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Abstract

In Thailand, despite a number of researches on truck management exist, it was found
that in practice, the operators have not adopted them. One of the causes is that the
research was not delivered in the form of software ready to use in practice. Moreover, the
software from abroad like ArclLogistics cannot meet the constraints used by Thai
transportation business. We have recognized the need to develop a software able to
respond to the use of the operators in the country that is able to efficiently handle the
increasing volume of delivery orders and support the various delivery constraints unique in
each business. This software will contribute to enhance the ability of the transportation

operator of Thailand to compete with foreign operators.

In this research project, we proposed to enhance efficiency of delivery planning by
clustering delivery orders before planning. By this way namely Cluster-First-Route-Second,
problem of planning a lot of delivery orders, which normally takes time to solve, will be
divided into smaller problems with less delivery orders which make route planning much
easier. We conducted a study comparing different clustering algorithms: K-Means, Spectral,
Multi-Level KL and tested with real data of the daily delivery orders and route planning
conditions from a furniture shipping company and a lubricant carrier. We found that Multi-
Level KL method is suitable to be used in Thai business sector. It allows the application to
accommodate more than 2,000 delivery orders efficiently. Moreover, we also studied the
application of urgency assignment method to determine the appropriate distribution center
where each delivery order should be loaded, in case business has several distribution
centers. Determining the appropriate distribution center where delivery order should be

loaded reduces transportation costs for business.

Finally, we developed a program to help clustering delivery orders according to the
results of conducted study. The library was developed with C++ programming language and
provided as Web services so that other applications can use for clustering delivery orders.
We explored the processes and problems of planning delivery orders from three pilot
companies, Index Living Mall Co.,Ltd. which sells furniture and delivers to customers' homes,
an anonymous lubricant manufacturer and supplier and Boonthavorn Ceramic Co.,Ltd. which
sells tiles and decorative materials that are delivered to customers' homes. In three
industries, we found a need of clustering delivery orders for balancing load between

planners or sharing equal load between transport subcontractors. As the test results show, it



Xl

was found that our clustering methods can distribute load according to the business needs.
While load distribution between multiple distribution centers is not identified as needed for

three pilot companies in this project.
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A5n158U9N5IN (Graph Partitioning)

18N15uUanII %38 Graph  Partitioning  lagninanldlunisdangu lnvendeuuifnnin

=Y

Object usagfife Vertex #3e Node Tunsw uazszugrasyninganlaniniuanas (Edge)

9 Y

Ao

Fatunisudanduifenisiansesndudiuges (Partion)  Afsuaugaluudaznd
Tn&iAeaity Tnevili Edge sewinnduiidnimiintosiian wedafindldgnussandlily
N1391 Parallel Computing 8g13LNINANY Lwisl,mm"“;ﬁm%ﬁm%ﬁqmﬂnqnGﬂ%’ﬁumi
wUsnquYnaeIn Ui _ognelsiniunisuideym Graph Partitioning tulyminuy

a a a

NP-Hard 3s3udusesondonsuntaminuugisaind saume fausznaulunronisuidem
Aaa

WUV Global (AaN151135N15UATgnILUUNANER) wazkuy Local (Ran13m13sn1suAtleynn

WUUHUSEANEANSEAU local Gelylisn1snanan)

Spectral Clustering

<

=% A aa a v e = a 7)
LﬂuwuﬂuLwﬂuﬂmiamﬂﬁuﬂml,ﬂﬂzgm Graph Partitioning WUy Global @adunieuunn

ALAUVBY Spectral Clustering Aaanudglunisussendldnu uwiliaineunilnuningans
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Wmnglunisuusnguenaimunles 2 anvazfe
1) Ratio Cut fianssadliynnguidnnunssiminsiuveaddlndifis iy

