasting methods tailored to such variability.

The comparative evaluation of forecasting methods demonstrated that the traditional Moving Average
technique resulted in an average Mean Squared Error (MSE) of 1.85, whereas the proposed pattern-specific
forecasting approach achieved a significantly lower average MSE of 1.51. This represents an 18.37% reduction

in forecasting error. Therefore, the study clearly concludes that matching forecasting techniques to actual
demand patterns leads to more accurate predictions and more effective inventory management for aircraft
Spare parts.
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Abstract

Cross-Border E-Commerce (CBEC) plays an important role in China's economic expansion by streamlining
global trade integration. The CBEC supply chains exhibit significant vulnerability to disruptions owing to
their engagement with fragmented international markets, diverse stakeholder interests, and complex
regulatory frameworks spanning multiple jurisdictions. A resilient supply chain not only withstands and
recovers from unexpected disruptions but also ensures the uninterrupted flow of goods while sustaining
customer demand satisfaction. However, many influencing factors prevent the implementation of resilient
supply chain plans in CBEC. Identifying these factors is essential because it represents the foundational
step toward developing actionable solutions. This study analyzes that the factors influencing the resilience
of China’s CBEC supply chains using the Fuzzy Decision-Making Trial and Evaluation Laboratory
(DEMATEL) model. In progress, a structured questionnaire was employed to gather primary data.
Circulated in April and May 2024, the survey targeted experts well - versed in supply chain management.
Findings reveal that cross-border logistics, information sharing, government support, agility in the supply
chain, risk management culture and geographic distribution as cause factors, while inventory management,
payment and credit system, visibility in the supply chain, and trust with partners are considered effect
factors. The results provide actionable insights for policymakers and managers to enhance supply chain
resilience in China’s rapidly growing cross-border e-commerce sector.

Keywords: Cross-border E-Commerce, Supply chain resilience, Fuzzy DEMATEL, Affecting factors
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1.INTRODUCTION

Cross-Border E-Commerce (CBEC), as an important carrier of global trade in the era of digital economy,
has become a new engine for China's foreign trade transformation and upgrading and economic growth.
According to 2023 Annual Report on China's CBEC Market Data, China's CBEC transaction volume will
account for 40.35% of the total import and export value of China's trade in goods of 41.76 trillion CNY in
2023 (WanglingShe, 2023). This significant ratio not only highlights the escalating importance of CBEC
in China's economic structure but also attests to its transformative role in reshaping the dynamics of
international trade.
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However, with the accelerated evolution of global supply chain dynamics has presented increasingly
intricate challenges to the development of CBEC. For example, frequent occurrences of geopolitical
conflicts (e.g., Sino-U.S. trade friction, the Russia-Ukraine war), and disruptions in international logistics
networks (e.g., port congestion, freight rate volatility), which not only causes direct financial losses for
enterprises but also lead to operational inefficiencies (Yuan et al.,, 2024), severely undermining the
international competitiveness of CBEC enterprises.

Based on the above, enhancing supply chain resilience (SCR) has been recognized as a critical strategy to
address uncertainties (AlNuaimi et al., 2021; Raoufi & Fayek, 2021; Um & Han, 2021). SCR by
strengthening risk resistance, adaptability, and recovery capabilities, can effectively mitigate the negative
impacts of disruption events (Suryawanshi & Dutta, 2022). However, the implementation of SCR initiatives
is impeded by various intertwined factors. These factors range from internal operational aspects, such as
information sharing, inventory management, and agile response mechanisms, to external environmental
factors, including geopolitical uncertainties, cultural differences, and regulatory complexities. Discovering
these influencing factors is critically imperative, for it functions as the essential stepping towards the
development of robust and effective countermeasures (Znagui, 2024).

Hence, this study aims to identify and analyze the influencing factors of CBEC supply chain resilience.
There are two steps. First, identify the influencing factors through literature review and expert interviews.
Second, Fuzzy Decision-Making Experimentation and Evaluation Laboratory (DEMATEL) is applied to
assess the cause-effect relationships among these factors.

By applying the Fuzzy DEMATEL model to examine causal dynamics in China’s CBEC supply chains,
this research establishes a transferable framework for assessing interdependencies in complex global trade
networks, while delivering empirically grounded strategies for policymakers and managers to bolster
systemic resilience amid the sector’s accelerated expansion.

The remainder of this paper is structured as follows: Section 2 reviews the relevant literature on the
influencing factors of CBEC supply chain resilience and Fuzzy DEMATEL application. Section 3 details
the methodology. Section 4 presents the results of the data analysis, and Section 5 concludes the study.

2. LITERATURE REVIEW

2.1 The influencing factors of CBEC supply chain resilience

Owing to its transnational essence, CBEC operates within supply chain networks that are inherently more
complex than those of domestic e-commerce, characterized by dynamic regulatory landscapes, diverse
market expectations, and heightened exposure to external risks. As such, the survival and development of
CBEC enterprises are highly contingent upon "resilience" — specifically, the capacity to withstand shocks,
rapidly recover from disruptions, and flexibly adapt to uncertainties in an ever - changing global business
landscape (Liu et al., 2021). Considering the crucial and indispensable role that resilience plays in the
operations of CBEC enterprises, a comprehensive investigation into the multifarious factors exerting
influence on supply chain resilience is an imperative undertaking.

Existing literature has explored multiple influencing factors. For example, cross - border logistics is a
linchpin in CBEC supply chains, yet its inherent complexity and vulnerability pose significant risks to
resilience (Liu et al., 2021). Visibility allows supply chain managers to monitor the entire operation of the
supply chain in real-time (Ivanov, 2021). This means that potential problems, such as production
interruptions, logistics delays, or inventory shortages, can be identified promptly (Jain et al., 2017). Pettit
et al. (2010) said that it provides managers with the opportunity to make quick responses when facing risks.
Information sharing involves the real-time exchange of crucial data related to potential threats to avoid
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potential interruptions and their impacts. Effective information sharing among supply chain partners is
fundamental for resilience (Meyer et al., 2021). Ali et al. (2017) stated that employee training and
development are essential for cultivating employees' skills. In addition, de Sousa Jabbour et al. (2020) said
that achieving resilience against pandemics such as COVID-19, it is essential to adopt a culture of risk
management. In addition, government policies and the legal environment have become critical driving
forces (Das et al., 2022). This is because government support and regulatory frameworks can provide
stability and confidence to organizations, encouraging them to actively engage in innovative activities.

In conclusion, enhancing the resilience of CBEC supply chains requires a systematic integration of multiple
factors, including logistics optimization, information transparency, human resource cultivation, risk
management culture, and policy support, to cope with the dynamic and complex external environment.

2.2 Fuzzy DEMATEL Application
After identifying the influencing factors of CBEC supply chain resilience, it is essential to analyze the
relationships and relative importance among these factors (Zhang et al., 2020), as it reveals the effective
strategies to enhance risk prevention and control capabilities and optimize the overall supply chain
performance.

The Fuzzy DEMATEL method is selected as the analytical tool due to its effectiveness in handling
complex, uncertain, and subjective data (Algahtani et al., 2023). This approach combines fuzzy logic with
matrix-based analysis to address uncertainties in expert judgments, making it suitable for modeling complex
systems like supply chains. Existing research indicates that the Fuzzy DEMATEL method has a wide range
of applications across diverse fields, such as safety programs in regenerating abandoned industrial
buildings, and construction industry and so on, as shown in Table 1.

Table 1 The Applications for Fuzzy DEMATEL

Authors Research purposes
Abadi et al. (2021) Determining effective criteria for resilient supplier selection.
Liu et al. (2021) Identify of influencing factors in the CBEC supply chain resilience.

Evaluate the causal relationships of shift work, job stress, job satisfaction with

Zameni et al. (2021) the occupational health level in a petrochemical industry.

Exploring key decisive factors in manufacturing strategies in the adoption of
Industry 4.0

Identify of critical success factors for safety program implementation of
regeneration of abandoned industrial building projects in China.

Abdullah et al. (2022)

Chai et al. (2022)

Identify and segregate the supply chain vulnerability factors for manufacturing

Sharma et al. (2022) enterprises based on causal—effect relationships that exist between them.

Hossain et al. (2023) Identify and priority the factors of green lean supply chain management.

Identify the key factors leading to truck mining accidents and the relationships

Pandey and Mishra (2023) among these factors.

Assessing barriers of automation and robotics adoption in the Indian

Patel et al. (2024) construction industry.

Xu et al. (2024) Identify the key factors influencing scientific data sharing

In supply chain research, Fuzzy DEMATEL has proven particularly valuable. For example, Liu et al. (2021)
used the method to identify influencing factors in CBEC supply chain resilience. Dolatabad et al. (2022)
analyzed the key performance indicators of circular supply chains with Fuzzy DEMATEL, recognizing

39



X. Pan, W. C. Watanabe Journal of Logistics and Digital Supply Chain 3(2)

inventory availability, information availability, innovation, and technology as the key influential indicators.
Sarker et al. (2023) categorized 15 supply chain resilience drivers into cause-and-effect groups and
produced a priority list, identifying system robustness, geographically dispersed multiple suppliers, and risk
management culture as the top three critical SCR drivers.

Figure 1 illustrates the steps of Fuzzy DEMATEL adopted in this study. The process begins with identifying
the factors which are the key criteria relevant to the problem at hand. These factors, denoted as f;, f>, ..., fu,
where 7 is the number of factors. The experts on the direct influence of each factor f; on every other factor
f;using linguistic terms such as 0 to 4 (0 = “no influence”; 1 = “little influence”; 2 = “medium influence”;
3 = “strong influence”; and 4 = “very strong influence”) and convert these linguistic terms into triangular
fuzzy numbers (TFNs), as shown in table 2.

stepl: Form a committee of experts and gather the assessments
he dir it n each pair of factor:

(Step2: Get a fuzzy direct-influenced matrix 4

N
(Step3: Normalized of fuzzy direct-influenced matrix D )
)

%
(Step4: Attain total influence matrix 7

N
(StepS: Calculating the sum of the rows(D) and columns (R)

L

(Step6: Determine the these factors for cause and effect groups )

)

(Step7: Build the Cause and effect diagram )

Figure 1 The Steps of Fuzzy DEMATEL

Table 1 Transformation of Linguistic Variables and Triangular Fuzzy Numbers

Linguistic variables Influence score Triangular fuzzy number
No influence (NO) 0 (0.00,0.00,0.25)
Very low influence (VL) 1 (0.00,0.25,0,50)
Little influence (L) 2 (0.25,0,50,0.75)
High influence (H) 3 (0.25,0,75,1.00)
Very high influence (VH) 4 (0,75,1.00,1.00)

®7 £ © ;
ij 1, x j; is typically expressed

as a TFNs Ag-) = (lg), ml(]t) , ug)), where /; denotes the lower bound, representing the minimum possible
my; stands for the middle value, indicating the most likely influence u;; refers to the upper bound, signifying
the maximum possible influence. The aggregated fuzzy matrix A is then defuzzified into a crisp direct
relation matrix D to enable mathematical operations. The total-relation matrix 7, capturing both direct and
indirect influences, is computed using T = D(I — D)~ , where / am the identity matrix, (I — D)™ is its
inverse. And then, determining the sum of rows and columns from the total-relation matrix 7 provides
crucial insights into the influence dynamics within the system. The sum of the elements in row D; and

Each expert then provides an n x n fuzzy direct relation matrixes A®) = [A
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columns R; represents the total influence that factor i has on all other factors in the system and the total
influence that factor j receives from all other factors in the system (Gabus & Fontela, 1972).

Prominence (D;+R)), and relation (D; - R;) are two elements in Fuzzy DEMATEL method. Determining
prominence of each factor is obtained by the sum of its row and column sums (D;:+R;), which this value
represents the overall importance of the factor within the system. If the prominence value is higher than
that of other factors, it indicates that the factor is more significant in the system's overall dynamics. What's
more, determining the relation D; - R;. If the value of D; - R; > 0, indicates that the factor is cause factor,
oppositely, if the value of D; - R; < 0, indicates that the factor is effect factor. Finally, plot factors on a
cause-effect relationship diagram with prominence on the x-axis and relation value on the y-axis.

3.METHODOLOGY
To achieve the study’s objective, the flow of the methodology is shown in Figure 2.

Identifying of the influencing factors of CBEC supply chain resilience

I

Validating of the influencing factors of CBEC supply chain resilience

Verify with
experts by CVR

No—p revise

Yes

v

Identify the cause and effect groups of the influencing factors of CBEC
supply chain resilience using by Fuzzy DEMATEL

Figure 2 The Flow of Methodology

The literature review first focused on identifying the factors influencing that CBEC supply chain resilience.
This identification process was conducted through a comprehensive examination of academic and industry
publications. The initial list of the influencing factors was then subjected to expert validation to ensure
relevance and practical significance. The expert profiles are detailed in Table 3. To assess content validity,
Lawshe’s method was employed, with the minimum threshold for the Content Validity Ratio (CVR) set at
0.99 (Gilbert & Prion, 2016). Factors with a CVR equal to or exceeding the benchmark were retained, the
study proceeded to the next phase, while those falling below the threshold were excluded from further
consideration. Upon final agreement on the validated set of factors, the Fuzzy DEMATEL was applied to
explore the causal relationships among these factors.
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Table 3 The details of Panel Members

Years of work  Educationa Academic The nationalities Relevance to the CBEC
Experts . e ..
experience 1level position and affiliations context
Market Research and
1 25 years or more Ph.D Professor China, University Consumer Behavior,
Logistics and Supply Chain
2 10-15years Ph.D Associate China, University Logistics and Supp l.y Chain,
professor Data Analysis
3 3- 5-years Ph.D Lecturer China, University Logistics and Supply Chain
4 10-15years M.S Associate China, University Logistics and Supply Chain,
professor Data Analysis
5 10-15years M.S Lecturer China, University Logistics and Supply Chain,
Data Analysis

4.RESULTS AND DISCUSSION
4.1 The Identification of Influencing Factors for CBEC Supply Chain Resilience

The literature review identified 16 primary factors influencing CBEC supply chain resilience. These factors

are concisely summarized in Table 4, with each factor outlined clearly.

