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Abstract

Flexible Printed Circuits (FPC) are important components for various electronic devices. Currently,
customer demand tends to increase over time. For this reason, the company must increase output capacity
to meet the needs of customers. FPCs are applied low-pressure plasma process in order to control the
quality to be clean and enhance connectivity in electronic devices. The objectives are to increase output
capacity by reducing the cycle time and to identify the effect of low-pressure plasma cleaning parameters
on the Water Contact angle (WCA). It must not exceed 30 degrees, which is in accordance with customer
requirements. According to relevant researches, the factors affecting the optimizing of plasma parameters
were plasma time, the power of the radio frequency, the flow rate of oxygen and the flow rate of argon.
A central composite design was applied to design the experiments and response surface methodology was
applied to analyze the experiments. The results revealed that the optimal parameters were a plasma time
of 6.37 min, power of 4.20 kW, an oxygen flow rate of 0.10 /min and an argon gas flow rate of 0.60 /min.
The average water contact angle does not exceed 10.357 degrees at a 95 percent confidence level.
In addition, the plasma processing time was reduced from 16 minutes to 6.37 minutes, resulting in a 52.97

percent increase in plasma processing capacity.
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Abstract

An animal hospital is a place where pets are treated by veterinarians. Normally, there are many
veterinarians in an animal hospital. The hospital must have a task schedule for the veterinarians in order to
assign a time period for each veterinarian to work. An optimal schedule for the veterinarians is very
important because it can help the veterinarians treat pets more effectively. This paper presents an integer
linear programming model for scheduling the tasks of veterinarians in a week using the data from an animal
hospital in Nakhon Pathom. The objective of this model is to maximize the total number of days off for the
veterinarians. The proposed model provides an optimal solution, which is an optimal schedule for the
veterinarians in a week. The solution tells which veterinarian will work during each time period. The
proposed model was solved using ILOG OPL CPLEX 12.6. The results showed that the maximum number
of days off for all 9 veterinarians in the case study was 28, where each veterinarian had to work 3 to 4 days
a week. The proposed model can be used as an option to find an optimal schedule for the veterinarians

in the case study or can be applied to schedule the tasks of veterinarians in any animal hospital.

Keywords: integer linear programming, scheduling, animal hospital
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Abstract

Cultivated bananas are one of the most common types of bananas found in all regions of Thailand.
They are widely consumed because cultivated bananas contain helpful nutrients that energize the body.
Moreover, they can be processed into a variety of other products. But from the study of the cultivation of
bananas at present, it is found that the farmers still face the problems of lack of effective production
planning. The problems are found in cultivating, harvesting, and delivering to customers. This causes the
farmers to produce poor quality banana yield, sell at a low price, and lose their income. To solve this
problem, therefore, a mixed-integer linear programming model was developed for planning all activities in the
supply chain, including soil quality improvement planning, banana shoot ordering, and setting the interval time
of fertilization and harvesting. In order to meet consistency and maximum total profit surplus. The results
showed that the proposed mixed-integer linear programming model could be used as a decision support tool

with a 10.52% increase in profit compared to manual planning.

Keywords: cultivated banana, production planning, supply chain management, mixed-integer linear

programming
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Lablll' = 3 (RoBI, e Ban' }

ielgUlge
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Fodnrin (16)
> RoG e Shoj

jesup

VielgUly,VteCT (16)

gavnafuduuussnuiitnynsnsazdesdnly
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LablV' = 3 (RoPI, e Ban' )

iclgUlge

VteCT (17)
Ban', SupS| e {0,1}; Vi, vj, vt
ByP', PBang,QoF, >0;Vi, vk, vt
QoFI; ,QoFIl{ >0;Vi,vm, vt
Lab', Labl' > 0and integer ; vt
Labll', Lablll' > 0and integer ; vt
LablIV*, Sho; > 0and integer ; Vi, Vj, vt

= PBang*®
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4.5 aunmstmune (Objective functions)

Tusnidfodnueiifoldfaumadmnedmiy
wnwasnslddussuunisnaunuldgumunisudnndie
1 Ao ielidislslunisugnndrethiumnzaudige
(Maximize total profit surplus) FIAN1TIURUNTT
Fovnmdeugndae madenldulasngn madentete
sullfsnsifuiengred lviseldannnisee
wanzauiign desedlinsenuseanuiienelavesgndi
Tngaunsilvunedsznouse

Max z = Total revenue - Total cost (18)

PnaunsitimneAmuali Total revenue Ao
seldsmstmunannsuendeini (PBana) wax
wiendeih ByP) Feanansauanslane
Totalrevenue= > > (RvP' ¢ PBang)

iclyUlge teCT
+ Y Y (RvB'eByR)
ielgUlge teCT
Tudauveameniiaosiu fvusli Total cost fio
Funusamitmuaiiiaduainnisugnndastnii 4
Usznaumenunu 4 Uszinn fe auvulunisaiduns
wgdgn () dunulunisdsdemiiugndothi
(™) Funuarieildlunszuiunis () wazfuyu
ATy () ol

Total cost=c® + ¢ + ¢ + ¢

Fer

gunulunisadunisimizdgn ()

dusumuiifedudenvasnsfimadeniduuag
Ugnlunisasmiendastrfinasadasaanlunis
WnUgn Usenaudig duunIseseuiu MIgualay
th393nw wazanldsreisududug Wusu Tnesdunu
zuandreiulilundazuuas uazsenitaulaas
inwasnstomseulasesnumsnsluleetns Seanunse
osuneldded

*=Y 3 (CoP, « Ban!)