_cut(ApAy)

min Ratiocut(4;, .....,A;) = ™ (1)
l

2) Min-Max Cut fisn1suusnguinvinlvian Similarity luudazngugsgn lnge Similarity sening

nauiiantesiian dauandluaunis (2) wag (3)
minS(4,B) = Yiea 2ijes Wij (2)
max S(A4,A) = Xiea XjeaWij (3)
el
S = AIAUATIEARY (Similarity) YBINTIANFUIAG
W, = ﬁwﬂfﬂswdwf\;méq i iU eenatnanszeznng 3o seznatlunisiduns
A B = ﬂ&jmqmﬁqﬁgm,wﬂaaﬂmﬂﬁu

38n15uileyin Graph Partitioning

® Spectral Method

nMsuntanaieds Spectral SndudasefanisAiuiaAn Spectrum se Eigenvalue %84
A1AUmilaUYeIge eldlunisuuingy Tun1sA1uiual Eigenvalue  Uuninisndnda
9113 Edge lunsimlaenisly K-Nearest Neighbor Aingyinly Matrix azuuingugnatuin

\Ju Sparse Matrix wafladeuldlun1smn Eigenvalues vesun3ndanugilfe Lanczos

I v

. 8) = a aal ! .
Algorithm Fa.lumafinfignanuUasminainis Power Method A1 Cut size (J) @1u150LaAS

Y

I§ssaunseelud
1 2
J ZZZi,jWij[Qi_CIj] @)
Tnedl

q;= 1 i i aglungu Cluster A 3o = -1 mngnimeglu Cluster B uaz wy; \luddminiiuny

JEYLNN Y30 LANITIENINNYREL |, ]
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dlouansaumstsiuluguvEnglased
1 T
J=352jq9" (D —W)q (5

Min Cut, J(q) @wnsamleann Eigen Vector soluil Tne A Huen Eigenvalue
(D—-W)q = Aq (6)

® Kernighan-Lin Alqorithmg)

\Ju Heuristic Algorithm 71ldlun15¥1 Local Search dmsunisdangu lnediaunisitnung
= o § v RS o = ] A % =

AaN15YIl Edges  nelunguiliiniinunniiaauas Edges  sewinenguiltmiintesiian
W ndana3fiuilinnuluy Greedy vhlvidinUszautaymnisiineglu Local Optimum 3

TuwangAumsuideymadivualng warazldenusuiudanssNudunvienAneUEUAUNA

® Multi-Level KL Algorithm

Wudanesiunlasunisimuilnenuwinieisnisuidymiaiuy Global wag Local 140
Ay Feagiunzdunsundamauiatig Luifnlun1svinsuuesisifen1siilin g
I3 a v o & . o =2 v A & o
Wulgrisuaulvuiaanadaenisusesuia (Coarsening)  AUNTENINITEAUNANTAR
(Smallest Graph) @awQnuuingueIeds Spectral waidvesrandulugeanslussaun
P | . ' a 1 Y ad . .

axl8uaAnI1 (Un-coarsening) Tuszninan1susnenaazinisundyniaieds Kernighan-Lin
al ) Yo a X .. Y aa I '
WeUFulsslvAmneulinunInasdu (Refining) nszutuMsadansmndvwaannilaym
Suduiiy Awefun1sdudiveanduiu Edge uar Vertex vasdymas dalaeniluavanasla
Uszanaunsmilsvasdgvisudu nadwsnlan Multi-level KL aglamnauiinnningsndi

aa % Y v 11)
78 Spectral waguATamlasindiniy

@& ' ') o aa v a . a . 12)
n1sdnnguaadedmiunsalivatsadedudn (Multi-Depot) 1nel438 Urgency Assignment

[ '
ada % aaa U a

n133anaueddlaedsil amangiunTanlafsduAvalenra lngagialsandnnguan
SrereTEningaadlUdndsdumusiaz e Wi uInHan19TEnI9TEEYaINYRdslUgnd
Inaianiuadsauy Lieuans Urgency Index (U) vesgadeiiu datansluaunis (7)
o n — - .
Ui = 2j=1(Dij — Dij*) (@)
Tagi
n = PWIUASIFUA
X v ag  wva LA
j = Aaeiilnanianvesgaden |