Table 4 The Identification of 16 Influencing Factors for CBEC Supply Chain Resilience

No. Influencing Factors

Definition

Sources

1 agility in supply chain

Management of the movement and
coordination of  goods across
international borders, ensuring efficient
and compliant operations.

(Yadav & Samuel, 2022); (Chen &
Huang, 2022); (Sarker et al., 2023)

The exchange of data and insights among

(Qureshi et al., 2023); (Zhang et al.,

2 information sharing supply chain part'n§rs to enhance 2023): (Sunmola et al., 2023)
transparency and decision-making.
Control of inventory levels, ordering, and | (Yazdanparast et al.,, 2021);
3 inventory management | usage to meet customer demand | (Priyadarshini et al., 2022); (Zhang
efficiently. et al., 2023)
4 customer demand Eh}llctu'atmns flp fcustomer {)urchalsllr}g (Giuffrida et al., 2017); (Zhang et
variability ehavior, affecting supply chain al., 2023)

planning and inventory needs.

5 visibility in supply chain

The ability to monitor goods and
information across the supply chain in
real-time for better responsiveness and
risk reduction.

(Qureshi et al., 2023); (Zhang et al.,
2023); (Sarker et al., 2023)

The capacity of the supply chain to

(Stoerk et al., 2019); (Giuffrida et

6 cross border logistics qplckl}{ adapt to unexpected changes or al., 2020); (Lu et al., 2023):
disruptions.
Assistance provided by governmental . .

7 government support entities, such as subsidies, policy (Singh et al., 2019); (Liu et al,

support, or infrastructure development.

2021)
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No. | Influencing Factors Definition Sources
F 1nan01;.11 mechanisms  that support (Dahbi & Benmoussa, 2019); (Kofi
transactions between supply chain

8 pay and credit system

partners, including credit terms and
payment systems.

Mensah & Simon Mwakapesa,
2021); (Lu et al., 2023);

9 trust with partner

The level of confidence and reliability
established between supply chain
partners, promoting cooperation and risk
reduction.

(Thitimajshima et al., 2018); (Guo
etal., 2018);
(Al Naimi et al., 2022)

10 | geographic distribution

The spatial placement of supply chain
facilities and partners, influencing
efficiency, costs, and responsiveness.

(Chen & Huang, 2022); (Sarker et
al., 2023); (Wang et al., 2023)

11 | risk management culture

It systematically internalized values,
behavioral norms, and institutional
frameworks within an organization,
enacted through a tri-level mechanism of
leadership  commitment, employee
engagement, and  cross-functional
collaboration.

(Yazdanparast et al., 2021); (Liu et
al., 2021); (Al Naimi et al., 2022)

cross border logistics

12 infrastructure

Physical and technological facilities
(e.g., warehouses, transportation
networks, IT systems) support cross-
border logistics.

(Lu & Wang, 2016); (Sassi, 2023);

13 | artificial intelligence

Use of machine learning and data
analytics to automate processes, optimize
decision-making, and predict patterns in
the supply chain.

(Zouari et al., 2021); (Al Naimi et
al., 2022); (Tang et al., 2023)

14 | customs clearance

The official procedures for moving
goods through customs to comply with
regulatory requirements for
import/export.

(Liuetal., 2021); (Zhou et al., 2022)

15 | cybersecurity measures

Security practices to protect digital
information and systems within the
supply chain from cyber threats.

(Alwan et al., 2023); (Luo & Choi,
2022)

staff  training  and

16 development

Programs aimed at improving employee
skills and knowledge to enhance
efficiency and adaptability in supply
chain operations.

(Bevilacqua et al., 2020); (Qureshi
etal., 2022); (Das et al., 2022)

4.2 Validated Influencing Factors

Based on the Content Validity Ratio (CVR) results in Table 5, it was evidenced that 10 out of the 16 initially
identified factors have a CVR of 1.0, indicating strong content validity and significant influence on CBEC
supply chain resilience. These factors included agility in the supply chain, information sharing, inventory
management, visibility in supply chain, cross border logistics, government support, pay and credit system,
trust with partners, geographic distribution, risk management culture. Conversely, factors such as customer
demand variability, cross-border logistics infrastructure, artificial intelligence, customs clearance,
cybersecurity measures, staff training and development exhibit did not exceed the benchmark of CVR
values. This suggests that these factors may not be as directly impactful as initially hypothesized, or there
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might be a lack of consensus among the experts surveyed regarding their influence on supply chain
resilience.

Table 5 The Result of Influencing Factors Based on CVR

Influencing Factors Code CVR Valid? (=0.99)
agility in supply chain IF 1 1.0 Yes
information sharing IF 2 1.0 Yes
inventory management IF 3 1.0 Yes
government support IF 4 1.0 Yes
cross border logistics IF5 1.0 Yes
visibility in supply chain IF 6 1.0 Yes
pay and credit system IF 7 1.0 Yes
trust with partner IF 8 1.0 Yes
geographic distribution IF 9 1.0 Yes
risk management culture IF 10 1.0 Yes
customer demand variability 0.6 No
cross border logistics infrastructure 0.6 No
artificial intelligence 0.6 No
customs clearance 0.6 No
cybersecurity measures 0.6 No
staff training and development 0.6 No

Table 6 The fuzzy direct-relation matrix (A)

a; IF 1 IF 2 IF 3 IF 4 IF5 IF 6 IF 7 IF 8 IF9 IF 10
IF 1 0.000 | 0.640| 0.733| 0.780| 0.733 | 0.733| 0.780 | 0.733 | 0.593 | 0.593
IF 2 0.780 | 0.000| 0.780| 0.780| 0.733 | 0.640| 0.780 | 0.733 | 0.593 | 0.593
IF 3 0.640 | 0.733 ] 0.000| 0.827| 0.780 | 0.593 | 0.687 | 0.687 | 0.547| 0.453
IF 4 0.640 | 0.687 | 0.780 | 0.000 | 0920 | 0.873 | 0920| 0920 | 0.687 | 0.640
IF5 0.687 | 0.780] 0.687| 0.687| 0.000| 0780 | 0873 | 0.873 | 0.687| 0.733
IF 6 0.687 | 0.687| 0.687| 0593 | 0.687 | 0.000| 0.733| 0.733| 0.640 | 0.687
IF 7 0.687 | 0.640 | 0.593 | 0.593| 0.547 | 0640 | 0.000 | 0.827 ] 0.593 | 0.500
IF 8 0.733 ] 0.640 | 0.687| 0.687| 0.687 | 0.687 | 0.733 | 0.000 | 0.500 | 0.500
IF 9 0.593 | 0.687 | 0.687| 0.640| 0.640 | 0.640 | 0.687 | 0.687 | 0.000 | 0.687
IF10 | 0640 | 0.640 | 0.687 | 0.687 | 0.547 | 0.640 | 0.593 | 0.687 | 0.687 | 0.000

Table 7 The normalized the fuzzy direct relation matrix (D)

a; IF1 IF2 IF 3 IF 4 IF 5 IF 6 IF 7 IF 8 IF9 IF 10
IF 1 0.000 | 0.091| 0.104| 0.110] 0.104| 0.104| 0.110| 0.104| 0.084 | 0.084
IF 2 0.110| 0.000 | 0.110| 0.110| 0.104| 0.091 | 0.110| 0.104 | 0.084 | 0.084
IF3 0.091| 0.104| 0.000] 0.117] 0.110] 0.084 | 0.097| 0.097| 0.077 | 0.064
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ajj IF 1 IF 2 IF 3 IF 4 IF 5 IF 6 IF 7 IF 8 IF9 IF 10

IF 4 0.091 | 0.097 | 0.110| 0.000| 0.130| 0.124 | 0.130 | 0.130 | 0.097 | 0.091

IF 5 0.097 | 0.110] 0.097| 0.097] 0.000| 0.110] 0.124| 0.124| 0.097 | 0.104

IF 6 0.097 | 0.097] 0.097| 0.084| 0.097| 0.000| 0.104| 0.104| 0.091| 0.097

IF 7 0.097 | 0.091 ] 0.084| 0.084]| 0.077| 0.091] 0.000| 0.117| 0.084] 0.071

IF 8 0.104 | 0.091] 0.097| 0.097]| 0.097| 0.097| 0.104| 0.000| 0.071] 0.071

IF 9 0.084 | 0.097 | 0.097| 0.091] 0.091| 0.091| 0.097 | 0.097 | 0.000| 0.097

IF10 [0.091| 0.091| 0.097| 0.097| 0.077 | 0.091| 0.084 | 0.097 | 0.097 | 0.000

Table 8 The total relation matrix (T)
aj; IF 1 IF 2 IF 3 IF 4 IF 5 IF 6 IF 7 IF 8 IF9 IF 10

IF 1 0.630 | 0.716 | 0.744| 0.745| 0.742| 0737 | 0.796 | 0.799 | 0.651 0.637

IF 2 0.739 | 0.642 | 0.758 | 0.755 | 0.751 0.735| 0.806 | 0.809 | 0.659 | 0.644

IF 3 0.682 | 0.696| 0.618| 0.719| 0.716 | 0689 | 0.752 | 0.759 | 0.617 | 0.593

IF 4 0.779 | 0.788 | 0.817| 0.713| 0.830| 0.820| 0.885]| 0.895| 0.722 | 0.701

IF 5 0.759 | 0.772 | 0.779 | 0.775| 0.687 | 0.782 ] 0.850 | 0.859 | 0.698 | 0.688

IF 6 0.700 | 0.702 ] 0.719| 0.704| 0.716 | 0.623 | 0.769 | 0.777 | 0.639| 0.631

IF 7 0.653 0.650 | 0.660 | 0.656 | 0.652 | 0.659 | 0.624 | 0.736 | 0.591 0.567

IF 8 0.682 | 0.674] 0.695| 0.691| 0.693| 0.688| 0.744 | 0.658 | 0.601 0.588

IF9 0.672 | 0.686 | 0.702 | 0.692 | 0.693 0.689 | 0.745 0.753 0.541 0.616

IF10 | 0.665 0.668 | 0.689 | 0.685| 0.670 | 0.676 | 0.720| 0.739 ] 0.618 | 0.517

Table9 The Cause-and-Effect Groups of Influencing Factors
Factors Code D R D+R RANK D-R RANK CAUSE OR EFFECT

agility in supply chain IF 1 7.197 | 6.961 14.159 5 0.236 6 cause
information sharing IF2 7.297 | 6.993 14.290 4 0.304 5 cause
inventory management IF 3 6.841 | 7.179 14.021 8 -0.338 8 effect
government support IF 4 7.950 | 7.135 15.085 1 0.814 1 cause
cross border logistics IF 5 7.649 | 7.151 14.799 2 0.498 2 cause
visibility in supply chain IF 6 6.979 | 7.098 14.076 7 -0.119 7 effect
pay and credit system IF 7 6.447 | 7.690 14.137 6 -1.243 10 effect
trust with partners IF 8 6.715 | 7.785 14.499 3 -1.070 9 effect
geographic distribution IF 9 6.789 | 6.337 13.127 9 0.452 4 cause
risk management culture IF10 | 6.649 | 6.183 12.832 10 0.466 3 cause
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Figure 3 The Cause-and-Effect Diagram

In general, the parameters (D + R) and (D - R) are commonly used to evaluate both the overall prominence
of each factor within the system and its role as either a cause or an effect in the network of
interdependencies. (Jindal et al., 2021; Xia et al., 2015).

As shown in Table 9, the importance ratings of the influencing factors of CBEC supply chain resilience are
based on the (D + R) values and noticed that factor IF 4 (government support) have a greater importance
rating than other factors. The prioritized sequence of resilience determinants in CBEC supply chains, ranked
by descending (D; + R)) scores, unfolds as: IF4 > [F5 > IF8 > [F2 > IF1 > [F7 > IF6 > IF3 > IF9 > [F10.

According to Table 9 and Figure 3, the influencing factors of CBEC supply chain resilience are clearly
divided into cause-and-effect groups based on the D-R values derived from the Fuzzy DEMATEL analysis.
Specifically, six factors—government support (IF4), cross-border logistics (IF5), risk management culture
(IF10), geographic distribution (IF9), information sharing (IF2), and supply chain agility (IF1)—exhibit
positive D-R values and are therefore classified as cause factors. These elements exert a strong influence
on other variables in the system and can be considered strategic leverage points for enhancing overall
resilience. Among them, government support (IF4) ranks first with an D-R value of 0.814, and its D+R
value (7.950) also tops the list, which means it has the strongest influence on other factors. Cross-border
logistics (IF5) has an D-R value of 0.498 and a relatively high D value (7.649), indicating that it has a
significant driving effect on the supply chain. Conversely, four factors—trust with partners (IF8), pay and
credit system (IF7), inventory management (IF3), and visibility in the supply chain (IF6)—have negative R-
C values and are categorized as effect factors, suggesting they are more likely to be outcomes of
improvements in the causal group. For instance, trust and visibility are dependent on the effectiveness of
information sharing and institutional support, while inventory management and payment reliability benefit
from improvements in logistics infrastructure and regulatory environments.

This paper holds significant value both theoretically and practically in the field of CBEC supply chain
resilience. From a theoretical perspective, this study contributes to the resilience literature by integrating
Fuzzy DEMATEL within the CBEC context, offering a structured way to model complex interdependencies
among resilience factors. It also affirms the importance of institutional and infrastructural variables in
shaping operational outcomes. From a practical standpoint, the findings serve as a decision-support tool for
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policymakers, logistics providers, and platform operators. By focusing resources on high-leverage causal
factors, stakeholders can create more resilient and responsive CBEC systems capable of withstanding
regulatory changes, geopolitical instability, and demand fluctuations.

5. CONCLUSION

This study aimed to analyse the influencing factors affecting CBEC supply chain resilience using by Fuzzy
DEMATEL. Through an extensive review of academic literature from databases like Google Scholar and
Scopus, 16 factors were initially identified. These were later refined to 10 factors through CVR evaluation.
The Fuzzy DEMATEL was applied to assess cause-effect relationships among these factors. The findings
indicated that factors such as cross-border logistics, information sharing, government support, agility in the
supply chain, risk management culture and geographic distribution emerged as prominent cause factors.
These elements act as foundational drivers, exerting significant direct and indirect impacts on other factors
within the supply chain ecosystem. In contrast, inventory management, pay and credit system, visibility in
the supply chain, and trust with partners were identified as effect factors, reflecting the operational
outcomes of the resilience-building process.