ielg teCT
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ielgcteCT

sunulunisdsdenianudndieund ()
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Wugnaleu1IngImiienieiugnaenyiiaily
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ielgulge jeSUPteCT
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+ 3 Y Y (coFl, «QoFIl;,)

ielgUlge meSFI teCT

FUNUALSIU ()

HufunuAId s nuiitnensnsazfesinge
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5. naawsn1sA1uIns (Numerical results)

PnkuuSasainunsladurau s wuinly
vadiaieinuaniiy anrdidelaldlusunay CPEX Solver
Ingldn1w1 GAMs Studio (Version 27.3.0) Tun1siigu
wuuSaesszuUMITUELTggUIUMSKEAN A8
wielflunsmdmeuiivanzauiign dmiudoyavun
938511 (The size of the test problem) wanslu
M9 1

715299 1 auInreIlem

Yunvaalaym
1) nguuandlddmiumsinzugn 12 oy
2) NguuUaaUgnIednERINTLeN 123 uuas
3) nquuUaslgnineasnslueiedng 106 wuas
4) nqugIwnedeusuuTnun ey 3918
5) naugdmveleans 15-15-15 wag 3 518
4ns 16-16-16
6) naudsmhevieugndrein 15 919
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5.1 WaawsaINnsaAne" (Basic case study result)

Tudilanfiteazdnavenadwsitldandoya
Bwesngunuasiugnndeiinsdanuludmia
Usr22uATIus Fenadndvesuvudiasudadunas
Srunududielidmivssuunsnununsanfous
nsusulsnmamAuluiufinsmnggn msidente
mipftugndredni1 n1sidenituiiugnndaeni 1
wfamafuifengenn lasseseunsonouauss
seguasvosgniliduifisnelald Fenadwiveq
wuuaestiuuandlumsai 2

AT 2 HAAWENITAIUIN

HAWENITAUIN
1) nanlsavnssau 34,046 UM
2) SrufauUsan 3,938
2.1) sudsindulagiuaes 641
(Binary variables)
2.2) fudssuaudu 2,240
(Integer variables)
2.3) é’auﬂs?ﬁuq (Linear variables) 1,057
3) 9IUTBINA (Constraints) 1,198
4) nafldlunisiunn Guad) 126.32
5) AAaie (Gap tolerance) 0.1 %

N7 2 HadwSBILUUSIaDItMuANSE
unauswaufuiielddmussuunisinsunule
qﬂmumimamﬂé’mﬁﬁw FIUANISIN NN T
miswusndas nsidenldutasign msidentets s
TUgansiiviAeandretasliiisteldainnisune
wangaufign lnganunsaneuausiagUasAueignei
Thluiifanelald fanaflsaniuosnisdniunisd
wavauiianegdl 34,046 u1n fA1AuLEe (Gap
Tolerance) 987 0.1% wazldnarlunisdiuiniies
126.32 Ju1#l wansliiiufanunImvemasnsiuIy
Lﬁuﬁlé’mﬂmiﬁwmmqﬂmﬂ Fuflowsouiisunadns
ﬁﬂiqw%miﬁuﬁumsﬁgwummﬂmiﬁwmm‘uaﬂ
LLUU?ﬁ”la?N‘I?]Iﬂiuzﬁ%ﬁﬂﬂ%’]ﬂﬁuﬁuﬁﬂimﬂmiﬁﬁLﬁun’ﬁ
rounslduuudians (Manual Planning) Faflrilsams
agﬂiﬁ 30,822 U 91INHASNEYBIUUUSI@0IENNTOLL
Hamlsansannsandunissinlafs 3,242 vn vise
annsadiunamlsgvdlétsienas 10,52 fuanslugui
2 lnUNaaNSVBIAINDUAINITOIIUANUTEUUNITHER
n&1etn i degeiiuseansain uazaunsaidende

adensudnlaegiamungan lnsaiunsanevausigy
advasgnA i duifianelale

5.2 NM1531A312%A21U17 (Sensitivity analysis)

AMSUNITATIVADUNANTENUVBIAIATA ¢
(Parameters) douuuiraaslunsdifnuil anzdideld
Mn1sAs1ziauly Tnefiansunnuuysiumgg
geauvuaasluveunvesiAsifiimun [15]

ANS97 3 NaN1TIATIEYIAN LD

Wosidud sunulunsadunsinizgn
Wasuwdas | warlsans Wasuwlas (%)
10 30,535.52 10.311
20 27977.64 17.824
30 25,798.02 24.226
40 23,305.17 31.548
50 20,282.56 40.426
wesdud | dunilunsdsfondeiugndrethi
Wasuulas | warilsaws Wasuuuas (%)
10 33,584.68 1.355
20 33,123.02 2711
30 32,661.68 4.066
40 32,190.49 5.450
50 31,738.70 6.777

wWosidud dunuaeildlunseuiunms
Wasuwdas | warlsans Wasuudas (%)
10 28,041.99 17.635
20 23,780.45 30.152
30 19,518.91 42.669
40 15,257.03 55.187
50 10,995.50 67.704
Wosidus AUYUAIMTIY
Wasuwas | warlsans Wasuudas (%)
10 32,202.07 5416
20 30,738.43 9.715
30 28,934.33 15.014
40 27,470.70 19.313
50 25,666.94 24.611
msesgianuluiegeulvanudasuutas
yosfunuididenailssimuans Seiuyuitisadostu