(%
Y

Won1sA1uIMAY U v0annindaad 39in1sdnassandddiiuusiazade visligndesgnius

9 Y

< oo &
panUuNgNANl


http://en.wikipedia.org/wiki/Kernighan%E2%80%93Lin_algorithm

e Inuanianunsadnnguliegiu DC wise AdsduAliag1edniau (Core DC Node) tnafiansan
970 DC 71lnanu Node 1ue) Ingfiansaunainal U Aivnneu
PN [ 5 14 1 a 1 . < Ao ]
o lnuaianunsadnegiu DC lananeusis (58031 Border-line Node 1u Node #iflssayying
311 DC vianguslnalAgaiuazgnineglunauil lnediiasizvionanimviunal Threshold vas
A U Megldlunisuusngu wussesiwansnsliiu 5 Alawssilusiu

Tutagtumaiaiduiifondmiunisii Exclusive Clustering A K-Means e¢ndlsfiona
115 Implement 33175 K-Means Clustering #3835n15m107 LLoydq) Toaueliasiilam 2 Ussihu
Ao Insnuldlaiudeyauseian Scalar  war AuaNIsaluNISAILINAEIin tdausavinla
dmdullymififounelvelu wenanifuASns K-Means Clustering Winzdmdunsaliinsusiuay
Clusters figiaansuts usmnldnsusiuau Cluster figoensuus waiunismn Objects fifiAau
Adendeiuitosandu Cluster udaressau Clusters uddutuansediuarstuuy wieduwuy
Bottom-Up ‘Ii'u 25119911 Clustering wuuTiSendn Agglomerative Hierarchical Clustering a2l
WMLNZANUINNI

neidde © eszydnnisuiteym Vehicle Routing Planning #5e Ugyminsindsdudn
Taevhlu snuonmsudtywidu 2 arensutsaadssenidungy wd Aesdnidunisindvesgn
dduudazadawes  wde M3uni138n13 Cluster-First/Route-Second  (CFRS)  azifunisidia
Usvansamnmsuidam tnsanizedsds anuansnaaedunudde’”  @8usuin nswennis
widgwdu 2 wafe Cluster-First/Route-Second (CFRS) vilsanunsaundywn VRP wunalvala
98190UTEANTAN Nan1Td1TIAMATiANTTYIN Clustering Tuwdde”  aunsawenmaiianisy
Clustering sanidumadinndnlgsisd

a) Distance and Similarity Measures

b) Hierarchical Wuu Agglomerative %38 Divisive

) Squared Error-Based (Vector Quantization) lgikn K-Means

d) Estimation via Mixture Densities 16liA Gaussian Mixture Density Decomposition

(GMDD)

e) Graph Theory-Based

f) Combinatorial Search Techniques-Based

g) Fuzzy lAunis Fuzzy C-Means

ynfansanannalunsuszaiana wag n15ld Memory  fiflan wallafidfiando K-
Means Iuﬁumzﬁ"ﬁ%maLLf’fﬁigmﬁﬁﬁ?jﬂiumjm C f® Squared Error-Based (Vector Quantization)
8814l5fm138n13 Cluster wuu Hierarchical WJuisnsfidiladeannistvundeuledildlunis
Merge asin99i8u Cluster auiEnsiendse” tdwave Tunsdlitvundgmlngun 3503

Clustering lunay G 359aNgAfe N3l Fuzzy Falvinanmiiguiuiaainsuseuanailytes Al
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BUMNIHAZVURBUNMTITBRaTRRILIIUSHNSUTANguYass wuialu 5 Junau fall

unauil 1 sinanudilatadeildlunisdanguynvuds udanhtadefidnsas unlddu

o v A

Stop Criteria lun139@ Cluster &t a1fgn1svihaudlaiudidetvigyuazdusznaunisnising

Y

yudsdui filervgfe seasiendni soeiternndy Jeduiiddnlumsdn Cluster gadsdudn
Ao T2081H93ENINNTREe Time Windows ¥e49nds eulvyuinsnvuds Capacity vessa Liudu
p18739n15 Agglomerative Hierarchical Clustering %qﬁumﬂmiﬁmsmmm}mqLﬂu Cluster tog
wdameneny Merge Clusters gaefiu Cluster Tuajtunuasuda Tneldtaseoseg Adweichtlunis
Merge) uttoulaluns Meree Wy szasslilnaniiszesfidmun Supoudt 2 dagFnwainisnis
fsndunsluemise”