It is important to note that this study is constrained by subjective expert cognitive biases and the static
nature of its analytical model. Future research could incorporate dynamic Bayesian networks to explore the
time-varying impacts of fluctuations in U.S.-China trade policies on causal structures.
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Abstract

The research had two objectives: (1) to investigate the differences in attitudes of Thai
and international tourists toward factors influencing souvenir purchasing decisions, and (2) to
conduct an Exploratory Factor Analysis (EFA) of the key factors influencing souvenir purchasing
decisions. The research used a quantitative approach and a questionnaire as its instrument.
The sample consisted of 256 Thai tourists and 162 international tourists, determined by
sample size calculations based on a margin of error, and selected through purposive sampling
to ensure relevance to the research objectives. Quantitative data were analyzed using
descriptive statistics, including percentage, mean, and standard deviation, as well as inferential
statistics, namely t-tests, f-tests, and EFA, with SPSS serving as the primary analysis tool. The
findings revealed that most respondents were female and belonged to Generation Z and
Generation Y. The results of the differences in attitudes indicated statistically significant
variations: Thai tourists prioritized product-related factors such as product quality, local
uniqueness, and creative design, whereas international tourists placed greater emphasis on
sustainability and cultural value. Regarding price and distribution channels, international
tourists valued payment flexibility and delivery services more than Thai tourists. In terms of
promotion, both groups attached importance to confidence-building services and
advertising/public relations. The EFA results identified three product-related factors: (1)

branding, visual appeal, and packaging, (2) quality, convenience, sustainability, and
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representation of local identity; and (3) creativity, novelty, and product variety. The price factor
comprised one component: reasonable pricing and diversity in payment methods. Distribution
channels were categorized into two components: (1) convenience of purchase and product
availability at points of sale, and (2) convenience and readiness in delivery services. The
findings of this study offer helpful advice for developing marketing strategies that effectively

address the needs of both Thai and international tourist segments.
Keywords: Thai Tourists, Foreign Tourists, Intention to Purchase, Souvenir
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Y119mA e bilddeyansoungungAnssuuazANLANLALYDEeINgY

(3

VOUIRATUNUT Uszneumsuvasvioufierdfgylulsemalnefinsdvingnand aaivesi

' [
a ¥ v =

SEAN WU MANNYIDIDY WHAIUIEAUAIRHONTTY LAZANIUNYOUN 81T ITAIUSITY TITUNUNN

N0 NeINI w13 e wary1IR 9 RN DAl laNaT o NAR S U INSLAN

YOUAAUIAT ManusiuTindeyasiunisiutissesioa 3 Weu dwsidou natau f

'
LY Y

SunAu 2566 welvlavayanviuadouazazriounginssunisvelulagiu

Y

v = = a ¢ A A A <& v = |
VBULVANTULATDINBLLASNTITILATINSK Imﬁllﬁiaﬁll@WiﬂUﬂqiLﬂUﬂ@%aﬂaLLUUﬁ@UﬂqNNWUﬂqi

MIABUAIIUATUT UL o (Content Validity) tnesnsenmial 3 viruluaivinisnainuagnis

a1 v

o7 wazUsulnmudeidusiugauiainvdanudennasuaiont (Index of ltem-Objective

Congruence: 10C) aglute 0.67-1.00 Fationeglunaeiigansuld dmsunisnsiaaeunnuiesiu

Yaa 1

(Reliability) 133 nsnadeuAduUsEAns woan1wesAsauLIn (Cronbach’s Alpha Coefficient) ffu

NANFAI8E13111384 (try-out) 31W3U 30 AU LaglaA1AU@eUTINILUUADUNIULINNTY 0.70 wans

aa 1 Y] 1

Iilanudeielaluseivainsinaeideyaldnimaaeuanuuansimisaiiseninadnveaien

Y

Inguazs1an1991@ lagldnisnageua1iad swuudasy (Independent Samples t-test) Wagn1s

AATIRAULUTUTIU (ANOVA) ANAUiiIzan wienmuuassautldAgnadan p < .05 1

Y

aguanuuansnaseninenguegiiauiieiie wenanldldn1siATeiodnUsenouldednsIa

'
v aaa a 1

(Exploratory Factor Analysis: EFA) iiaszysaznsiaaaulassaieesdadeniidnsnasdanisandula

[

Fondnnmeivesriszan lagldisnisainesAusznaunan (Principal Component Analysis: PCA)
FAAUNITNYURAUKUY Varimax Rotation titelladadeniinudaauuasiiniuladeg wnaueinig

[y 1Y

W9158d71 LAA A" Factor Loading AasiiAa1nnan 0.50 teduduindanlsiianuduiusiuiady

o w |

| Ao . v 1 A a o W o A Y
BYNUUYAIALY LhaEAN Elgenvalue #9911NNI1 1.00 LWEJWR]’]%IJWM’]@J&’]@ZUJUEN{]ﬁ)f\]‘EJ‘I/lmh

4.3 JUNAFIUNTIY

o w

H1: Viduafvasdnviauinednekazinoune1siniewfwsnea1aiueg1eldedfunieans

o

savavsnisinaulatendniuevasnsedn (GP’s: Product, Price, Place, Promotion)

1) YiAuARUeItnViown e nenazs1In9Ifisae Product (NARNUN) TANULANA

Au

59



C. Nilsonthi et al. Journal of Logistics and Digital Supply Chain 3(2)

2) virrupfvaainvioune lnenazyIs1eufee Price (51A7) TAMULANFAIAY

3) YiruARYILNNaL AL INeLazYIE19ERAD Place (¥0IN19NISINIIMUIE) TAIU

LANAIAY

4) vidupRvaainvieNednewazy1In9wIine Promotion (Nsda@sunisnann) i

AIUBANFGAU

| Y

H2: 1aseassvesdadenilanudiAngdenisinduladendndnsivesisednaiunsadnngy

a v

soniuesusznaufiuanseiuldegaiioddynisadn
1) JadeiiAerdesiu Product azgninnaalussduszneulfiertu
2) YadviiAeadeatu Price axgninngulussdusznauifiodiu
3) Yadeiiieadesiu Place axgninnaulussduszneulfiortu

4) Jadeiifeatesiiu Promotion zgninngulussAusenauiieniu

a

4.4. NTAULUIAATIUNITIVY

[
av A

unarnAdeilifunmsideidsBmadiysinuiiafennisnandeddninadensinaulade
wAnAneivosiiszanvosinvieafisdlneuazyisand Taegideldimuanseunuifnnsisemy
LuIAANIsAaIAE 3UUsEAY (Marketing Mix) n3avgued 4P’s 493 Kotler wag Keller (2012) R
Uszneusne 4 eaduszneudifey Iiun wandus (Product) Anseunqudnuaz Annm Anudy
LNaNwYAl NM59ENLUY WazANAMNTIMUsITIVRIAUA1YDIATEEN T1A0 (Price) iTNTaINAY
wngan anudue eslusdalunmsdisa uagmnuBavguvesdeulunistisziu desmanisdn
$1mmi1e (Place) Mjatiumnuagmnlumsidnfisdudn aramienvesdud wagsuuuunsdndiming
finannnane siedomnsesulatl uaznisduaiunisnain (Promotion) finseungunslaman N3
Usgnduius msdaRanssudaadunisne uazmsdemsiiaueuidosulvitulde nseuwwdai
gnianldiduiiugiilunisesnuuuuuuasuauazinuafudide itelfaunsiinseitans
Wisuisuiimuafszninainvieadiedlneuazenaiend waznisiinsziosduszneuiladina

(Exploratory Factor Analysis: EFA) tieaduuniadeeasvadisiaziifnienisnain
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Obj.1
Compare

Group A : dnvieuiiuatning Group B : inveailtatmsinemi

Obj.2 EFA -4 Factors

I Pro_1 ” Pro_2 “ Pro_3 | Pro_4 | | Pri_1 || Pri_2 || Pri_3 | | Pla_1 || Pla_2 ” Pla_3 | I Pr_1 “ Pr_2 || Pr 3 |

48 NN193A nrgaeTa

WARA

nImaa
(Promotion)

Smdy
Product

(Place)

Pro_12 H Pro_13| | Pri_4 H Pri_5 “ Pri_6 || Pla_4 || Pla_5 || Pla_6 | l Pr_4 ” Pr_5 “ Pr_6 |

Pro_10 | Pro_11 |

AN 1 NSDULUIAANITIVY

nsoULUIANNTITEHUSENOUMEaDI TR UTEasAnan taua (1) N13ANYIALLANAINIY

Ly a

AunRuesinviesiealng (Group A) Laztinviounear1619uR (Group B) Nillsietladunisandula

FONANAMINVOINTTAN LAz (2) N15ILATIZNBIAUTENBULT 1593 (Exploratory Factor Analysis;

EFA) aaslladeniimudrfysionsdnduladondndunvesisedn nsoununAniilansfaniuduius
O oy

serinnguinviesienutadensdiu (4P's) lawn wansinen (Product), 51A1 (Price), 84N19N1599

dmie (Place) wagnsdaaiunisnann (Promotion) Fadutladeddglunisiiases

dmsuingusgasrdausn malSeuiisuseninsinviesnienlnewasyisinwd Inensen
v a :j 1 LY ! ‘:1' Aa LY U a ‘:9'; b 14 ! .
ViruaRvesassnguinveednnedadenisdndulate 4 eu @ Product, Price, Place, uaz
Promotion Yayatudiuiazieszyanuuanaslunginssuiazyuuesvednvosigiuiasngy a9

suduiiugruddglunisianudilernussansanzvengudinng

ﬁ'm%’uimqﬂizmﬁaﬁam NMTILATIERBIAUTENBULTIE1929 (Exploratory Factor Analysis;
EFA) Wloszylassaisvasdadeiidamadenisinduladondnsusiuesiissdn Tnedanguiauysgos
(Items) melaumagUadely 4P's laun Product (Wamnua), Price (57a1), Place (399119011590
MUY) waz Promotion (Nsdaasun1sean) iy Tudadeaundndag (Product) Usgneunie

Y ' = PN v 3 [ L4
F19NIAILUTE DY (Pro_l AN Pro_13) NALNDUINAUNTN AU ULDNANYA LAZNITODNLUUVDY

HARAY A1UTIAIUTZNRUA8AILUS (Pri 1 D3 Pri_6) MLABITIAUAIINLRUIZENTDITIAILAE

'
a

AnaanluNIITITERY @IUAUY0IMNNNITINTINUY (Place) ATUARUAILYS (Pla_1 §ia Pla_6) 7

NefuaNazanlunsdfedum wavaaniglununisdasunisnain (Promotion) ATBUARLE?
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v

wls (Pr_1 @a Pr_7) feadestunisdngs mslawan wazuinmsvesmiinaiu msiasesi EFA Tu
nseunsiduilfududuneuddnlunisssyesdusznoundndiasioufangAnssunisd oves
tviesflentarmlneuazsnsienildedetaunasfussuy
4.5 s2108uTsIY
4.5.1 UsensuasnqufIngns
Usgrnsildlunsidede dnviesiiealneuazinvieadiev e Afuszaunisal
lun1s? endnssivesii szdnlutsemalneg nqudegagndnideniaeldisnisqudesiuuy
LaW1%L91839 (Purposive Sampling) Wi olldngudieg el aenndasiuinguszasdvaanisdnm
YUIANG UHIDY1IATUINIININAIIVBINITILATIW 09AUTENOULT 1599 (Exploratory Factor
Analysis; EFA) Fauugailvidegnetion 5-10 fegusie 1 fuls wagaainazldngusessuszana
300 AU (Hair et al., 2010)
4.5.2 \n3eailefilin1side
13 oad e 19lun1siiusIusndeyafewuuaouaiy (Questionnaire) d2udl 1

¥ ¥

Usznoume Jayamiluresnauluuaauny Wy i 818 dyvid wassvaunisain1syendnsdue

RV

'
] 1

~ = ! I v v a Y ! PN 1 ada [y U A &
VBDINTLAN FIUN 2 L“l_J‘LJﬂ']i’J@Wﬁuﬂ@%@ﬂuﬂ'ﬂ@ﬂmﬁl’ﬂ‘wEJLLﬁ%“m’]@’]\TGUWGWIZJW'e]f]ﬁ]ﬂ]&lﬂ'ﬁﬁ]@ﬂﬂi’i]sﬁa

a v L3 4:1' =

HANAn9IvRINTEAN (4P's) TamsauUAaY Product, Price, Place, wag Promotion laglduinsinuuu
Likert Scale 5¥eu 5 (1 = laliuaioagned 04 5 = Wiumeag19da) wuvaauauldNIUNISASIEBU
ANALNEIRNTIVBALLBN (Content Validity) lagfi¥giv1yd1uiu 3 vitu uagasisgeuainudadu

(Reliability) feardulszd@nsuoanivoinseuuin (Cronbach’s Alpha) Tnamuuanasifisensuls

13987 0>0.70 %auaamﬁummmmﬂﬁfﬂviaﬂl,ﬁmﬁLﬁaﬂ%amﬁmﬁmsﬁmaaﬁizﬁﬂlmmmﬂmL‘ﬁm

o w

anm LSU‘H mamwumaa SUAIYDIN TLANTULRA IV DUNIAUTITAUSTIN LATUNAVIDUN BT

I va o

555U1A Manuteyaniulpefifiugide wandrewvvaevauligneunuudeununsandeyanie

AULDY Warltalneeds 10-15 Wiinslkuvdauay
4.5.3 MTIATIENTBYA

ﬂ']ﬁlmwﬁ%’auuat,l,ﬁqaaﬂlﬂu 2 daunan oA N1TIATIZATINTIUUN (Descriptive

Y aa

Analysis) T ALTINTIUUT LTU A1AE (Frequency), An3auag (Percentage), ALady (Mean)

uazdeauuinnsgIu (Standard Deviation) LileeBunedeyauszvnsuasvirunfiveanguinoeis

o

Lag N153LATIELT99UNU (Inferential Analysis) #1m5UTngUse asrdofl 1 19487 ttest i

=

WS uiieurimuafvesinieuiiedlneuazsisanandretedenisindulatonan s amivesdisan

62



C. Nilsonthi et al. Journal of Logistics and Digital Supply Chain 3(2)

(4P's) wazingUszasaten 2 lon1siasieniosdusenaultisd1sa (Exploratory Factor Analysis; EFA)
Al o v A o w1 o a & v ¢ .
Wesyylassasavestateninnudfysanisdndulate laaldinou Eigenvalues > 1 wazn1sviyu