FTUUMSRUNIHEANSIBINIUTEnoUMeR Uy 4
Useian Ae duulunisandunisinizugn dunuly

v
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nsdsdenderusndandnin dunuaedildly
N3EUIUNIS WazduuAusny Tasrazdidoasiiy
FunuurasUszianadaaz 10% auiis 50% (16] as
nadwsvesnanilysiugnd waziosidudnas
Wasuulaswemarilsssmuandlumsiei 3

91101519713 wudniledunuarJeildly
nszUauMTiLTy 10% azdwalinailaudounas
fv 17.635% Tuvauzdimniiuduyulunistenieiug
ndaptind 10% azdewalinadilsddsuuvaniios
1.355% Lipsandunuantefinisdonutaaaiild
Aeiu waziinslddensauiisduseuganialan 3
dawaranulaidenisiudsuudasmadilsuinanin
dunuug Srduunuendeflilunszuaumadudunu
fiflanudifgsolasairenatlsnugnstomunves
wuuaemendnmanifinaelideaitu
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Tunstondeiugndroanuldnasonisiisuulag
Hosfianmindunuussianiidunuiiuty fafumin
NBATNITIZUUNITIURUNITNAAN A28 9T
UszAvBnmagamnsadaganduyu wazifinnaniils
Tiduinemsnsladueened

34,500 -

33,000 -
31,500 A

30,000 -

28,500 T T

Manual planning  Planning model

v

JUT 2 Wisuisunadnsuailssingvsnvan
ADULAYVAINT MILUUIAD
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UNANED

Fnafimnzauwuu (Whale optimization algorithm: WOA) {Ju3Tumasafndiidouuuuanan
wgAnsTuNsaWE evenuiivszneuluie msduniniie Surdeu uarlandnge Tunounsfumeinou
Usgnauludensmeineuuuudunszans (Exploration) wagnisvmeuluiuilndides (Exploitation) @ 4¥in
Tinavosrmeuildfinanmiid nuiteidiauensuszandl3s WoA SrufuiBéumianizii (Local search: LS)
wllun1susuuserney 15803135 WOALS dmsunmsuitaymnisdaduniseiunivugnaigdssianaiele
Feulusunsauna (Heterogeneous vehicle routing problem with time windows: HVRPTW) fifinsounatwuy
Bavieju (Soft time windows) Tnefdunsumsudilymusenauie msusuamsimesivnauresds WOA-LS
fiusznaudie $1uW (Number of populations) wazs1uIUTEUNSALMAIREY (Number of iterations) taeld
A8110T (Taguchi orthogonal arrays) TuN1509NLUUN1INARBILAZNITTATIENAMULYTUTIU (ANOVA) Ung
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wazihineud U3 suiisufuisAunuuudesiny (Tabu Search: TS) HANSYIAIABUNUINSE WOA-LS
a3130MARaUlaaniInig TS 91uau 9 Jaywnann 56 Yy wazanunsamameulavinduds TS S1uau 4 Jeymn
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Abstract

The Whale Optimization Algorithm (WOA) is a metaheuristic algorithm inspired by the hunting
behavior of whales, which involves searching for search for prey, encircling prey, and bubble-net attacking.
The WOA consists of exploration phase and exploitation phase, aimed at achieving high-quality solutions.
This study proposes the application of the WOA method, combined with Local Search (LS) method, named
WOA-LS, to solve the Heterogeneous Vehicle Routing Problem with Time Windows (HVRPTW) under soft
time window constraints. The problem-solving process includes adjusting the appropriate parameters of the
WOA-LS method, such as the number of populations and the number of iterations, using Taguchi orthogonal
arrays and analysis of variance (ANOVA). The parameter results are then used to solve the problem and
compare the solutions with those obtained by the Tabu Search (TS) method for 56 benchmark problems
with different customer locations. The results show that the WOA-LS method outperforms the TS method
for 9 of the 56 problems and achieves the same results for 4 problems. The average solution quality of the
WOA-LS method is 3.29% higher than that of the TS method, indicating that the proposed method is

effective in solving the problem.

Keywords: vehicle routing problem, time windows, whale optimization algorithm, appropriate parameters,

design of experiment
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1. umin

Jayunin1sdatd un1se1uniIuuy (Vehicle
routing problem: VRP) 1{ utlqynand e7i drdaylunas
Fansdunuladafnddaldzuaualalunsinuide
wegrollos JULUUvesynIs uduiiauelng
Dantzing and Ramzer [1] lévinns@nundlaym VRP i
MsvudELAmIUTINMAIFBINTAURTIuAn ey
finguszasALflemAIne U uduNIae N IMLE T
Hanndidisyozmatiosiian lasddesiandnog 3 4o
fio s muzAeuAuNeenaNASIALA LA NAUNT

(% [

AR gnéndpdldsuaudtamnaineun g s
Aufel wazUTuiaaNAeIn saualulaazidunig
AodlailAnYIIIMAINVRLIUN VUL FiBNNFULUUTDS
Haymlginsvensveuwamsanenlunanednu sausadl
msviuieuluardesiinfidenndostuanintymiaia
WU MSTAE U U LS AITiAS AU 1 unie
(Multi-depot vehicle routing problem) n133aLEUNI4
gIUNIMUET T N5 e unassuduaale (Vehicle
routing problem with pickup and deliveries) N154 7
duneumnugiifinnsaudsdudindunndindsdudn
(Vehicle routing problem with backhauls) Judu
Jaymnsdaduniseiuninug nanglseian
(Heterogeneous vehicle routing problem: HVRP) Hu
Jamrn1sdaduniseuninugd dnasldonunivue
naneUszivkaznatenuglun1sIadundliuinig