Sunaufl 2 neassdiiunmsSeuiisuuszansaim Clustering Algorithms: K-Means,

Multi-level, Spectral Tusuveinisld Memory way CPU Tagn1snaaaun1sinnguandsdnuiuuin

wananafuly Aaus 100 200 1,000 2,000 Yedewar THUayad39A1NRAMNTIUNLARIN USENENEN
WnfuinIeandfgyuimisludmiagays oagunisnisdn Cluster Nazdrluimundulausis

way JUswnsuluainudnliy

unauN 3 aanwuulausisn1san Cluster kas WAILWIAEAIYY C++ 9oNLUULUSHATY

g1 GUl dnsuiidn washannadns Wsunsuaiunisdn Cluster qadsdud wag d1un133
LuNTaIUEEUM

Junaui 4 wauirluswnsudiusarsgnieulladuiuigasdainaunluldasrady

TUswnsy VaRP Tunisas1aluswnsy VaRP Tu TASanns “AnsnmuiseuuINbrutdunIanIsuuas

dmsuraneaudnzaneduauaingaunaIuuTEUUATAUWAIAENT” dulATINISLKY A8YIINTT
Senldiuwesiannlusunsunisdiunisdnnguyads (Clustering) Tulassmseosd 1 9 waz Senld
I3 ca | ° 1% Y . | a = aa
U@ N U TLNTUAIUNITAIUIULEUNINITIRES (Routing)  Tulasanisees? 2 Fslunsain
911U Delivery Orders NRD9IM9UAUNTTINATTIUIULIN SEUVINUNULEUNINSVUESE S URaNY
AugnIzAtgduRuaziinTeulIAUUTEUUASAUNAdmansazisenldn1sinnquandaiionen
& A vy = A a a a )

pontlu Cluster Wsnantdgmilvdivuiadnasioinuss@nsnmn1sinia

YanNUY Audnwaulusunsulawmuluswnsuly Planner @u1saniuumasnisnig
w38 danedfiulunisutangu Cluster Inglidndudosudlalusunsy awnsamvumdentaniuntiae
TUswNSY

Tupaui 5 nagaualugndesvaddusunsulagitnisnaaeuiunsitin1sinngugnddLite

N3¥9180158971U04 Planner $117U 6 AUTBIUIEN Budng dviswead 911n FaUszneugsiadnds
weasiliaesiadnu war naasunInszAteedilriuadeduAvesuTENNUTENBUSIAIIATIMINY

Whua3es FeresnsAnnuignaidtlnuasivanduiainaaeduilavesusem
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UNA 4 NaaWsaINNISANLEUY

4.1  WAN1IANEINTTUUMTININMUNTIRTAvUdS Uag N133a Cluster gNANINNIAARINNTTY
A o v o o o ' 1
waviadr latadenldlunisdanguynvuds
Tulasans3deil {Adelavinnisdrsannudndulunisdn Cluster gads (Drop / Customer)
31NN1AgRaIMNTIL taelavinnisAnwinseuiunisinsavuddlugsfiavudunesiiaes gsfavuds
UseiAn Home Delivery §3N2UUEILUY Business to Business kaggsnavuaanuy Multi Drops (&

duAvanggeddluiieanisds 1 Wed) nglasuanusiudennuign 2 uvis

¥
s o

lulasam3deil asivuareulwaMITelanien1sdn Cluster dmsugsnavudanosines

< a o

WJugsnau

3

1Foity LHpaNnlasunsaluanudeyanadeuaINAIARAAIMINTTUAINGTT INHANTS
41579013490 Cluster  Tuniagravnssugsiavudanesdwesnuinmguanudndulunisda