WAULUY Varimax (Varimax Rotation)

5. WHAN153Y

APBULUUAUNY 311U 418 AU F9UTENBUAIY INAYIY 179 AU (42.8%) LasinAnd 239 AY

A v A

(57.2%) 219 NVDINGUAIE1INUIININAGR AB UniTeu/dndAny) 122 AU (29.2%) 5998311PD

q

WINIW/gna19UsedT 87 AU (20.8%) kaggsAadIuml 78 AU (18.7%) dundunil I1uiumigane

9

a1findue 18 Au (4.3%) lududnwd wuin Ynrendivdlnefisiuiu 256 au (61.2%) vaud
tinvieafienrmsuAidnuau 162 au (38.8%) fueng ngusegdnlvgidu Gen Z (20-27 1)
91U 182 AU (43.5%) Aus8 Gen Y (28-43 U) 41u7u 181 AU (43.3%) waz Gen X (44-60 )

F1UU 55 AU (13.2%) 518astdennansiana Ui

a v o v
A1919N 1 °UE]SqJJﬁVI'Jl‘lJ‘lJE]\WdG\E]ULL‘U'UﬁE]‘Uﬂ']SJ

Yoy algauszynIANEns AMUE (n=418) Soway
LN Y 179 42.8%
MY 239 57.2%

91N UI91VNI/NUINUTTIANAT 66 15.8
Wina/gndnausedn 87 20.8

A1 47 11.2
530U 78 18.7
wniseu/dnfnw 122 29.2

Juq 18 4.3

frd ey 256 61.2
AaUsEIne 162 38.8

8¢ Gen Z (20-27) 182 43.5
Gen Y (28-43) 181 43.3

Gen X (44-60) 55 13.2

a a o a Y a ' ada ) o a &
Nan1SiUS s UL s U AUAR YN 87313 e Lary1in e ndsetdadenisandulaie
HAnAn9IUBINEAN 4P's (Product, Price, Place, Promotion) Tagldn133iasiest t-test dmsungy

#198190Us2NaUMBUNYIaNNe g 256 AU WATUNYVIDWNLITIIAYIR 162 AU NANITILASIZY
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o

wu iruaivesinvieafisalngluyniladefieneds (M) ganintdnviesiissrdeniedadifodfay
n9adf (p<.01) luwdazdlade wu Tudu Product shvieadiedlveianads (M = 4.26, SD = .367)
ganinvioaiiedrnawnd (M = 3.91, SD = 542) Taeflen t = 7.397 uansfsmnuunnansegiad
tfyddny lutladedug 1 Price, Place, Wag Promotion nuiiALad svesinyisaiiealnegenia

TnNYIowNgIN19Y1R 08196 BLH 89 LaaA1 t-value @195V Price, Place, wae Promotion A® 6.794,

i [ ' '
o o Y A W a a1 v =

3.033, ey 5.583 auanu Mellnansimseivafidlsduduanufsiunindnneaiierlneuas

<9

=< ! N o

Hnvieufievnasatviauaanedadenisdndulatonanduivesssanuanansiusgniidudfy

aa a (% 1 dy
N9Edf s1eazidunninserelull

AN5199 2 Wlsuiisuniruaftnviaangalnetazairslsemalunisanduladionaniusivasisean

Factor Group N M SD t-value df p

Product Thai Tourist 256 4.26 367 7.397 254.218  .000
Foreign Tourist 162 3.91 .542

Price Thai Tourist 256 4.22 513 6.794 275737 .000
Foreign Tourist 162 3.80 678

Place Thai Tourist 256 4.18 .508 3.033 217.065  .003
Foreign Tourist 162 3.93 974

Promotion  Thai Tourist 256 4.20 479 5.583 260.507  .000
Foreign Tourist 162 3.86 .684

VUBWR: p < .01 indicates statistical significance

v
¥

NHANTIATIERTRgUsEasAten 1 wuln wan1s@nwdauasnndesivauuigiuniagl’

'
aaa

fruARvelnyiawnel nekazinvewileIr1IA19Anataden1ean1snann (4P’s) NianSnananns

o = | N o Y

dulaendninaivesnseandanuuwand1eegraitedfAyn1eada (p < .01) lunndade lawa Au

EG

NARAU (t = 7.397, p = .000) A1USIAT (t = 6.794, p = .000) HIULDINNITIAI WU (t = 3.033,
p = .003) LazA1uNITERETUNITAAA (t = 5.583, p = .000) I@aﬁﬂﬁaaLﬁaaimaiﬁﬂzLLuuﬁwLaﬁﬂqq

niinvesnevinandtuynlady aepedesivanuigiunasliin dnvisaieilnguasy1isinewi

Y

TAUARNLANANINUABTITINIINITHANA

LY |

NANITILATIZDIAUTZNBULTIE59 (Exploratory Factor Analysis) 9aslladeniinudfgsanis

o

Y

fnaulatandniuanveaisyanvestnveanetnelusundnsiug (Product) wuln Ja38@1u15090

na uldtdu desAUsenaundn Taada1 KMO = 0.741 uae Bartlett’s test of sphericity
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(X2=0406.639,df=78,0<0.001) FausieAumzanlunIsiasziesalsznou Jade? 1 Ao n1s
adanuutaulalyifunand aeii UL UTUALABUSIYA MYl (Branding and Packaging Appeal) @4

Usenausme Item 1 wag Item 3 lneilA1lvangeand 0.805 way 0.625 muawu Uaden 2 Ae A

Y a

AAINAUILLATANANNNTAVRINARS M9l tunsA a1 TR A lUS uSTan (Convenience and

Y

Communication) FsUsznausag Item 5 uay Item 7 Ineilrnlnangsgail 0.765 uay 0.651 Jaded
3 fip N135UTIAUNMUAYAINANGT19ETIA (Quality Assurance and Innovation) & aUsgnausg
item 8 WAz Item 11 fiAlvangagndl 0.750 waz 0.650 uavtadugavinede wandusififiondnual
;an1zfin (Local Uniqueness) dausznausng Item 6 Tnsdidnlnangsgail 0.728 n1siiaeiiiuany

Y B =2 1% A o v A 1 U a & a [ I3 Y 1 PN aa v
IﬂLﬂUQ\TIﬂiflﬂiNWﬂ’]ﬂQJ/GUEN‘lqj‘\]‘i]EJV]ENNﬁW@ﬂ’]iWWﬁUIT\]%@Nﬁ@ﬂZL!“Vl‘U'PN‘Lm'VlENL‘VIEJ']I‘VIEJIU@W]@’]U

a (% L3 a (% 1 dy
NARAUN S1uazdunRRI1eRelUil

A197199 3 99AUSLNBUVBIUIYNANNUINVBINTEANATUNANN U9 (Product) vaelnviaaedlng

Factor Item Loadings
Factors 1 n15a$19mnuuaulaliiu  Item 1 : B¥ondnsiast (Branding) .805
nAnd e uLUTUT LAy UTI S el tem 3 : Slussedeiiiiaulouay 625
(Branding and Packaging Appeal) ﬁa@m
Factor 2 Aa1ud@gAIN@UNBLAY  Item 5: dmuazainauislunisou 765
AuANNsoveINanSilunisdeans ndu
A lUgEfulan (Convenience and  Item 7 : Aoaumsneld 651
Communication)
Factor 3 N53UTOIAMANLALANNAR  Item 8 1n315U5091195 U 650
#519855A (Quality Assurance and ﬂmmwﬁuﬁw
Innovation) ltem 11 AN1500NUUUNERSTLY .50

wuuloaie

Factor 4 w8 nsiauai 7 L utendnwal Item 6 : Sondnualiomzusyddu 728

nzdu (Local Uniqueness)

RULne): n=256, KMO = 0.741, Bartlett’s test of sphericity X2 = 406.639 df = 78. (p<.001) Extraction

method: Principal Component Analysis; Rotation: Varimax. Loadings > 0.60

Y

NANITILATIZBIAUTENOULTIE1929 (Exploratory Factor Analysis: EFA) westadefiianudifgy

nen1sfindulatendndugivesiseanlunquiinrioaieny1isinand aunaasiue (Product) Wuin

Jadgarunsadnngule 3 asdusznaundn taadd1 KMO = 0.809 uaw Bartlett's test of sphericity

65



C. Nilsonthi et al. Journal of Logistics and Digital Supply Chain 3(2)

(X2=562.867,df=78,0<0.001) uansgsA1unuzanlunIsiasIzi Hase?l 1 Ao wusud sUdnwal
LaEUTIY 091 (Branding and Visual Appeal) FUseneusay Item 1, Item 2, way Item 3 lagd
Alyangaand 0.802, 0.721 waz 0.714 sudidu dadedl 2 Ae Aunm AwazaIn Anuddu uay
Msuan i s ndnualvosiui (Quality, Sustainability, and Cultural Identity) §3Usznausaeg Item

4, Item 5, Item 6, Item 7 wag Item 9 Inedianlnangegadl 0.733 @94518n75 (Item 4 UAY ltem 6)

|
o

waLAd@nN 0.621 Tu Item 9 Uduanynefs AIUARASIIETSA ANNEAIAN hazAIuRaInvianely

9 9

NAnA 0t (Innovation and Variety) §1Usznausae Item 10, Itern 11 wag ltem 13 lnadanlvan

Y Y
6

gaagalu Item 11 91 0.776 MsInszdidliiuinlassasisesduszneuvesinvouiie s Al
ARy iuANLAIalaveNdniuel AUdiEu wazauAnaI1ETIARE 19TARY SeazBeA

CRERNERINID!

A157199 4 99AUSLNBUVBIUIYHNANNUINVBINTZANATUNANN U (Product) Va9UNYiaaLen

HN9YR
Factor ltem Loadings
Factors 1 : Wusust SU&Nwal uay  Item 1 : Bferdnsias (Branding) 802
U53990u91 (Branding and Visual Item 2 : yUSnwalvamansinn 721
Appeal) ltem 3 : ﬁmif\;ﬁmsﬁﬁmaﬂwazﬁq@m 714
Factor 2 : AUATW AINUALAIN  Item 4 : AAINAUAN 733
AUEIE U LaznISwANIa ISR Item 5 : fimuazanlunisuundu 731
S nwalveai ud (Quality, Item 6 : flendnuwaliamzUsyswioshy 733
Sustainability, and  Cultural Item 7 : Fonnumangly 637
Identity) tem 9 : Jufnssedwindon 621
Factor 3 : AMUARES19ESIA AN Item 10 : 91gn1SAUSNY) 660
anluy wazarrunainuately item 11 : ANS9ONUUUKNAASUIILUY 776

a v 4 . ]
N nn 9l (Innovation and w9

Variety) ltem 13 : AUNAINIANBVDINERNS U 609

WUBUA: N=162, KMO = 0.809, Bartlett’s test of sphericity X2 = 562.867 df = 78 (p<.001)  Extraction

method: Principal Component Analysis; Rotation: Varimax. Loadings > 0.60

[

HANISILATIEBIAUTENBULTIE1929 (Exploratory Factor Analysis: EFA) westadafidainudfay

sonsnduladendndneivesnseanlunquinvieanedlneniusian (Price) wuin Jadenanun

anunsasiudunilsesruszneunanae Az auLazAuaInuaieluisn1stnseiu (Pricing
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Appropriateness and Flexibility) Taasl @1 KMO = 0.769 way Bartlett's test of sphericity

(X2=235.148,df=15,0<0.001) Fananaisanuuvanvestonalun1sinses Jadedasouna

Y 9

sala

9NSAUTERLTIVUA 6 S18A1T U Item 1 "S1ANARAuNNdANLvLzaEd" (Aluan = 0.627),

=

ltem 2 "s1AwAndudilndiagsiundndasiydaifeiny’ (Anlvan = 0.670), uay Item 3 "dn15li
Yoyasamandus’ (Arlvan = 0.718) Fudufuvsiialnangegn nsTieseid fifud
thwisadisalnelvianuddyiuanumnzauvessa mslideyasaiidaiau wagaumannnane
Tuisnsthaeidu Fedruduiadefidmaronisindulatondntaurivosiissdn suasBendmina

doluil

a ¢ v a o ¢ A = oy . o ]
A1919N 5 ENﬂﬂigﬂBU?JEN{]QQﬂNaﬂﬂﬂJ‘m‘UaﬁWﬁgaﬂﬂqui'\ﬂq (Price) ﬂla\‘iunwmmm‘lwﬂ

Factor ltem Loadings

Factors 1 : 1A% LULEANLATAIIY  Item 1 @ SIATHA A Y T A3 627
narnuaneluisnisdszilu (Pricing  waNza
Appropriateness and Flexibility) ltem 2 : A NARA U9 lnALABIAY 670

NANAUNIRALGLINUY

ltemn 3 : finsTvideyasianansioue 718
tem 5 : T56n 15915208 U 628
wanvane

ltem 6 : ﬁizé’fmﬂmﬁwmﬂwma 627

WUIBUA: N=256, KMO = 0.769, Bartlett’s test of sphericity X2 = 235.148 df = 15 (p<.001) Extraction
method: Principal Component Analysis; Rotation: Varimax. Loadings > 0.60

[y

NANNSILAT1ENBIAUTENBULTIE1927 (Exploratory Factor Analysis: EFA) wastladafiianudify

sonsnduladendndnvesn sednlunquiinviauiledyasaginiusial (Price) wuindade

a1unsadneglussnusznauifen fe 1AdndsekavienInaInaie (Pricing Accessibility
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WUIBUA: N=162, KMO = 0.795, Bartlett’s test of sphericity X2 = 185.559 df = 15 (p<.001) Extraction
method: Principal Component Analysis; Rotation: Varimax. Loadings > 0.60
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WUIUN: N=256, KMO = 0.746, Bartlett’s test of sphericity X2 = 268.792 df = 15 (p<.001) Extraction

method: Principal Component Analysis; Rotation: Varimax. Loadings > 0.60
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Ao tduneunINdunysivaldenu (R3A) SAnadeaisdimiingian 0.1970

AdAeY : AuuNIIaNIsladadind, 15aAnussy (§9), Aununisianisialdguniu
lasudle 24 wgunA 2568; wilulle 1 @A 2568; naUsUNIsATINMLD 11 @wwau 2568

Abstract

This Research aims to 1) study the current situation, challenges, and barriers in the
supply chain management of fresh durian exports from Thailand to the People's Republic of
China, 2) Study and compare the cost of logistics and supply chain management by inland
and sea routes of transportation. A qualitative approach was employed in this study, utilizing
phenomenological analysis. Data collections were made through semi-structured, in-depth
interviews and participatory observations from key informants (Kls) to examine the content
analysis. The weighted average method was used to analyze the findings and identify the most
efficient fresh durian transportation route, serving as a guideline for entrepreneurs. The cost

and transit time were considered, with a weighting ratio of 50:50 to evaluate.