1%

anAn sUsuuresdymuuseenitiu 2 guuuu fie Jgym
NITALEUNB LN UERAEUTELAN AN SATUR
FIUIULALAINNI VOB U NUE Tuks Azl TN
(Heterogeneous fixed fleet vehicle routing problem:
HFVRP) Wauslae Taillard [2] wazdgyninisdndumnig
guNIMUEiateUsELAnlaein1siunAugue b
MuuATuIue IuNIURUEluLaazUsyian (Fleet size
and mix vehicle routing problem: FSMVRP) 41tau®
10 Golden et al. [3] dounldfinsimindouludes
FuvuAsil (Fixed cost) E1%5UBUNNUELALAUNY
WUIHUAINTEBENIINITVUE S (Variable cost) Taw

Ferland and Michelon [4] Wntauadgyni FSMVRP

Aarsaufuvuasi Lagduyuudsdu wuieadu L
Golden and Wasil [5] ¥awaieym HFVRP fifiansan
FunuasTiuagfuuLUsHu Uy
Jouladrunseuiian (Time windows: TW)
Junsiudeulaliruilam VRP tnedeuludunsey
nandldndsianseunaiignddesnisivuinislag
gﬂﬁ’n,wiazi'laﬁmiﬂ"mumﬂiaUL’ngué’uLLaxéuqmﬂ’ﬁ
$uusnis wuseanilu 2 JUkuU Ae NFRULIATRUY
\A39AsA (Hard time windows) udesiiafienunmuy
Foudumanduarlvuinisnielunseunandismun
Wiy uagnseuaUUBAnEY (Soft time windows)
Judesrfnfienuminuraiunsadunanisounsou
nasuduldusazdesseauiansounaiisuduiaesy
Trusnmislalaglidideausu
Ugminisdadunisenuninusnaisuszian
meldidouludunsounian (Heterogeneous vehicle
routing problem with time windows: HVRPTW) 10w
nsiiinideulviiaenndosivaniunsallutlagiuiinis
yudsdudUsznevludssnunvusatsUssunn il
naneAnulasinisivuaduIue Ul Iamtn
NOUNITIALEUNY ?jaqﬂﬁ’ﬁ:ﬁﬂ’ﬁﬁmumﬁd’mwaﬂumﬁu
duen 1me Jiang et al. [6] loihdgmufisuides VRPTW
83 Solomon [7] wwhnsiiiniieululaefnuas o
AN FuUAITLaE AU LUUSHUTBSE UM UL Us A
Uszn Tneiiingusrasdifiomiuyusiuiidesian
Yeym1 HVRPTW WJudlaymnismendianga
1971597 (Combinatorial optimization problem) &
aglunquiymiuuuein (NP-hard problem) N1
Mnoufiafigaanunsavilidetamivuiadnuags
Fosrialiunn uiidetlymivunalnguazidesiai
Fudouniniu namdinoud A ande3sudunss
(Exact method) e1aldasnsamlanseldianlunism
fnaufi U 33nsud i elildnamneuuuy
Uszunad (Approximate method) 39l suAutleu
Punlfuddeym Insnarmaeudldorvlilemnauiia
Aan uwidudneuiiseusulduazdalndiAsaiuan
a

AmuNANandsaunsarlanielussegaNuunyay
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nswAdY HVRPTW din1sunignisuntym
fivannuaneuld Tneisfideusianldfe 35843amnd
wariSmddafnddaduisnsmmneunuudszinm
Faannsamemeuiinlinelussevnanfimuizay tne
Jiang et al. [6] Y13 AUNLUUADINIY (Tabu search:
TS) unlwuAtleyin Paraskevopoulos et al. [8] wAdgyna
favisAumAInaut1ulnaAssUuLUSHY (Variable
neighborhood) $a1AU35 TS Molina et al. [9] 1473511
AIMDULUUBUIL ANLA (Ant colony system: ACS)
Saufu3SAunnanizil (Local search: LS) Jair et al.
[10] Aty HVRPTW fifiaudwaneaiindae3s ACS
wuuUsURLsTuuaanig (Two-pheromone trail ant
colony system) 39uAUTS TS

A NIMAIMDUR IS A TS AU
(Whale optimization algorithm: WOA) utaualag
Mirjalili and Lewis [11] Lﬂuaﬁmmmiaﬁﬂéﬁﬁﬂaaiu
nauAsfla$uusstunalasnainsssund (Naturally
inspired) @ st u3 g n1sdumidmeulngedengu
Uszr1nT (Population-based search) LA8ULUULIIN
woAnssuNsavdereswiivszneuludie n1sdum
wilo msTursdey waznslaufivie Suneunsdum
ﬂ"ma‘uﬂizﬂaulﬂé’nm‘fwaumsmﬁmauLLU‘UEjm
n5%318 (Exploration) wazdunaunsmAneuluiug
Tné\Ae (Exploitation) Bevilvinadmeuiilddaanmi
7 uasandaFadndlua i §lagnunluldlunns

v

WAty fiunswaneannidn Tag Dewi and Utama [12]
191135 WOA $audu3s TS unlalunisuitdgym GVRP
wazUsuUTernauni83s LS Elmousel et al. [13]
uAdegyn1 CVRP TaaUsuds WOA Tmunzaunudeymi
wuuliisewios Zhang et al. [14] 16133 WOA unldlu
1WA U YnINISLA UN19UeINITN9IUVIY (Traveling
salesman problem) Yodwangjai and Malampong [15]
171138 WOA $2uiuds LS unlalunisundeaym VRPTW