Cluster Qﬂ?gﬁ R

® 31nN1sEATIIVTENEI IR Wil BayhmsdedualviungnAlulunngann-Usuama
nudgadsvegnAvziidnuaiznszatgluin  (Dispersive) uay Iadsudaziulien ladudueou
(No Pattern) WaguuUawmniu (Dynamic Orders) lun1siaunuvassarudsdual Multi Drops
) S | Y = | & v < - A
sanflsduludslaviareqnds wenantuutenasiinsuenlauvudeduaoandy 2 lyude lyui
I¥savudoanySumun (Subcontractor Zone) Way lwuildsavasuTem (In-house Zone)
Delivery Orders ilasuseiunsugninludaun agdosgnuuesnaiuleuiseyinanu
o wanandulunsdiwIunddlunialguiidiuniuniNnagguanlenineu Planner Liles
Auie) Mlidaudndudeswdsgadseaniduiuiges (Zone) el Planner wilsau
aunsaauay auanuldeg1aiiusednsam datuDelivery Orders aelulaugSuivan ve
a o L9 v oA O
aelulgusauivmazgnuudlilulaudesdnass
o Seulvlunisuddaunudmsudsumanniguend Planner Aoeinanfiansan fe A151u7l
TAwAgSumInaeuanudazidn vie uiaslgudesiniiouiu Reulvdsndiagyilin 15uus

lgursednnaugnddliunigsumunsavuddianududaunng

nan1sUszenaldlusunsudmiunsdangugads (Clustering)

(%
a Va v

lulasans3dell fAdglevinisdrmanmdagmivesningnamnssuiiodrlugnisiamn

Y

fado & Y a

TUSHNTUNRDUAUDIAINIUADINIT IHUDT A D8N NUNZ AN NANITAITIINUIED1UNS IR LT udDal

nmsdanguyadsUseaniailu 3 nsdiasdl (1a, 1b, 2)

1) nsalnfiadsdumurafeIuAligaadduAduIuNin (Large Single DC Problem)
a. MIIANGUAIALNINTUIINAINTLANYATLNUR N UTEUUAL TrEETENTNYAEN

b. NM33IANFUAILALTNINTANIINNITNTENLAIVDIYAAS (K-Means Algorithm)
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2) M3dnngundansiinivarsaddualagiiansnnanseeen1INARIEUA
Adelavinmsdssynalsunsudmiuuidayluwiasnsdl lngerfumelianiuandsiudssialuil

[ }'% o

nsanindeduAuiufsIuaiigadeduAIIuIulIn (Large Single DC Problem)

[ 1%

Tunsdlvesnisvudeniindsduduwiaien anudndureinisinnguyndioiaiinaniededmelul

o JuugedlidvInIniunitfssguaseninuiissaufies vliananudndudesds
nueenuiuiges (Zone) WeliminzauiunisauaulaeuiiRnsvilean

° mmu’wuaaﬂLﬂuﬁuﬁLﬂaﬁ'mfﬁ%’maiﬂﬁt,l,ﬁ;:iwmmmauaﬂ FIRDINNTUNLTIUT U

LAY IZHENNSIUNSUUAY

[

AIelaimnlusinsuYIsdanguandeiig Algorithm aeduuufe

1) N53ANAUALALHITUININNITNTEIILNTEIULAL TEEEIITENTRdRE Ny Taald

Multi-level KL Algorithm " Gaifu38nnslunisvih Graph Partitioning Tasendanisdnngugn
dafifisruautiesnindaymsudu (Smaller Graph) LLé’ﬁﬁamdmLmdwﬁﬁaz%uLﬁaiﬁﬂﬁulﬂﬁ
domisiulagldi5ues Kernighan-Lin n1sdnnguyndssneisiazldnguiiinnssanlndides
fu uailsfssvegvineszrinagadanislunguuagseninanguing Jeinlildngugeadaiing

AUNISVINIUIZININ

N1ILIUY
Load 1

JeevnaNgeaslungudn 2

szggineanyndslunguil

Distribution Center

lun1sAwianiiednnguandeniinuasiefiuledlungu wie Cluster Reafutiy fmeTs
UszLam Hierarchical Clustering 1519ndudiasduann Similarity Index vesgads lnagndatiod
Tu Cluster wWignfiupie gadsiien Similarity Index InatAegaiu lulasan1s3ded tslammvualiien
~ o 1 . . . o 8 Y 1 =
wUsiilglunsduiaan Similarity Index AwlnanAtviinassdiufe
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HNAugnas (Node) Feazdielin1sdnnguandadinisnseateUssanainuseninangueg