According to studies, the research results found that Upstream stakeholders included
farmers. Midstream comprised packing houses (Long), logistics providers, plant inspection
offices, customs, and relevant ministries. Downstream involved distributors, consumers, and
Chinese customs. Inland transportation was priority, followed by Sea transportation.
Competitor nations were Vietnam, Malaysia, and the Philippines. The cost of logistics showed
that both Inland and Sea transportation from Chanthaburi were cheaper than from Chumphon.
The cost of the supply chain showed the shortest delivery was 3 days from the Inland route
Chanthaburi to Mohan border, and the longest was 9 days from the Sea route Chumphon to
Shekou and Nansha port. The most efficient transportation was from Chanthaburi to the

Mohan border (R3A) with the lowest weighted average of 0.1970.
Keywords: Logistics cost management, Packing house (Long), Supply chain cost management
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3.2.2 M3IANvelgaunIu (Supply Chain Management (SCM))
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Abstract

The study of optimizing solutions for the Traveling Salesman Problem (TSP) using the
Fruit Fly Optimization Algorithm (FOA) involves solving routing problems with a metaheuristic
approach. The research focuses on improving the original FOA solution by adjusting parameters
and increasing the dimensions to three-dimensional (3D) and higher-dimensional spaces (Hyper
Dimensional). Additionally, it includes modifications such as Swap, Swop, and Insertion
positions. Each modification considers 2-Opt (two-position), 3-Opt (three-position), and a
combination of 2-3 Opt (two and three-position). The initial configuration is set using the Saving
method. The analysis of the problem is divided into three parts. 1) Identifying the optimal
variables for parameter setting. 2) Self-learning optimization using a single-objective approach
for solving the TSP and 3) Analysis to 9 TSP datasets using a single-objective approach while

comparing results with 10 other algorithms.
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The research findings indicate that the three-dimensional incorporating a modified 2-3
opt switching scheme and utilizing the savings method for initial population configuration,
represents the optimal algorithm. This enhancement was achieved by extending the
parameter dimensions from the original two-dimensional (2D) space to a 3D space within the
(X, Y, Z2). The expansion into Hyper Dimensional improves the performance of the FOA by
providing greater parametric flexibility. Based on tests 9 standard TSP datasets, 2 algorithms
ranked first(1th). These are 1) FOA3twothree17S, which produced the best results in terms of
solutions closest to the optimal solution for 4 datasets, namely Dantzigd2, attd8, st70, and
Eil76, with deviation percentages of -2.780, 1.655, 3.659, and 4.617, respectively. and 2)
FOA2twothree14S, which achieved the best result for 1 dataset, berlin52, with a deviation
percentage of 3.437. in line with the research objectives. The increased number of parameters
allows the algorithm to adjust positions more effectively to approach optimal solutions
compared to the FOA original. Furthermore, the integration of 2-Opt, 3-Opt, and 2-3 Opt
exchanges, combined with the Savings method for initializing the population, helps suide the
search toward solutions near the optimal, while also reducing computational time required to

obtain high-quality solutions.

Keywords: Improve Performance, Metaheuristic, Fruit Fly Optimization Algorithm (FOA),
Travelling Salesman Problem (TSP)
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Visual 10u 2 Inua (Wiguwin 2D) 1DILIU) 131l local YSUFm1510L9103;
(30% fian + du) search M54 LUUDIVAHRA
WA
Huang & Su  FOA Usuamauinina  Discrete (lgusa TSP (unanus lAssasdutou  Wisuiu LKH 9819
(2017) (step) + lousn GA GA-FOA) 2D global/local; Fu; wisndwes  1ussuy; venedii;
(crossover/mutation) Josiu W, wengIu nalnAuANUSusa
+ Dynamic balance premature) vunsdlluguin - onlugla
99110
Crisan et al.  DFOA mglddeyaldl  Discrete 2D TSP fudeyaldl  v1an1sUsulss  n1simwn DFOA
(2020) wdwew; USumusedu  (Permutation)  auysal/lal Uszdvsamues  Liteliiu
uncertainty + N1FIANIT WULDU DFOA Usgandnm
ANy
Liu et al. Hybrid FOA + PSO Discrete 2D TSP Usgdvdamd  v1ensAnen FOA
(2023) Juuddesiad  TuliRfigedu (30+)
n15 hybrid uagdslinanuy

wintdu, Tadudy

local heuristics

search space  (1u 2-Opt, 3-Opt)

YA
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#1338 (U) B3 R Yeymdiud U919 Research Gap
Ranjan & Systematic Review  Discrete 2D Ygywmannuane  Tadlawaun PINNTUNAUDTD
Kumar (2023) 989 FOA uagn1s (optimization,  algorithm lusl,  Waiun FOA finanu

Uszgna scheduling, E‘hulmlujélﬁa&ﬁ heuristics ag
TSP) FOA WuUsaiY  5095U TSP 2u1n
gy
Zhang etal.  Adaptive FOA (U5u 2D Discrete TSP gednialu 2D,  91AN1SVNY FOA
(2023) wdmesiuuunain) laisesiunis \Ju 3D/Hyper
ve18giings, €1 Dimensional lay
laiysanis NYIUINT
heuristic heuristic d1%3U
local search
Almufti et al.  Comparative Discrete 2D TSP (W3euiflou  3A3eiiida ANsUTUUS
(2025) Analysis U89 vane algorithm)  LU3euLiiey FOA Tngnsaiite
metaheuristics (53 Talleimiun sty

FOA)

FOA, 993110
Fonaulu TSP 7

Futou

metaheuristics ’?J'Iu
Tutleynn TSP aum

Ingy

3.3.2 NMSANUIEANTAINANTAUIN

N3USUUTY FOA Tasuuanisuadiu (visual phase) soniduaesdiu dquwsnldidoya

saaa

NNNATNGNANER &

itaesaielvdainmsdu Weiiuanuvainaievesdmey wavdesiulally

FOA finfiusn local optimum (Huang et al., 2017) 93104 (Zheng et al,,2014) A15UL@UD Discrete

Fruit Fly Optimization Algorithm (DFOA) 1ageanluuf a1t un1s crossover LagnAIEuIUNT

elimination (EXE) tilotiiuuUsz@nSn1wn15d151ai unlun1suiaineu (solution space) laginatia

nslasuNalnn13AURT (search operators) 1l FOA @1119081529 solution space laanau Tusu

o ddn( 1 = U b4 U . ] ¥ ¥
VYaRUNMARBURATY widiradidymlunsusulvmunzdulynn discrete aunalvig) waghadldiam

TunisusSuAd@msunIsAuRIAIReU (Ranjan & Kumar, 2023) lun1snuniuldsssuuiieanu FOA

66 ¥ ¥ 1 = a o o d‘ 1 ¥ v 1
LLazmsUﬁzqﬂmisuawuiuwawamwu IG]EJW‘U'J']ll\‘i’]lnR]EJ’%’]U'JUJJ']FW]ELNLUU?]']?WWU’] FOA Tuwinis

1%

UFuusanalnnisAum (search operators) kaN13UEERUANITAUNT ATUARUNITLIZRINUN

WUALLUAIMDUNA FIFLNDUDILUILUNNTIVELND WAL UTEANTAINNNTAUIN
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3.3.3 Mawau FOA fumailady

n1sHa1Y FOA Audaaidunislugduuunisysudganssuiunislunismiainey
(Improved precedence operation crossover (IPOX)) kagn15UsuUsshuunatgan (Modified
multipoint preservative crossover (MPX)) Tun1suA a1 (Shan et al,, 2013) 1AgAITUTILEUD
é’aﬂa%ﬁﬂumiLLf’T‘fJzgmmi%’mmmmsmaauﬁu’uqmﬁ’]asuamﬁﬂauﬁmma% (The semiconductor
final testing scheduling problem (SFTSP)) v111l% FOA @u1saldAulang combinatorial TefTu
(Huang & Su, 2017) lun1suanu FOA fu GA Tnenfiunaln crossover wag mutation deraliinnaln
miﬂmqaLLU‘U‘Wﬁmamf (Dynamic balance mechanism) ¢34 global search tag local search
anlemansiianneidanesindaiannmsionsmanmngas vgaiam wasmameulnseg
farlaamidaiuiuly neddmevdusslildmaouiimunzauian uiludoshnouianizd
(premature convergence) LarifinAumaINMalevelsesns (Crisan et al, 2020) n13l4 DFOA
Audeyaiiliusiuou (uncertain data) Inewfunisususvesdanesialvaunsaud TSP luusuni
Yoyalslauysal msuau FOA fumafiadurilyl FOA flenuanansaseuduanniy ianisdisads
global uarn13UsuUTds local wildlelassairsdanesfududoutu warenaviligadenudely
mi’[,%’muﬁlf]uagml,tfﬁma FOA Way (Huang et al., 2017) Tunisvinisitasieidamin1siaunisves
wifnaune 1ngld FOA $auiu GA Tudruvesnisdiiiunis crossover wag mutation Jaufiuaan
wannnanelulszans wazdusanisiiaamn Generation of premature idusenai (Liu et al,
2023) m3Uszgndldsana3fingnuan (Hybrid Metaheuristic) Tnsnnsuanu FOA 1 PSO Lite
ey TSP nansvaaewanslifiuinnsnanusanadielildnadnsfinnindanesfiuien
Tnglanzlunivosmnuidilumsmdneunazaunmyesdumedils wag (Almufti & Shaban, 2025)

Tun1sAnwndauTeuLiisudanosyin Metaheuristic 6114 9 2089 FOA dwsutayunn TSP Tagnuin

'
aad

NMSNEIU FOA AUAB8uU 9 tratudneninlunisuidami Tnsanizegedadisiussuifivuiu FOA

Y o o ¥ <

LUUNLANNTVDINAANIUAIULS AT AU LU

3.3.4 YoiensIve wavmsiduinvesnise
INNTNUMIUNUI wualfun1susudse FOA 8 3 Aiamevan taud n1susumsfiwes
Weiumnuades, nsesnuuunalnnsdunindiiefinyseansnmnisdisia wagnisnauiu
wpdlad i ol uANE S0 global uag local search (hybridization) Tnea3deiniuundad
Fosriiafie Swnnsvensdfvesitufifum (dimension expansion) dve19taeifiuanumnainmans
warAuasaluniswinides local optimum wagdalifinisld Multi-Dimensional FOA (3D %3e
Hyper-dimensional FOA) Tunisundaym TSP laensa LLamwsmaa%wﬂ'izmmL%'uéfué’ﬂajgﬂﬁwm

aghausyuu vhlvigun nues naRaslsuAus wazdinananunwgnving
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[
[y

FatLLA T8I WINNISAIL LN ALALYDII19RNa7 Tae

1. dindfives FOA a0 2ndsdu 2 1R idu 3 07 wazlAfigeiu ieliuauauise
Tun15d1579 solution space

2. MIYTNINIAUTEN58I3a@n (2-Opt, 3-Opt, 2-30pt Uag Savings Algorithm) iy

FOA Winasn1aUsensSuAuNlan I waziiuuseansninuse local search

9

o

3. Ussilluuszdnsnmues FOA l@sunisusuuse du TSP aualuguasdudou e

Y & P oA A ) S a .. 44'
LLa@ﬂIMLVUﬂQﬂQWNLWNBﬂQWLlIE)L‘V]EJ‘Uﬂ‘U FOA LLUUMNLANLAY metaheuristics aud i

3.4 N5UTUUTITUNIUVDIDANDINN FOA

maffiteldvhmsuiulseiunouvesdanesfiu FOA Tnenaiiufiflunssuaunisane dedl

fumeud 1 msfmuaUsznsBudulsrnaiuiy fvuasumomdnuesnguuuasiunald
gnaatulpeduuiniluiidn X Y way Z GuiiFud Teeddnuusnduiinssuiu (plan surface) vido
(X_iaxis , 1€ D")

Xinitial=IniX,; (1)
Yinitial=IniY (2)
Zinitial=IniZ,; (3)

TURBUN 2 NMIUFUINTANDT MNFULULTINSIMUAANSIALLLAN SO SaNUT YN

AULANA LA LA YA IUE LYY U3gdusunns dnwuztduusuins (volume surfaces), x

(D*:X Y z), USii#igeninaesdii (hyper volumes), xe (DV:X; X, ...... Xx ),
Xi=X,.stRandom value “4)
Yi=Y, + Random value &)
Zi=Z,;s + Random value (6)

[ '
v =

JunauN 3 Useulluafloud (fitness) Uszilualsiuavawmazibnululszsins lag

HeAduilvsuonfennuminzauvatlegdu viedineensivdaiasnga weldlunsasiesusiely

WaUse i uUSEANS A NY99aND3NU KAINTNSUSULAINISITLAD5Y099aN a3 NY

7

Dist,= fX?+Yi2+zi2 )

8

%30 Dist,= /x%+x§+...+x% i=1,2,...,n ®)