nUgyunn HVRPTW Lag ﬂ’]iLLﬂ{]EUWWlﬂa’YJ
wdefy U Ted duuadalun1sinds WOA un
Usggndlilunisufdamm HVRPTW Safiudsidsline

gniunldlunsuadamidl nmsimuedmisdwes

dmsunmsmemeuveturardemazdafiunnenaiy
Fadsnasionunmuarszoznaildlunsdumeiney
AT sl nsvaaewi emdmsdinesd
MLZELYD9I5 WOA dusunsuityn HVRPTW uag
163135 LS anlilunsufuussimeuiietesiunisin
fmaulanzil (Local optimal) 138n313% WOALS n13
PaNkUUN1INARBIlYIE N1 % (Taguchi orthogonal
arrays) U mageuiulamiisulAsswed Jiang et al.
[6] Msnaassaziidunudgmiluudaznauuimeass
mamiwesuazinaildiindinsgianuwlsusi
(ANOVA) uazthraamnsinesfivanzaudldainnis
nnasdlunagsuiulandJgmifieufossuauioma
56 Yoy LitemAmeumaziUTeu A RaURUTS TS

Tusu3deves Jiang et al. [6]

2. NITUIUNITHIATNDY

2.1 FBwemfianzausuuyg
ASEUIUAITNIAINBUA I8 EMIAT Lz
WU Supoused
Fumeuil 1 msdeumile (Encircling prey) 1fu

fuppunsanvde lnswaransurtavd onagyin

¥ o

nsaaundely dundaniaazgniinunnie X way

Y
Aaa

C‘]’]LL‘M‘UQL‘MS@‘V]LUUF’WWW]@UWWW anluspunNITAUMIUL

q

—

wnuge X* @9 B Wudumdsssninannwiumie ng

mmm’azﬁmvwmmmﬁ%’wsaﬁ’]Lmﬁmadﬁuawﬂ’wm

Aaa

G]WLLMUQW‘IG]E]UV]@V]EW mmamwumuammﬂm Uﬂ

5 =|C-X"(t)- X (1) (1)
X(t+1)=X"(t)—A-D 2)
do  XT e nnwmeddumisesineuiifign
Tuseunshumdagdu

X Aa LInwasMuvadagiu
t Ao seunsAumdagiu
A Ao nnofvesAdulszand nns

A Awdalaanaunsn (3)
c A9 LINLMBsSVBIAEUUSEANS NS

Aun Awdalaanaunsn (@)
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A=2a-r-a (3)
C=2r @)
il r AD AINMBTENTENINE 0 B 1

a AD ANINLIBSNANAITENING 204 0

Judunsmnsounisium ausaldainaunisi (5)

g0 2t (5)
Tmax
) T AB IUIUTOUNSAUTNEIER
max LU}

Fupeud 2 Tanslaudsaeniosennia Bubble-
net attacking method: exploitation phase) LdguLUU
PNNEANIINNNSE B ave1 Taeniswulesenia
Fouwnbel’ Fadnwaznmsnuneserniall 2 JULUY AB
ARMsdouRUUMARILAE IS NS UTIWUUINGE)

sUBUUT 1 38nnsdeunuumnada (Shrinking
encircling mechanism) LI unginssuvesnislanfinae
Wesomelaenisanan a luaunisi (3) vilvensaan
FurauveannmesduUszansnisdum A flAranas
e oy a axdlinanasnin 2 f 0 WWudussdunnseu
ATAUNT AILRUILALVDINITAUNIAIRNDUAINITE
ﬁmumvl,myv!ﬂﬁi’ﬂLmu'ﬁwiwﬁﬂLmﬂuﬁmﬁ’uﬁumﬁﬁa
faslusounsfumeneutiagiu

sUuuUT 2 33n1siAdeuiluuuinden (Spiral
update position) ilung@nssalunisannd evesnwd
st ndeuiduinaudenmdowasvadalurian

a [ [ [y a [ a
WEINUUUTNYULLNAYINIFUNITN (6)

X(t+1)=D"-e"-cos(2zl)+ X" (t) (6)
D' =|X"(t)- X (1) (7)
il D’ Ao srevvineseninsiuvyadagiu

LLaw‘l’WLmﬂaﬁﬁﬁq@

b Ao AAsTiaunnsinaeiaanisiiy

I e Adusening [-1,1]

sULUUYRINTlANAAIEN 981N AR I8ITNNS
Fouuuunainayisnsiedeuiivuundendiauduly
IFfinuwaznsdenisnislaudislaisvisananutay
Juitldannmsdusaannisi (8
X" (t)-A-D if p<0.5
D-e”.cos(2zl)+ X (t) if p>05

>Z(t+1)={ (8)

=

\dle p fg AduTENINe 0 B9 1

Fumouil 3 nsdunmie (Search for prey:
exploration phase) usnaINASaLAMENDIBINALA?
NwazAummdelusumiduieiBnisdu Jsin A 7
lAa1nnsguazdiauinnit 1 nieteenii -1 i lw
sunlslumsdummtelnanndudada Duduneu
NsAUMLUUENNTEA18 (Exploration mechanism) lng

zUsuUsaunisludqlaainnisay X wnu

rand
AWMU AN A N1TAUNIUUUE UNT2BILVUTD
‘A‘>1 AWANNISA (9) war (10) wasitilonn ‘A‘gl oF
insUsuUgewmisladauaunisi (1) wae (2)