Y 9

agunNa AIUIUINN

q

a)

b)

o)
YIAUNA

a)
b)

)

USUaUdEuA Wy WIrNNuseUSuInSYe9duAI
nalglunsyneau (Service Time)
AMUYININYVDIY LU UNABDILINUTINTA A

HAAUEUEY (Link) 5873199089 2 90 FeRuian

TUEN93¥NIN9AES (Distance)

5282LIA1381I19908s (Travel Time)

Blacklist/Preference  fi® ﬂqﬂdﬂﬁ@@fluﬂ@:mﬁmﬁu A139¢ Blacklist wag Preference
US¥umInvudnfieatu nuneaudn eedefieglunguidenfunisanaunsolise

Y ¥ a Y A 19 ¥ Yo = 2 ! ! a v A a
FIULANTITILAGINU UTD TlgRSumunnea i ﬁ?ﬂ'ﬂ]ﬂﬁﬂﬂﬂﬁjﬂLﬂEJ’JﬂUiJU'N‘i;@W]ﬁ’]ﬁJ'ﬁO

Y 9
| Yo 1%

T¥savedSumundmils wigsumudnfeitunduliaiuisavudddiyndsuisgaly

Y

Cluster e 3Ly IATURBUNTIAWNUTUES TUBI9N1TAIUNZ LD 8 USavUET AN UL

Yuawilaen

U 1 1 a LY 1 1 a . 2) % 1
2) miﬁmﬂqmﬂma‘wﬁmm’mﬂmiﬂizmﬂmmam@aa A18738 K-Means Algorithm ~ N133ANGY

4.2

IS HMTUIINATAVeIgads Lielilangundssesrinsseninausazandaiun

Centroid ¥aenautiaeNan

Han1snaaeeAdun1sUTeuisulseansain Clustering  Algorithms flutayaa3eann

AAYAFINNTIY

ARdglavinisiunlusunsumentw C waznegaunsidauiunsdifinwinisvudsdu

YosuEnilosdiaosurianils Fellgadsduiuniedu 207 9a nanisiuieuiieuaziiulainnisdangy

A8 Multi-level KL Algorithm Tiran1sdanquiiaunandnid K-means vialunddnuiuga Usung

AupuazTreeneTEninagadsiuads duansagulu msei 4.1uae JUN 4.1
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ANTe 3% Multi-level KL 35 K-means
Zone 1 Zone 2 Zone 1 Zone 2
UIUNA 98 109 97 110
USunauduansiu @ss) 108,279 112,863 108,025 113,117
JLUENITTNINAANUANITIU | 3962.5 3398.5 4007.3 3353.7
(Alawwns)

X T~ PP B im0

n
2
z
3

L PO

°
o
°
e
RN |
°

n. 38 Multi-level KL Algorithm 9. 75 K-means Algorithm
Ul 4.1 mafisulitsunamsdnngugnds

4.2.1 msdnngugmdensaliiindsdudnien uallituiigadenseunguvatedmin

s &z a v v oa Y oa o o = a Y Y]
ﬂimﬂﬂ@’]uL‘U‘LlﬂqﬁﬂigﬂqHauﬂqﬂqﬂﬂaﬂaU?\ﬂWQQIU"ﬂﬂﬁ')@sﬁa‘qi I@ﬂuQﬂﬂqﬂﬁaUﬂaﬁN'ﬂfJ

Useme $911Iusaaudwiedu 69 Au Nundadaninireiiiiduguassadenisuusnisglunisiiey

VDI NUNULAZE TURA TR UAAAILNNTANTUNNS

ekt lmmaaﬂ%amaﬁuaqmwuaa%wmmwwL‘Uuﬂsmﬂﬂm TuSuit 3 fSuey 2557 Tae

ﬁmamummmumau 464 318113 Qﬂﬂﬂﬂ’i%’iﬂﬁ]@l'ﬂﬂﬂuaﬂﬂu EUV] 4.2
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3UN 4.2 wansianguandeinsiladsduaiien andansza1eniusema 63878 Multi-level KL