LAZTUNDUN 6 NITONLARFILLAUS FINTUNITONARFILNUIILANUIUA AU IVLVDIUATY

waldlagldiumian muniavesuasiunaldndaflnuagan uazAdy wuasiunaliasduluds

! Aaa
WIARIDIINANER (Xpest)
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Smellbest=bestSmell 9)
Xaxis=X( BestIndex ) (10)
Yaxis=Y( BestIndex ) (11)
Zaxis=Z( BestIndex ) (12)

3.5 msﬂ%’uﬂiamsmiﬂ%’umwwmﬁma% (Parameter) lagn1siinlatuugu (Dimension)

nsusummdwesiu FOA LLawimmu%u L‘UUﬂWiL‘WlI"G']U’JUWJLLU?V?@@JWIHﬂWﬁLLWUﬂW}E}U

'
a aa

yoslgnn 10uIETTelilumaaunsadwunanersednyazvestoyalaldusg 19 NSl

wgteliluaaunsadamnavyvieduundeyaiidutouldddu Tnslawmziflodnafindalviy

dane3fiy FOA Wu 3 fl wIaliffiaadu zdrelilunaaunsodnnisiudymidudounazivuin

1%
12 ¥

Tug@ulaundu Inedaneiyin FOA azdasusunisviaululiimuinliwunzauiunisuidgmnilu

Lo
aad a v

NN m%umamsﬂwmwwmLmaiLLaqf[maamwaaaaﬂaimﬂwmmwauﬂuﬂmm‘mLﬂﬂsuu dledinng
dislandy Srunududsviefiflunisunudnevvesdgmandniy %ﬁwmuﬁ%gﬂﬁmﬂ%‘iu
NSTUIUNITANIUNSDNTAS 1A maUlnd Heiuanurainvateludmeumdululs s dudsslsu

ANNNS1TM SN B IATIES199danas iUl zauf U u Ll AUt UL LT W

£

NMSAUTANFITUA

=

fomsthiirdeyaniensinnuluiffdaududeusnniunidifauis
Aune NsliTANgaduaansatelilumavdesaneifivannsadansiudeyaiifirnududou wagd
valngtuld lnemsufusmsiines warlassaivesdanosilimnzautunisinuluiad
a9u snfegaty mafinddly FOA aunsavililinaausadamnenydeyaluiiuinaneias

WnTule w‘%aﬁzhaiﬁﬁaﬂa‘%ﬁmmmmﬁmmiﬁ’m'fa%aﬁﬁ Ynuniedudeu uariianududeunntula

AISYINNITAAU Swap kag Swop WUU 2-opt Lag 3-opt L‘TJuLmﬁﬂﬁiﬁiﬂumiﬂ%’UﬂqaLﬁuma
Tudeym TSP ileanszesmaiamunvosduma Tnsmsadurioiasusumisveailosfignidsmily
e wWUU 2-opt Fhnsaduidumassrinsaesuniifai welrladumdmififiszosmeduas uay
T 3-opt avyhnsaduduMsTEnIeauisafuieliladunedidsresmeduasdn wasns

Insertion position LUU 2-opt Waz 3-opt luunuImaasn1sAleynn TSP ABAILNUNTILULNEaNNEn

q

TuEun1eanngenasaivewnsniladluut lUTudun 9ty N15Ee N WAL aNE1U150YN LA

Ao o

TAYNAITUITLEENIITEN I DILALLI DN NAINAITUN LaLLADNAIWAUINYINIATLEEN1957UV DY

dunsanasisewiniulula amiﬁaﬂﬁﬂLmﬂﬂﬁmmwamﬁlﬂud'guﬁwﬁmiuﬂﬂiﬂ§uﬂ§aLé’umﬂu

& d'

TSP ilelilsidumsiifauduiigavserdumaiisiussansamsniigai dululd nsld insertion

a a

position 1uias eellefdrAnlunsimuriSnisuddeymn TSP AdUsEanSam wagn1sld Savings
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Algorithm L9139 1ea319Us8¥1nst3 AU (initial population) Y89 FOA LV aLLAMAINYBINITH
ANMBUSNAY NOUTIENITUIUNITAUNILTY metaheuristic V89 FOA Fuluuuimnafinaunauniny

TeSeures heuristic (ANULE7 LAENISIINMIAIRBUYBY Savings Algorithm) WU metaheuristic

'
o

(ANEL30TUAITANTIANUNAINBUTLIN LAY UDY FOA) T9dINalnnsinaUssansnInuen1saum

Aneuvsvaufantutym TSP

ad o

4. AT
Bnsindunsifonsuiuusssansamnammpeuiimngalaginsdaneiuuuasiu

wals! (FOA) dmfunmsifiumsvesniinaue (TsP) Inedlinguszasdiilevinisuiulgaszanaam

FBnsunasiunald mdweuiivngandmsudymnisiunimesiney anunsadnadnsald

Uszgnaldlunislunuddenieitesiudymnismaineunianisinassineinsaneuiimvunzay

(%
a

Tnedisn1sadunisidenssaluil

4.1 w3ssileldlunsifiusiusudoya
1) indosileldlunsifiuteya
suuulymain muvuiasgu Tnedidayyuuu TSP 9w 9 Muvudym waedl
Seey mwﬁguviamaumaumm Fauandlumsteil 2

M3e 2 seervnsiiduiignvesusazdiesihinunldlunismemey

No. Instance Optimal solution

1 Ulysses16 73.98

2 Ulysses22 75.30

3 Dantzigd2 699

a4 attds 33,522

5 Eil51 426

6 Berlin52 7,542

7 st70 675

8 Eil76 538

9 rat99 1,211

Insunastoyadwuutym TSP Funeuwnsineuninedy Heidelberg 1y fo3nduunas
919890 MIFIUd T UAIN AN @A 33N (best-known) Yaed 19819011 TSP (Reinelt, 1991;

University of Heidelberg, n.d.) Ingszeznissauiilaiduadnauiimunzaudian (optimal solution)
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2) dwFumsuitiymlnglinmsuiuussUssavBammanmneuivangalagiSnsunastu
Halyd (FOA) d1msunisiAunisveandnaiuyisuuuinguseasdifen (Single Objective) Loy
finsansyezmslunisifiunsiosiian

3) invesiloflilumsiinseideya

TUsunsy MATLAB Wulusunsudmsutisaumuiuneadineans

4.2 Bmahusrusiudeys
1) ins@nwiAuadeyalaeiiiitadll
- TymnmsanfiunisTunisdadunie uagnsuuusaussavsninnismaneuiivangay

TneAsnsuuasiunalsl

- msUsuAmnsdimesiasnsiiilanudy uasliAfiaedy
- MINENETITe AT
2) swimsﬁa;ﬂaﬁ'Lﬁ'm%’mﬁmm’?ﬁ’a Taun Jaymmsaiiunslunsdadunie nsuAdgnn
Tngl¥n15UsudseUseanainnismidmeuiimunzaulagidnisunasiunalsl d&miuns
LAUNIIVDINTNITUUTEY
3) nquiiAeadesiuaAdeiienistsuidamiliieades
a) wifado UnA WY warnTaRdivimsiAgatesfumsUiudmiweslaenis
oty uasdifigedu

¢ v

4.3 Msdnvirdeyauaziinssideya

Y

1) innsAnwkarsiusindeyauditideyanlaundinsgrdymudiudsidutuneulunis
Ay
2) AnwTunawIsn1sN1sUTulTUsEAnSanmsmAneunmsganlaeIsnskuasTuna Y
Taun Jgminisdndulalagldisnisimvunzan nmsnudunsiinansaudmsunisidusaiielile
do o
JENNFUER
3) MmsAnuilnduinguszasd waznisuSuamsdnesiagldlusunsy MATLAB
4) ynmsieszviNamasivinganlunsaiaie laun
- nstluszgnalddmsunismanmngadlunisaitiunismsadafind nuidedyatunis
YFuusalsedniamvesdanainu FOA Tun1sundeymn TSP vialuid ANUQNADI0IAINeY kay
AMNansalunsususiretymndudou
S L 4:1‘ ! A Yo v adq « a o s A 1A
- psaimsUTuUTIMsAguAramasile SuiuIsn1sdusluiinnanmesiionAng

winzanamsulammaiangsy laun
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1. Differential Evolution Optimization (DEO)
. Grey Wolf Optimization (GWO)
. Simulated Annealing (SA)
. Genetic Algorithm (GA)

2
3
i
5. Particle Swarm Optimization (PSO)
6. Ant Colony Optimization (ACO)
7. Teaching-Learning-Based Optimization (TLBO)
8. Fruit Fly Optimization Algorithm (FOA)
9. Firefly Algorithm (FA)
10. Whale Optimization Algorithm (WOA)

nsaifamnsinaulalagldisnisfivangay msvidunefivangaudviunisfuse

dielldsvzmerniiduiian

5) djuna uaglausluy

4.4 N1999NLUUNITNASABY (Experimental Design)

meTzimaleasgnauuiulslregluteuleiidusssu Taeldnisussidiuneil 20,000
evaluations s#emslildnaiaas (run) sevilssaneiiiu sonilsyadeyainuuanigiu) deduia
970 U TEYINI(Population Size) x IUIUTOU (Iterations) dmFudananutalszyINTIzUTU
lterations T@anAa iU Population Size el evaluations 52311 U 20,000 Tnen1sAnen
fisiAnazdsiamares Population Size e {40, 100, 200} IneU3u Iterations Wiu {500, 200, 100}
muddu aeldnnsussidiudingit 20,000 evaluations Tuusazsane3iiu uazyndoyaiiioulunyai
20,000 evaluations M3ianaUsznauie AunmvesAneuldun AiiAfian alade Aunngn
tougn ANDsULINATIIL warsreznatlun1sviiauResou (Best, Mean, Fmin,Fmax, Std wag
Time (s/round)) Tun153984 FOA T@uunnisld3snsadusiumis (2-Opt, 3-Opt uaz 2-3 Opt)
Iﬂaﬁm'imwmﬂé’@daul,ﬂai‘l,%uﬁsuaaLﬁaaml,ﬁaﬁmﬁﬂé'w'gﬂ 1own 10%-1%, 20%-2%, 30%—3%,
40%-4% way 50%-5% laswuindudenvofiduiigauarldnalunisduaiud uogiann
wiinaeilonalddnouiilndifesdfnsaufiaauindufinig oadaunaseninsnmninges
AmauiunallunsUszaana @enldan 20% dusun1sadu 2-Opt waz 2% dmsunisadu 3-Opt
FaduseauilmunzanlunisansrezainsmuinusdinsnwuseansameesnismAneulda
Imag]mﬂmaﬁla’fammﬁmmsﬁ%IﬁLﬁudﬂmﬂﬁi'fﬁma'aumiaé’uiuizﬁumuﬂawmm3mhmﬁmmm
vanmanerendun wagnanidssnsaneglusiilianzauangild Inglivinlinailunisien

gafumundu 3udansld Savings Algorithm wieas1auszynsisusiu
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5. NAN15998

Tunsfinwinsifiuyszansamlunsmmneudmsunsindumadagmnsiunaemiingu
elpgdsnsoanesiiuuuasiunaldl lauwlsmansinsevidgymeonidu

1) nsiesamiuUsivangadlunissedmsniines

2) msfsaniiAnanmsieusiedaies

3) wan1siiansandeyadiuiu 9 gadeyawuuinguszasifealaeddgynndusuy TSP laun
Ulysses16, Ulysses22, Dantzigd2, Attd8, Eil51, Berlin52, ST70, Eil76 wae Rat99 NSouUU
mMaUSsuiisuseiinsdugdn 10 Sane3iiuusenausag DEO , GWO, SA, GA, PSO, ACO,
TLBO, FOAFA wag WOA

5.1 msfensaniawdsimanzaalunsasmmisifimes
Tun1sfiansaniBnig FOA duiilefimsdsunasguuuuaansafinnsanis msufuusluds
dane3fiuunasiu lneausawdsinnsanguwuuvesauniseentiiu 4 suuuuldun

1) 35119 FOA LuuLAy

2) 75113 FOA2TSP wuu 2 &R Tufida X waz Y (The Fruit Fly Optimization Algorithm with
two-dimensional coordinates (2D) operates in a space defined by X and Y coordinates)
3) 7815 FOA3TSP wuu 3 3@ Tuiiia X, Y wag Z (The Fruit Fly Optimization Algorithm
with three-dimensional coordinates (3D) operates in a space defined by X, Y and Z
coordinates)

4) 33015 FOAGTSP wuuillaumdiudunuy Hyper Dimensional (The Fruit Fly Optimization
Algorithm with Hyper Dimensional)

aumsildlunsusadiuaiiowa (fitness) ivnannnsiasigsifiansan Tnesmusiiaunis

fvaneguuuy lawn 2 3@, 3 1F wag Hyper Dimensional fawandluaunisn 13-24

aunisansulamudundu 2 35 (2D)

DG,)= (XG,0)24+Y ()% (13)
D(1,)= X(,)xY(,:)?2 (14)
D(1,)=(X(1,)"*)x(Y(i,))?) (15)
D(,:)=(X(1,)" )y +(Y (1,)™) (16)

aunisdnsulawudundy 3 95 (3D)

D(,)=(X(1,) +Y (1) +Y ()2 (17)
D(,:)=(X(1,)xY(i,:)*Z(i,:)) (18)
D3, =(X(1,) " +Y (1, +Z(1,)") (19)
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D(,:)= (X(i,)* (Y[, (Z(,)") (20)
D3,)=(X(1,)*Y(i,:)<(Z(i,:)°) (21)

aun1sd@nsulawuduiidy Hyper Dimensional

D(,)= (X1(1,:)>+X2(1,:)>+X3(1,:)>+X4(i,:)?) " (22)

D(,:)= (X1(,)" xX2(1,) " % X3(1,:) " x X4(,:) ") (23)

D(1,:)= (X1(1,))xX2(1,) ™ xX3(i,:)* x X4(i,:)*) (24)
FOATSP S

FOA2three S (13-16)

FOA2TSP

FOAZ2twothree S (13-16)

FOA3TSP

< FOA3three S (17-21)

FOA3twothree S (17-21)

FOAATSP S (22-24)