5:\6)2 X

rand

X(t+1)=X A-D (10)

rand

2.2 FBRunamzd

53@unanizdi (Local search: LS) vl unns
U%’Uﬂqaﬂ"maﬂmmﬁﬁwéf’umuﬁwavLﬁaﬂﬁummmi
TatdunrserunivuzutvianeulugulnatAes

(Neighborhood) tiislulamunumneufivainnaiuuay

Y
o

faunmitu Fsunadaenalalldendneuiiitunindu
wilduisyaedestulalidmneuilidney fudney
et Taeds LS Ahunlduiulsemmouvesiam
VRP Usznouludienisusuuseamnaunieluidunig
(Intra route) kagN15UTUUTIAINBUTENT 1A UNTS
(Inter route) luauAdeiléhds Ls wildsuduas woa
Tutumeumsdumndeifietietiostunisiadudmey
et 1035 LS ianldluruideduseneulude
7% Single insertion kaz3% 2-Opt d1mTUN1TUTUUT
AmoUNUlULEUNIS Lazdd Shift 1-0 Wagds Swap 1-1

dmSumIUTuUTIAnaUTEnIGEUNNa

3. Jymitl#lunsmaaes
Haymianmeaedunuised Wulanddaym
WisuiAsses Solomon [7] fUsznaulusheyadoyadiil
fumiaidagndn 3 dnwmy Ao wuudu (Random: R)
wuungu (Cluster: C) uaghuunauguiungy (Random

and Cluster: RO) luwsiagyadayaiinisinuatadnia
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yoseunmUEiTinsounaAs U MLz TA LY Tos
WALAIELEY 1 WazNToauIaINdIeeIunIvuEdaI1ug
UNUWNUA81aY 2 ety HVRPTW ¥84 Jiang et al.
(61 l&fnnsimunussLameumnugunnaasiuluus
azgatayautseanilu 3 Uszian fe Anugilesunu
A8 A A1UUIUNALNUATY B UAZAIINFUINUNY
A8 C luuiazyatayaln1smuuadnuIng TUN UL
naINduadadudn dunuaaiuazdunuuUIHuRLANg

M dswavidunvesyateyalym Aanns1an 1

M5799 1 Yeyatayy HVRPTW huwageu

VT‘NV‘Cap.‘LRT‘FC‘VC

HC1 (9 cases)

A 20 100 1,000 30 1.0
B 5 200 1,236 80 1.2
HC2 (8 cases)

A 20 400 3,000 100 1.0
B 5 500 3,390 140 1.2
HR1 (12 cases)

A 10 50 180 80 1.0
B 15 80 200 140 1.2
C 10 120 230 250 1.4
HR2 (11 cases)

A 10 300 800 45 1.0
B 5 400 1,000 75 1.2
HRC1 (8 cases)

A 10 40 200 60 1.0
B 20 80 220 150 1.2
C 10 150 240 300 1.4
HRC2 (8 cases)

A 10 100 900 150 1.0
B 5 200 960 350 1.2

3% WOA-LS fivanldudtamlunuideds
N151801MB5UTENBUAIY TIUIUTOUNITAUNIAINBU
(Number of iterations: NI) wazs1u3u 1WA 19 lunns
Fumfmau (Number of populations: NP) Taefiusias
WwesiamTnes 5 sy fmseil 2 3503

PONLUUNINARBITITNING ANUANTINITOONLUUNIS

NAaod Taguchi L25 ¥N1919a939 197U 3 AT
dane3udmsunsundynidisunielusunsuniw

Twneu (Python programming language)

AN5197 2 AN 0MB5I WOA-LS 7lglunisveass

Ny FTAUNIANDS
WI513M03
1 2 3 q 5
FIUIUTOUNT
y . 1,000 | 2,500 | 5,000 | 7,500 | 10,000
AUYNAREU
FIUIUNR 2 a4 6 8 10

q, %umaumsﬁ'umﬁmau%% WOA-LS

Fupoudt 1 MsadsfunufneuELduYesis
WOA-LS whlglasnisasnsuszensinsasudufidsuiu
ANATNNTEIRB S UILITIAunlulsas N1snaDs
Tnefinsseyiuntareniuiennnoiisluunnnm
EmL’mLmaif’whﬁ’mi’wmuqﬂﬁﬂwﬁuwfu AILNUS
nnimeignimuadelauduiiianszming 0-1 flsidnu

FDENNTATININADTHIUNUIVDINUAITUTN 1

YWl 1 | 022 037 069 044 036 087
MM 2 | 023 079 029 046 075 0.55
MW 3 | 002 068 032 099 047 077
w4 | 016 073 058 013 0.44 093

JUN 1 fegansaiiainnesiumiavenm

v '
s a

TURDUT 2 NAIVINAITATIUINLA DT AN
29921WHA 98 VNsHUAAI LY BanA e s LT
Faunumaudmiutam HVRPTW Tngluensiseils
1175n151389819UAILIN (Large Rank Value: LRV) 411
TdlunsiSesEduiurimesInmesNAINgn luaT

Wosan f9819N15WUaIIRIULINABTVBIIWAIN 1

[

Ae3uR 2 TeawdleinisisesdiduainAuinanluatey

U

4001435 LRV AN UINTT A UNUAILNLIVBI]NAN

9 9
@

A6un 1

=b
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0.22]0.37]0.69]0.44]0.36]0.87]