Han159angunddagldis Multi-level KL Tonadsagulu m151e9 4.1 szuiuldinduiugadaveus

aglaulianuuanaaiuain winan1sdnnguvilidinanuluniaslyulndifusiu



M13190 4.1 #an15Inngugedslaglils Multi-level KL

Max/Set Min/Set

Total
Set Size: 199549
Edge Cuts: 101
Mesh Hops: 102
Boundary Vertices: 90

Boundary Vertex Hops: 92
Adjacent Sets: 6
Internal Vertices: 153226
Total time: 0.015 sec.

Usunsg
Ty auAn
0 65,227
1 69,087
2 65,235
39U 199,549

nsIEUiguUsEANSNIMYaIN15IANGULagds K-Means wag Multi-Level KL

I

69087 65227
100 31
100 32

40 18
40 19
2 2

54136 47398

1NN
quA1

42,532
42,292
39,579

124,403

o

U

£
P2

113

200

151

464

AadulanaasnSeuiiguuseaniamvesnisinnqulnglddanesiuvisans Feilyat
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AUN

uwanAaiuRe K-Means azluisnisdnnquiidatiuliyedsegindiugagudnansves Cluster 7ign

Tngazlunansudatedu Wwu USunun1svudavesunay Cluster fatunadwsnlalsoalumunzay

AoNFUJURIUAR 1B INANTZNUTLANAAUINNTBILABZNENIU U K-Means Aflgainulusinu

YosmuTlunsUszanana uaz nan1sdanguilifinisdngadsdiungy

Tuvnueiiig Multi-Level KL 2£ii9aLAuagfin1siangaINIsnsEenIseIUveennaugnas

¥ 1 1 a = ¥ ¥ dl> @ Y 1 =
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HansiSeuigun1sianguiedanesiuvisassuanslas a151991 4.2 lagluniazly

£
]

S A Y] ! a ! ! Aa a
UINEADIAAD L'Ja'fLUﬂ']iﬂiziJ')aNa LLa%amiqﬁﬁusﬂﬂﬂﬂqigﬂq‘LﬂﬂﬁLWSU?BWQWQﬂ@N@@ﬁQWNﬂ?NWm
g

e

a v A

o I oaa
sgnfiunquilivsnaasian

e 3

A1319% 4.2 Han1sUSEULTIBUNSIANaUMEaneIiu K-Means wag Multi-Level KL

UIUNA K-Means Multi-Level KL
PRTIAIUVDINITLNU | LIaUszanaNa | 9RTIEIUIRINITEU | a1Ussanana
400 1.80 < lsec 1.064 6.2
672 1.71 < lsec 1.0 26.7
1000 1.324 < 1sec 1.012 10.6
2567 36.35 < lsec 1.002 65.0

* anlumsUssuaanadeersludniusuvuidunsiivuauIugaas idesena1usugouveusay

Uaymersdaisuang iy is1letlymi9399nn1nenaInssuiuan 19

HANSIANAUYRILsarnIal 1nelT K-Means uay Multi-Level KL uanssia JUN1 4.3 U7 4.4 3UN 4.5
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;:;U‘vi 4.6

a) NSIRNIEIS K-Means b) N159AM835 Multi-Level KL

5UN 4.3 nan13dnngunsaiiignds 400 9m
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5UN 4.6 nan1sdnngunsaiiands 2,567 90

aaa vV Aa 1'% a b4 vV A 1'% . . . 1 1 Aa b4 IS =)
nsanivatenasdunn tneduarlundsduan (Distribution Center) WAAZLAINAUAILNNDUNID

v v o=

ARIBAY FIN1AYAAIMNTTULAIUADINTAIWIUIIAAILRZINAITIanduAIINASIdUA taLTialr

HUsgansnmauYUdIgegn uadersstgndinlnanainadsduniagiuandnnguandsiingay

¥
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ANATI WUINIINITATUIUMIAGIA LA gaNd1mSugndsliazntuarldisnis Urgency
3 12) an ~ v Y o | ) ) v a v ! Y ac
Assignment ~ m1u3sn1susyylunt 7 uaidedanaugadsdiniundsdunusiaziienigld K-Means
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| Al a v | va o vaa . ) ] '
Yudniindsdudianewis §33ulald38 Urgency Assignment lunisdnnguanas