ANA 1 MIMTuATevesanesyiy warsukuunsiienidaunis

[

mM3fmusTevesdanesiiy LL@%E‘ULLUUﬂ’]iLﬁ@ﬂI%ﬁNﬂﬁﬁ’]ﬂﬂiﬂLLﬁWlﬁﬁxﬁEUﬁ 1 ansaosuneldaed
FOATSP Aadanaiiu Fruit Fly Optimization Algorithm dwsuunieymn TSP
FOA2TS, FOA3TSP uaz FOAGTSP fadane3fiu FOA wuuillawudy 2 iR, 335 way
ﬁaﬁqaﬁ‘ﬁu anudsu tnefinsusulUasu Swop, Swap waginsertion position WUUNTAU 2-opt
FOA2three way FOA3three fiadane3viu FOA wuuilawudy 2 iR uaz3iin laed
MsUSULUAEY Swop, Swap Wa Insertion position WUUNISA&U 3-opt
FOA2twothree way FOA3twothree Ao fadanea3fiu FOA wuuiilawudu 2 if way
3 §if Inefin1suSulUAasu Swop, Swap ua Insertion position WUUNISASU 2-30pt
S fi N5l saving TunsivuneUszIns Sy
flaw 13-24 Ao faavvesaunisitglunisussifiuaflaiug (fitness) laoil
nszUIUnstuMIIaTuIzaure FOA Tunswnamasvessuuulamsaandy guﬁ 2

A1SANUAAIAIUSISUAULALLA
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n=nsol Ao Population size (number of fruit fly) F1urnUszrINsULasiuNalsl laua S1uau
40 ¢, 100 f way 200 1 Tun1smaassmatsa1UsewIns (40, 100, 200) Hrelranunsaiiasizilaan
sumﬂﬂssmﬂiwiﬂmmmsauﬁqm Auanuuzulym TSP fit&sdne TneeuiTedild FOA (Pan,
W. T, 2012; Wang, L., et al., 2019) LardanesudeiTaunisou 9 (LU PSO, GA) Hleunnaau
MaNuAwBIUTEYING LU 20, 50, 100, 200 tilMIA1 trade-off MvszauTEINIAAANAIRBURY

natlunsuszanana

nloop A® Maximum number of iterations §1u3usaUlUNTINGIEEA LakA FIUU 500

39Y, 200 38U ey 100 59U

Begin by defining the initial design variables Then,
Discretize the city sequence numbers for the design
And Generate solutions randomly
Next Log the position data (x and y coordinates of
nodes) into a file from MATLAB

|
v

Program with MATLAB
Select to number of variables mvar),
populations nsol) and iteration nloop) <
And input to functions of city

¥

Program with MATLAB
-Creating the value of distance matrix
-Sequence of city’s Analysis for Distance

# 2. Functions of city as to

Ulyle Uly22  Dantzigd2
Attd8  Eil51 Berlin52

ST70 Fil76 Rat99

3. Function algorithm optimization

MATLAB
Main program
1. Function main run

Clustering Result of
fininMinimum of total Distance )

Computational the Objective 4. Function Create Action
functions f (Total Distance) List 2, 3 and concurrent to 2-3 Opt)
# 3. Function of saving

FOA improvementsjoperation to
generates a new solutions’s

=___Maximum number of iterations =

Yes l
END

A9 2 AszUAUNTTuNTMATImLNzaLUes FOA Tunsnnamavasfanuutlyn

'
= [ a

N15.US 8 UL UNALRAYT bW A UMAINYININITILATIZY T998AEUNITINAISILATIZVUIR
U5¥971n3 (Population Size) kazd1uIUATIVEINITYINGT (Iterations) NT1UIUHATUATUSELI DY T

20,000 A53 Inewuadu lnanaiildainnisnaaeuiu Ulyssel6 211591191 25 58U f9uaunisdu
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lunrsmameulunisiiansananlesidudvesnisaduiwnis Tuguuuureanisusudeuwuy
Swap ,Swop Way Insertion position wiazn15USULUABUIZNA15 2-Opt, 3-Opt way 2-3 Opt
WUBdu 10% -1%, 20%- 2% Fauananan1saaauluns1ai 3, 30%- 3%, 40%- 4% wag 50%- 5%

¥

H9YIN15NAAULAITIRNIUIAUTLIINT BALIIUIUASIVDINITYING WiauduidanAUasidudivas

mﬁaé’w‘hmeﬁﬁﬁﬁmauﬁaﬁqmLLaﬂGﬁ’?nmﬂaaﬁqm

NANINAABUVLIAUTEYINT WAZTILIUASWBINTSYET Tarimun Population Size ua
lterations T,mEJ"ELmﬂsﬁﬁi’wmuwﬂumiﬂszLﬁuagjﬁ 20,000 A% Fauandluassit 4 Tnewailaainnis
nagouiudlas Ulysses16 a1nn1sien 25 seu danaiildae s1uau Population Size uag Iterations
WUTIUIAYSEIINT WAERIWILASweIN15YENT 50, 400 Tusanesiiu FOA2TSP fnanlunism
Ameutiosiigai 62.852 Tdwunsdulunismeinoudl 20% FufusudenvuinUszensuas
Fruruatavesnsvgndl 50, 400 warsiuauntsdulunismsmeud 20% fu 2% Tumsmdiney
maly
A58 3 NINAEEUILINUSEYINS (Population Size) wazdauaSwasven (Iterations)

Wiaa Ulyssel6 fpgenfidnuiunsdulunismeney 20% fu 2%

Nloop Nrep Time
Algorithm Nsol P Frnin Fnax Average FSTD

(58V) (P39 (s/round)
FOA2TSP 100 200 25 73.987* 87.106 78.211 4.575 74.726
FOA2three 100 200 25 75.023 109.800 86.758 10.854 56.750
FOA2twothree 100 200 25 73.987* 88.405 77.584 4.339 157.60
FOA3TSP 100 200 25 74.184 91.375 81.345 5.547 65.369
FOA3three 100 200 25 75.912 109.480 89.381 9.725 56.318
FOA3twothree 100 200 25 73.987* 90.531 79.906 5.187 159.527
FOAATSP 100 200 25 73.999 92.815 80.639 5.493 161.104
FOA2TSP 200 100 25 73.987* 94.475 81.249 6.358 104.135
FOA2three 200 100 25 74.732 109.154 91.569 11.667 81.982
FOA2twothree 200 100 25 73.987* 90.096 78.762 5.060 155.531
FOA3TSP 200 100 25 74.614 91.611 79.859 5.874 63.161
FOA3three 200 100 25 77.702 108.550 89.515 8.931 52.402
FOA3twothree 200 100 25 74.153 89.047 78.334 3.558 155.483
FOA4TSP 200 100 25 73.987* 89.602 78.061 5.079 155.541
FOA2TSP 50 400 25 73.987* 93.084 79.734 5.387 62.852
FOA2three 50 400 25 75.089 103.890 86.460 10.821 56.111
FOA2twothree 50 400 25 74.001 89.635 78.651 4.711 156.927
FOA3TSP 50 400 25 74.184 95.147 81.822 5.647 62.218
FOA3three 50 400 25 75.038 105.671 88.836 9.828 52.548
FOA3twothree 50 400 25 74.739 94.342 80.573 5.618 158.104
FOA4TSP 50 400 25 73.987* 90.903 77.079 4.372 156.063

*Optimal solution ¥8¢ Ulysses16
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A19199 4 N1sTeuiBuA Fitness TasnsiSeuliisusunnuszasnng (Population Size) wag 411U

A5B9SV (Iterations)

Population Size [terations number of evaluations Time(s) Fmin
100 200 20,000 114.681 73.987*
200 100 20,000 113.983 73.987*

50 400 20,000 117.769 73.987*
50 400 20,000 114.349 73.987%
100 200 20,000 74.726 73.987*
200 100 20,000 104.135 73.987%
50 400 20,000 62.852 73.987*
100 200 20,000 87.165 73.987*
50 400 20,000 87.838 73.987*
100 200 20,000 110.117 73.987%

*Optimal solution 8¢ Ulysses16

5.2 MWRATUNAAIINNTTEUTAADS

NsiasniAnaInnsSeuimeiites toud n1susuasy (Swap) lauA n1sadu 2-Opt
WagA1TaaU 3-Opt NSEUAILRUS (Swop) LA N1SEEU 2-Opt Lazn15aau 3-Opt LarnISINsn
nnwasludayalval lawn NMsadu 2-Opt wagn1sadu 3-Opt mewmallavasdanaifiuwuasiuluns
a 1 6 @ [} ) 1 v} d' .
f1sanAnUesiduvesnsaduiumrus Tuguuuuveansusudguiuy Swap, Swop wag Insertion
position WAazN1TUSULUABUATNAITUN N15EAU 2-Opt N15adU 3-Opt wazn1saau 2-3 Opt lagly
dlo9 Ulysses16, Ulysses22, Dantzigd2 waz Attd8 auidentdilesidudlunisadu 2-Opt o8l 20%
N3adU 3-Opt g7l 2% wazluiiles Eil51 uazBerlin52 azidonldiosidudlunisadu 2-Opt ag#
10% n15aau 3-Opt agfl 1% wazludlos ST70, Eil76 uaz Rat99 azdenldilesiduslunisadu 2-
Opt 8¢/71 10% wagn13adu 3-Opt 887 0.4% lagldonaAdilaanNAIsguaNNaveInNITad Uit ld
A ' P v ~ | ) = a < v &
Wasanntuwsaziiadldanlunisuseananauananeaiusanty Tudlasiunduagldianuinduaiy
Jnfuiezdosanosidudlivunzan wasvisllwuediuniienisuszuiananana (CPU) uaz
YUIAVBINUILANUIN (RAM) VBIABNNILABSNITUTEUIaNAN Y

Pl = ~ ) A A o ) Y o W A Ao ) P a
FdansSeuiisudaneiiuviinsUTuUTua Audanesiuniinisusuusuas uasiiy
o an . P | ° | a v ~ ~ ~ Y ¢ o & ) A aa

N151139M19 Saving WunAglaen sATUAA1SNAY WalUSsulfisulaiduinnisidendanesiund
AFInaULinlng Optimal solution unfiganazldiiaitss LeIndanasiunviin1susuled

2

RN nnsUSUlamudulidu 3 85 wazdifvaWu n1sUsulUdsunuy Swop ,Swap uas
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Insertion position A5EAU 2-Opt N1FddU 3-Opt Lagn15eau 2-3 Opt Nstaenldaunislun1suial
Wntug wazn15in Saving WN181ABAITAUUAAISNAY

nmsvageuluiilos Ulysses16, Ulysses22, DANTZIGAZ, uay Attd8 Visnuufifimsuiulge

'
=

WA IUaZUUUNITUY Saving ugigwIAIneU WeldiuTeuiisunuiinisun Saving WWntevinlile
ANBUNANTIMULUTUUTIMAD FudenitloslAtgyaanauuuiinisuiuljauaidnuiu 2 danesiy

Ae FOA3twothree19 way FOAITSP23 Laghuufifinisuiudssudauazii Saving 1vaemiAiney

a = Aa 4 QA' A

913U 2 Sanesiufe FOA2twothreeldS uaz FOA3twothreel7S \Uudana3iiuiifiAosiiani

34,076.871 wagldiiardsy weldlunismamevluilesdugsall wieudulusvuliisunae

FOATSPS 78aliifin1susuugenismeanau uiin13u Saving wW1anvae

5.3 wan1snansandakuudenn
a a a = vy Y Y o = Y] a= o Y] ac A
1NNTRNTANTIARIINNISISBuMedadlainisidendanesiudiuiu 5 danesfiude
FOATSPS, FOA2twothree14S [FOA3twothreel7S, FOA3twothreel9 ay FOA4TSP23 Aazldidu
Tun1swSeuiisudumwuuaInsguduau 10 dawuuldnn FOA, DEO, GA, TLBO, GWO ,PSO, FOA,
SA, FA uay WOA tiieuseifiuuszdnsnn malSeudfisuiusanesfiuduguielmdiuindana3fiuivia
nmsusuletiudivssansamatunieliwaznsiuiouiisuiudanesiindug Mdunveusuiduns

IS LY ! v a = a o [ ] v = i 4 4 1 N
gUYUINDANBINUN Vl’m’]iljiU‘Uiq\‘ill Anulaussunenuladng anean1snaassnulInluliie

'
a 1 =

Ulysses16 A3ATinsUsuUsanagld Saving linadwdlndiAeetuaiiafian wazdsausuugoudlaly
Saving AdsldFmauiilndifeatuiy fuwandunisnedis uazaunsouans Box plots vesdanesii
FOA ivinsu3uusaiudsnisdu 10 38n1s veailes Ulysses16 lensguil 3 dm3u Ulysses22 359
4 Saving Sansliinadndlndifes Tuaaeisldld Saving Méanmnnnind dantzigd2 wuuiild Saving
Tasndn vaedwuuldld Saving Tiaunnndn wazlwdle attas, Eil51, Berlins2, ST70, Eil76 way

Rat99 357insld Saving TAmeuiilnalAssunnninegeneliosluvmeiisluld Saving dnlaan

av v I

' @ V1 1 £ . A o = A X o [y [
mﬂmwzmuimmmhmmﬂﬂj Saving LUBINUIULUDUNUYUAINDUN @Q%LU‘EJ\‘]LUUIU&J"WEJULUMN@

1%
[y Y

MnANNdueuniaunazdedninvesdanasiiu ulvslinsusulsadshnudaiunisly Saving 343

unumddglunsiigliganesidlinadnsniinunnuarindifigadignaewngadu
HAEIUIINNTTRTUAUNLAAINNTNAARUIAERINTUIAINAIRINDUT AL B U AARaUT

Wnzaungn waghatlunsussananaiieviinisIsuiisuiunuinganaiiiu FOA2twothreel14s

WAy FOA3twothreel7S lasududl 1 Auandlunisnedl 6 lnudane3fiu FOA2twothree14S dla

ity Wuaesdia Tuiide X uay Y Aviinisadu 2-3 Opt fmeaunis DG,)= X(3,0)xY ()2 Wuaunsi
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Ann X Asuiu Y2 waglin1sudn Saving LNanwe uardane3fiu FOA3twothreel7S Misllawuutu 3D