4
l

6|42 3[5[1\

JUN 2 fpgamsiUasinuniianninesmweag 1

Qe

uRAUN 3 AINATRgUTEAIRIINAILILS

<2

VOINWUAaEFI X, Imsw‘hLmﬂn’gmﬁiﬁﬁﬁmqﬂismﬁﬁ
Afigawiniu X

Fupouil 4 Usuussrmmaiiwes a, A, C, |
waz p

~quA1 p seWiN 089161 p=0.05 Puly
Fumeuit 9

- A ‘A‘ fnAn ‘A‘ >1 $ralldumoudl 7

Tupoudl 5 USuugeiumisindua i

ywilagtiu X fwaumsi (1) wazaunsii (2)

Tunoudl 6 Ysudgesumislvdvasnw X
AT LS

Tupeudl 7 adredundlmivesnw X fae
Wsdu X

Tuneudl 8 Uuussumidluslvassiunis
1tlagiu X sheaunisi (9) uazaunisd (10)

Fupoudi 9 Ysuusaiunisveanwdagdu X
Fheaunnsi (6) wavaunsi (7)

Tuneud 10 ioasuduIuTEUAUIAIREY

WAIIVEANITAUMIAIRDURAL UARINARIAINBUNA VAR

q

5. NaN1SAIUIIUIFY

5.1 an AW nasTimvunza
HAN1INIAINIIITLAOS T LML ENa1INNIS
maaqﬁ’uﬁqasﬁwhméﬂmmﬁq 6 Nau Ao HC1, HC2,
HR1, HR2, HRC1 wag HRC2 Wlethuaunitnsnzsiaiy
wsUsIu Ansevitasendnuardadesay Tenased
naudeym HC1 HanTIATIEiAINLUTUTIY

1NAN599 3 wuntadenanagesdian P-value < 0.05

wansedvdniansdmasondney urtlady NP &
f1 P-value AilndiAes 0.05 Faonadmaramaauliuin
magﬂﬁ 3 azuiuladn n1sAuuaAT NI windu 10,000
waz NP Wiy 6 was 10 Tedmeudindalngideetu
wazidlofasandadesaunuinfian Prvalue < 0.05
wansndadesudaasiaarmnauag1sltudiAy 210
U7 4 azuiiuldin msfvunartadsluusasedudana
sorrrnoulUlufianufelny Taen1snvuaai NI

Winfiu 10,000 wag NP wirfiu 10 aglviendmeuiafian

A3 3 MIBATwRAnNLUIUTINYeIngulym HCL

Source DF SS MS F P
NI 4 221074 | 55268.5 | 13.17 | 0.000
NP q 43495 10873.7 | 2.59 0.048
Interaction 16 | 397120 | 24820.0 | 591 0.00
Error 50 | 209885 | 4197.7
Total 74 | 871574
Main Eﬂedl_;glzt for Total cost
.
Em— o

JUN 3 mylesendadenannguiayn HC

Interaction Plot for Total cost
Data Means

2500

2400

e
§ 20
H

2200

2100

6 8 10
Number of populations

JUN 4 mylasgntadesiungulym HCL

naudeymn HC2 Han15iAT1EiAULUTUTIY

10157197 4 nuIUadenaniidnanearaineu Aa NI
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§eiAn P-value < 0.05 @2u NP fif1 P-value > 0.05
waneIlldamanamnau mﬂgﬂﬁ 5 zuulean ns
AvuaAl NI Wiy 10,000 Iﬁmﬁmauﬁﬁﬁqm WaYNIS
fviuaen NP wihiu 2, 4, 6 uag 8 Tedneuiilndifioa
funaziflefiarsaniladesau wuiflen Pvalue < 0.05
wansnUadesndwasioarrmnauag19lidudingy 210
U7 6 azuitulein mafmuatadeluudazszivdsnasio
ArAnaulUTufirmadeanu lnenismuuaan NI Wiy

Aaa

10,000 uaz NP wiriu 8 aglviAnAnauiiiiign

A5 4 MTleszvianuuUTUTungulygm HC2

Source DF SS MS F P
NI 4 834930 208733 | 27.97 | 0.000
NP 4 33016 8254 1.11 0.364
Interaction | 16 | 986263 61641 8.26 0.000
Error 50 373172 7463
Total 74 2227381
Main Eﬂe“ga:zt for Total cost

§ 1750

=17UD /

1650 \ W

JUN 5 mylesentadenanngulamn HC2

Interaction Plot for Total cost
Data Means

2100
nnnnnnnn

2000

1900

1800

1700

1600

1500

1400

JUN 6 myliasgntadesiungulym HC2

naudeym HR1 HaNTIATIEMAINLUTUTIY

1NMA15199 5 wuntadenanagesdian P-value < 0.05

wansitadendnisaesdmasemdmey 9ngud 7 az
Winldan msimuaan NEwiadu 5,000 wag NP iy
10 Widndnouiiafian wasiilofinnsandadosam wuidl
A1 P-value TndiAgany 0.05 uansinladusiudanane
Afneuroutaeevioetalidima anguT 8 aziiu
1A31n150%UAA1 NI AU 5,000 wag NP WAy 10

Y1 o pRpp
aylvienAmeunanan

M50 5 MTlaTzvauLUTUTIUngulagm HR1

Source DF SS MS F P
NI 4 1941696 | 485424 | 24.71 | 0.000
NP a4 473788 118447 | 6.03 0.000
Interaction | 16 | 590100 36881 1.88 0.046
Error 50 | 982406 19648
Total 74 | 3987990

Main Effects Plot for Total cost
Data Means

Number of fterations Number of populations

6700

6600
6500

6400 \
6300 \’/‘/'

6200

Mean

R

1000 2500 5000 7500 10000 2 4 6 8 10

JUN 7 myliesgnidadenannguiamn HR1

Interaction Plot for Total cost
Data

Mean

6400 A
=

6200 T

6000

4 6 8
Number of populations.