Tuina

M19190 5 MInaaeun1susulTdanesiu FOA vauilad Ulysses16 Hduiunisgulunismeainey

20% AU 2% WipuAUMSHUSEUgUAUITNSaY 10 35015

Nloop Nrep
Algorithm Nsol P Frin Frnax Average FSTD
(s8v) (GH)

FOATSPS 50 400 25 74.108 74.307 74.291 0.055
FOA2twothree14S 50 400 25 73.999 74.307 74.147 0.096
FOA3twothreel7S 50 400 25 74.307 74.307 74.307 0
FOA3twothreel9 50 400 25 73.987% 74.307 74.210 2.900
FOA4TSP23 50 400 25 74.198 88.149 78.462 4.073
FOATSP 50 400 25 74.702 110.434 88.065 10.924
DEOTSP 50 400 25 77.643 98.504 89.557 5.131
GATSP 50 400 25 75.725 91.160 82.938 5.042
TLBOTSP 50 400 25 74.599 91.350 78.157 4.759
GWOTSP 50 400 25 74.356 82.515 77.498 2.270
PSOTSP 50 400 25 75.726 98.893 83.632 5.816
WOATSP 50 400 25 74.922 91.350 84.468 6.382
SATSP 50 400 25 79.320 93.964 88.183 4.023
ACOTSP 50 400 25 73.987* 74.247 74.044 0.074
FATSP 50 400 25 74.233 97.636 85.978 6.539
*Optimal solution Y83 Ulysses16

115

110 T

105

100 -

95 T

90

85 T

80 i

75 ——————————+ - =

70

65

P T C R N BT R N JC R R BV R
FEEELEFTE TS $0v F O &
< F & & \'e i\

ATW# 3 Box plots ¥esdanasiiy FOA Mvinsusudgeiudsnisdu 10 35n1s veulles Ulysses16
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° [y [ 0.5 a
XY uag Z ¥nsadu 2-3 Opt Aeaunis DAL)=(X(@1L,)2+Y (0,0 +2G,)Y) - Wuaunisiinain
51n@0es X2 +Y2 + 72 uagiin1sin Saving [N TIEBUAUIMIUNITINTUAUNIINNTTUIAT Fmin
11908190 3NTULIAGURLAUIMIANRRIRAIINDUAUDNATI DUAUN 2 A FOATSPS Aadanasyy

FOA Wuilifin1susuusedanasiiu nsmarinualusUuuuaunisiiuvesdanesfiuae De,)=

o o A

X002 Y(E))" Wuaunsifinansndiaesues X2 uaniu Y2 wazilinnsih Saving U198 BUAUT]
3 fedanesiiu ACO Susufi 4 Fedanesiu TLBO susuil 5 Aedane3iiu GWO wazdanasiiy
WOA Susufl 6 Fedane3fiu GA Suduil 7 Ale FOAGTSP23 filauududuuuu Hyper Dimensional
¥n3adu 2-3 Opt Susiudl 8 Ao FOA3twothree19 filawududu 3 37 Tufida XY way Z fvhnns

= A W

48y 2-3 Opt dudiuil 9 Aedanesviu FOA Nliiinsusuugsdanasiiu surun 10 Aedanesviu PSO

SUAUT 11 ARDanasvii SA SudUyl 12 Aedano3Nu DEO Lazduaui 13 Aodanasiiu FA
Tunsdlues FOA2twothree14S vilvilsAtuilniuavestdgni TSP danulmenisidsunias

YBINAA Y UINNIT X FIYULRUAINULANAI9UDIATN AL UATENINUTEVINT dINAAAINITOBEN

'
aaa

dunsiifeanainiduniafisesnunnlataauiudiu FOA3twothreel 7S WiufiANa11 I 1IN TH
& Adw = o v a £ Aa o a & A v PN
WunAumdanududounazanas@ulasanizsludymindanvaz@aiui 3D nslysinfidesues
syegnandavinlinsuseliuiaualndiAgsdnwaraswInn1Iuuy 2D Unk anran1suAdeynn
TSP nauauawsonIsilwosuInngT 1 46 wagll non-linear scaling (W1 8nA&IEDY, S1nAEDY) 928
TnsUszliudunsazidauaziug NI mdensly 2-3 Opt Pretiunsusuldunslutdnan
AINULAEIYBINTTAR local minima wazn13lY Savings Algorithm ¥38a319Us¥ NI TUAUAMNINES
lviganaifiy FOA MUFuUssmiidnen nvilandt FOA ALANKALdaNeSTMmEITaRNAIDUY

M13197 6 HAETUNITIRBUAY (Rank) Nteannmsnaaeulamilagldisuangisasn

City Ulyssesl  Ulysses22  Dantzigd?  attd8  Eil51  Berlin52  st70  Eil76  rat99  Mean Rank
FOATSPS 4 2 3 3 1 3 3 3 1 2.556 2
FOA2twothree14S 3 4 2 2 2 1 2 2 3 2.333 1
FOA3twothreel7S 7 3 1 1 3 2 1 1 2 2.333 1
FOA3twothreel9 2 11 11 10 11 11 12 11 12 10.111 8
FOA4TSP23 5 7 13 9 9 9 10 9 11 9.111 7
FOATSP 10 10 12 11 10 10 9 12 13 10.778 9
DEQTSP 14 15 14 14 14 14 14 14 14 14111 12
GATSP 12 9 9 7 7 5 6 6 9 7.778 6
TLBOTSP 9 5 6 5 5 6 5 5 5 5.667 4
GWOTSP 8 6 5 6 8 8 8 8 7 7.111 5
PSOTSP 13 12 8 12 13 12 11 10 8 11.000 10
WOATSP 11 8 il 8 6 7 7 7 6 7.111 5
SATSP 15 13 10 13 12 13 13 13 10 12.444 11
ACOTSP 1 1 7 q q q 4 4 4 3.667 3
FATSP 6 14 15 15 15 15 15 15 15 13.889 13
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6. @yUuazanusnena

[y

F5nsunacunalidmsudam TP Aldlunsuidamlumsindumaiuduiidmisines
wuulasmduduaesdii dumiswosuasiunaliusazsignimunlaefuusassi Tneuniazidu
it X waz Y winsldiiies 2 37 ldiemednsunsuidymiidenududounntu wu Jaymid
paefauls ungdudou videtaduiidosRinrsumnnndiudnsdumnituiluzuuuy X uag Y 91avili

° ° 1 a a A oA Aa o o A
ﬂ']i?’nu’lﬁu%qﬂqmﬂU‘l@JNﬂﬁgaﬂﬁﬂWWLV]']Vlﬂ'lﬁ I@IEJLQWWS@EJWﬂﬁﬂlu{j@,ﬁqmmmquﬂiwaqﬂmﬂLL‘UTV]

Ya o =€

Wauleadu favedslaviinisusuamisfwesiaenisiinlautuliidy 3D wuu 3 O/ eiuite Z

Y
(% '

W Wl sAumSudeud sy LLaﬂulmuu%’uﬁqﬁu MMSUSULUABLLUY Swop ,Swap wae
Insertion position WAazN1FUSUIUEBLITRANTAINITAZY 2-Opt NS48 3-Opt Wagn15ddy 2-3
Opt wagn1911 Saving tunvaslasmsiuaadusiu Aviilidilnd drdnouiivanzauiiands
Saving @ANNIOTITANTELLIA UM IMAMEUAIL

Tumsiisgsinsiisuidiou Algorithm Aiafigaduardmmeuiliminzaufigalaefiarsanain 9
o9 fauanslumsnsil 7 Mhnsveaeunaiiliainnisiiansandiadeainnismaaeuiiios Dantzigd2
fifmevanasanmfmaeuiivinzaniignanidu 2.780 % eshelunismeasslddanaifiu FOA Au
Yyavuaa DANTZIGA2 Faflnsse91ue optimal tour length 111U 699 (Reinelt, 1991; Reinelt,
1995) wan1seurnvesidoildandunsdidunit o 679.56 Medlannnddguinainainy

wene1slun1sAuIsEeEnie Insluauddeilda Fuclidean distance wuunadsudulaglaitnume

1%

Yuzdl TSPLIB Amualildnislaanszeznmaduduuay dau wikadnsnldazganiiarfneud

]
a =

winzauNgaseau wiliasnsadiodndumnauiinni Ml nansnaasadiaziouindanasiiug

WU UELNTIARRUN InAesnuAI R lasUNIsausUlUIIvINIS

'
1 o d

Tulloq Ulysses16 fAmauwinfuAimnauivinvauianluiies Ulysses22, attds way Eil51 3

'
= a

mnaulnaAgsAIAnauNwunzauiandndu 0.239%, 1.655%, way 2.691% AUAFU warkilea

9

Berlin52, ST70, Eil76 way Rat99 fiAmmauu1nni1 Optimal solution Antdu 3.437%, 3.659%

4.617% way 4.160% AUaINU

1o

o o = . dad o d o ad o v
M990 7 N1SUSsUngU ALgonthm V]GW]E‘:!G] ‘Uﬂ']ﬂ']G]E]UVImll'lgam/la;ﬁiﬂﬁlﬁlﬁﬂ'ﬁLL@Jﬁ\‘i'JUNﬁI&J

Optimal Optimal solution
City Fitness Algorithm
solution (%)
Ulysses16 73.98 73.98* 16 Optimal solution FOA4TSP24S
Ulysses22 75.30 75.48 0.239 FOAA4TSP22S
Dantzigd2 699 679.56** anas -2.780 FOA3twothreel7S
attd8 33,522 34,076.87 1.655 FOA3twothreel7S
eil51 426 437.46 2.691 FOATSPS
berlin52 7,542 7,801.23 3.437 FOA3twothree14S
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A5190 7 (59)

Optimal Optimal solution

City Fitness Algorithm
solution (%)

st70 675 699.70 3.659 FOA3twothreel7S

Eil76 538 562.843 4.617 FOA3twothreel7S

rat99 1,211 1,261.38 4.160 FOATSPS

* Optimal solution, **~ Optimal tour length(Reinelt, 1991; Reinelt, 1995)

defiasannsuiuussisnmsuasiunaliflunsmdneuvesiym TSP 9inmsmaaoufLuy
Sloavis 9 Fauuutiumadiléiann FOA3twothreel7s anusalddnoufiafigadiuau 5 fuuu assas
anldu FOAGTSP24S 17U 1 Uy FOAGTSP22S 1 #1 wag FOATSPS 2 fauuu Jaaziiulaun
Lﬁaﬁmﬂ%ﬁﬁﬁqﬁummﬁu (X, V) 48U (X, Y, 2) uag (X1, X2, X3, X8) vliguwuunismeneuly
Srunulsznns wasseuiivhiudledleusuwuudutuiauaunsalunsusudasumvesiaudsle
Tnsannsadilndadnouiivanzauiignlaedlodildddesnindrmneuiimnzauigalduiides
Dantzigd2 waziilesdileAuinduamaouiimnganiigalduniios Ulysses16 uay 1ilaadilden
TndiAes Ardmeuiivanzaniigalduiiios Ulysses22 Attas, Eil51, Berlin52, ST70,Eil76 uag Rato9
Gananisiann FOA TUgliffiastiu (3D uag Hyper Dimensional) wandlifudsdneamlunisdsne
ﬁuﬁﬁmauﬁﬂ%ﬁu?}waaamiamaiumsﬁmagjﬁ local optima leegaiidedfgesuislaainngud
A5\l degrees of freedom YesiuUsHIVIITdUMINISIAABUT (trajectory) wasdana3fiulaign

inegluszuvasliffuluvaziiedatunisuuin Heuristic Methods laA 2-Opt, 3-Opt, 2-30pt

wag Savings Algorithm vinl#sanesNuaIN15aas19UsEaNnSSuAURTAANLaZINTUSULA 9T

q

' ¥
Yaa =

TAssas9voadun1lans sy dwmalinszuiunis local search ﬁﬂsz%m%quﬁuﬂdwmﬂi’f FOA
wuuiinlaenisnauisiudngidain duaugidedasadnilanizianzasdudam (heuristics
problem-specific knowledge) 11 2-Opt, 3-Opt, Wag Savings Algorithm Freiinuszdnianaes
nsmAneveteitedfty (Liu et al,2023; Zhang et al,,2023) TnganunsnasisusyansiSududil
AAININE Az UTUUTS local search l9Ad saanadosiunisuddymidsnaunanu (Combinatorial
Optimization) dusunisilgfiulemi TSP ﬁazéfaaa%ﬁqamaswdw exploration (M5dsa9iud
Ameulvs) wag exploitation (MIUFUUAsAABUTRBEUED) LenaAniAss local optima
Tngazdiuldi1nsld Algorithm FOA3twothreel7S fduanudiffinisusuiudey Swap, Swop
Waz Insertion position LUUNMTEAU 2-3 Opt In15fiansanALUesiduRveInTaaumLmLe wazn1s
11 Saving lantelumsivuaduszvnaisuduanduilidilndd mpeuiimnzauiaaiies

e ALANNNTLUNE1539910 FOA LUUHIREN WAarANNANNIAlUNTEONAINBUINITTITARNI

foidunisnaIugaudsve global search way local search Wideiu AITuTIAINIT0OT UL
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4 =

nuiledn FOA3twothreel7s fiszansnngagalumsudiam TSP Adudeuilewfisuiu FOA

[
=

LULSAY wasiuinBiAaRnduY waydanaiTiu FOAITSP24S Adulawuduiigau Ansuiuasu
Swap, Swop Wag Insertion position kUUN1SASULUU 2-3 Opt warN1SRANTUIANUDSITUARVDINTT
adusuvisuagininii Saving 1w andwilildenlndidesiuaidmnouiimnzauiian uaz
dano37IN FOAGTSP22S LﬂulmLuu%buﬁqﬁuﬁﬁﬂ’ﬁﬂ%m?{w Swap, Swop Wa¥ Insertion position
LUUNMSASURUU 2-3 Opt wagn1siiansananUesidudveinisadusiuniiasinistdi Saving 11
Laydane3iiu FOATSPS Aedanaifin FOA iuiliifinisusuussdaneiiuuariinisi Saving 1
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