JUN 8 mylisgiitadesiungulym HR1

naudeym HR2 nansInTeiauLUsUsIu
1NA5199 6 WuINTaTenanvagesiian P-value < 0.05
wangsntadenanignsdamanannou watade NP dan

P-value MnaLAgs 0.05 Fea1adananarmaubiunnin
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mﬂg‘dﬁ 9 9z19iulaa1 n1siMuAA NI winfu 5,000
wag NP wnAv 8 Wﬁhﬁmauﬁﬁﬁqm wazifiof91san
Yadu59u wundlan P-value > 0.05 wansindadesiuli
denasiefnoy 91n3UR 10 sziiulen s
NI way NP lulsazseaulidamanaaiainou laens
AvuAA1 NI AU 5,000 kag NP windu 8 aglvian

° oA
ﬂ'WIEJUVlGW]Ejﬂ

Wity 10 Wisdneufiaiian uazidefinnsaniadesu
wudan Pvalue > 0.05 wanendadesulidmasie
ey 9ngUR 12 aguiuld st NI uaz NP
luudazszaulidwanadiAinay lngn1siivuaal NI

oA

Winlu 5,000 wag NP iy 10 aglviendAneuianan

M50 7 MTBATIauwlsUTIungulagvn HRCL

M50 6 MTIATIzviANLLUTUTIUNgu Ty HR2

Source DF SS MS F P
NI 4 1047830 | 261958 13.01 | 0.000
NP a4 434591 108648 | 5.40 | 0.001
Interaction | 16 | 196512 12282 0.61 0.861
Error 50 | 1006458 | 20129
Total 74 | 2685391

Source DF Ss MS F P
NI 4 52381 13095.1 | 3.93 | 0.008
NP 4 35836 8959.0 2.69 | 0.042
Interaction 16 | 27767 1735.4 0.52 | 0.924
Error 50 | 166589 | 3331.8
Total T4 | 282572

Main Effects Plot for Total cost
Data Means

Number of fterations Number of populations

2030
2020

2010

2000
c
3 1990
2

1980
1970
1960
1950

1000 2500 5000 7500 10000 2 4 6 8 10

JUN 9 Mmyliesgntadenannguiavn HR2

Interaction Plot for Total cost
Data

2060 Number of
terations
2040

2020 AN —a- 70

2000 N
1980 Va Na o

1960 / BN 7

Mean

N
1920 N

1900

4 6 8
Number of populations.

JUN 10 msasgvidadesiunguigm HR2

naudan HRC1 Nan153AT18RANMUTUTI
1NA15799 7 wuntadenanagesdian P-value < 0.05
wansdadendnisaesdinarieiAineu gUN 11

zuiula1n n1savuaa NELAAU 5,000 kay NP

Main Effects Plot for Total cost

Number of fterations Number of populations

6700
6600
6550
6500
6450

A\
o \/,_. v \\_
6350
6 8 10

1000 2500 5000 7500 10000 2 4

JUN 11 mslasgvitadenanngudayy HRCL

Interaction Plot for Total cost
Data Meai

6800 Nur
era
6700
6600
A

5001 B\ /N

88

Ry
ELELE

6300 [ e,

6200

JUN 12 msasgvidadesiunguiagy HRCL

15199 8 MFIATzviAulsUTIUNgu Ty HRC2

Source DF SS MS F P
NI 4 331245 82811 1.53 | 0.241
NP 4 482431 120608 222 | 0.112
Error 16 | 867327 54208
Total 24 | 1681003
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naudayy HRC2 nansiAsIeAuwlsusu
MNA5197 8 wuadevdniaesiien P-value > 0.05
uansitadendniaeslidsnasiormmney 9ingud 13
ztiula 31 n1sAMuAA NI WA 5,000 wag NP
WAy 8 SLﬁﬁiwﬁwmaUﬁﬁﬁqﬂ %naamﬁmﬁ’ugﬂﬁ 14 mg
Jinsevidadasauiinisiivun el NI wiafu 5,000 way

NP winfiu 8 Tidmeuiaian

Main Effects Plot for Total cost
Data Means

Number of iterations Number of populations

N

1000 2500 5000 7500 10000 2 4 6 8 10

5400

1A

5 5200
2

5100

5000

JUN 13 mslasgvidadenanngudaym HRC2

Interaction Plot for Total cost

4 6 8
Number of populations

JUN 14 mslasgvidadesungulygm HRC2

A9 9 WANISNARBINISUIANNISITLHBS N UNT EL

- w1dmas

NI NP
HC1 10,000 10
HC2 10,000 8
HR1 5,000 10
HR2 5,000 8
HRC1 5,000 10
HRC2 5,000 8

INNHANITNAADINITUIATNITIALADS T
WILNZANUDIID WOA-LS Tnensimsiesininuwlsusiu

nsieeitadendnuazladesinvesdunulyni

HVRPTW ¥ 6 ngal wuiinstwmuaa i siimesluus
arseAudmanomnauildiauuandaiu Tagnis
MnuamIdiwesvestayylungy HC dn1simuna
NI snnddagvnlungs HR wag HRC @un1siivuna
NP vaadgyvlungu 1 dn1simuaaiuinnindgmnlu
nau 2 lnednsimueemsiwesveslymusasnagy

) PN
ANMITNN 9

5.2 MaUBUNEUAINBUVRITS WOA-LS AUdS TS

INNANITNARDIMIATNNTIT RS TNz ay
Tuenidedldhamsfimesildumaseuiudam
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