Woin1sA1uIMAT U veanindawdd 39n15dnassadddvinuisazade vatlgadeasgnuus

9 Y

v
v

< '
panduNgual

® Core DC Node lag#iansanann DC #1lndriu Node 1uq Inefianswiainal U; Aunneu

[ I

® Border-line Node §1%3U Node #ilszg#11937n DC anewndlnaifgsiuazgnineglunguil
lnensngienammunal Threshold vesrn U; Nagldlunmsuwuingu wussesiuandald
a a < v
w5 Alawunsiduny

'
va v v a

fAseldvhmnanessrandlfunAniiunsdfnuluideiiuda @ads 207 90) Tnauud
Tifindsdudifintudnviasisiinauninedosssumaniaud Sadn uonuilennaddud i
UsueY (ilenaassimundl Threshold Yeanmsuienguiiszozma 5 Alaiuns wuingadsiigninly
oeffundautsuau (DC 1) fvisdu 123 90 uay agfuadsunine dosssumans (DC 2) 934 54 99
Tuwuzigadaiieglu Borderline fidwau 30 90 ssagulu 15719 4.3 uay U7 4.7 Fawadinaui

NanolaseAUNT

A1319% 4.3 HAN1SIANGUIRAT NIAUNTVA1UASIFUAT

A73n DC 1 DC 2 Border-line
UIUAA 123 54 30
USuaudursiu (Gn9) 129,626 56,719 35,337
TYYLNTENINAAINUARITIL 3,702.7 1,432.2 1,116.7
(Alaluns)
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SUN 4.7 nan133nnguands nsdidivateadsdum

318azid8AN15eaNwUUNINTUNITTANguRAds uag N1SAUAAINTINNBIN1TIANGURALS

(%

lausnSveani1sdanquynds w3a Clustering UulifaddundnidrAg e
clusterDeliveryOrders 193811 UINGUAA@BNAINTIUIUNGUNRBINIT tagaINTaATUA
\dan Algorithm  dusulduusnguyndnds 11aglY K-Means, Multi-Level KL #3e Spectral wae

anansaszyeulviiiedosfiddyldud

ClusterNumber szysuaunguadsiidesnsius 1wy wadu 3 ngu, 4 ngu
CutToHopCost twiinANdIAnysEMI1edIuIL Link figndinutaseninangy fuaina
817984 Link fignéin Afiszyfeduru Link fieewliiin

BoundaryCutOffDistance szogmaiisasliindeniuldszninanguau

naansnlaainendy “clusterDeliveryOrders” Usznousie sianan1sdnuuu (Code), doaau
nsdliindeRanaInaINn1ssu (Message) way s18nsvesmainIsasdudfignialu Cluster W
\SuUSe8Ual (ArrayOfDeliveryOrder) & Delivery — Order

LAREIIUNITIUBLLTTILIANNULAY
Cluster 484 Delivery Order 11149)



23

wananiu fuiaunldasamiinedmiuld Planner annsaidoninisutengu Cluster uas
msfnesnsuvngy faguil 4.8 sililddndudessundlusunsy wielvnnsldan Clustering
AauaNeIiuNSITaIL 1899INN1591 Cluster WUaLENATAAINED Planner anunsaidonnguingdsan
yhmsNauRudunasinds uar daifivasavuds ds UM 4.9 Faduluauménnis Cluster-First-
Route-Second

o i clustering @ s+ clustering
Default Cluster 2 &
Default Volume 7000
Default Weight 10000
Global Partitioning Multi-level H
Method
Cut to Hop Cost 15
Boundary Cut Off 10
Distance

5UN 4.8 mihaelusunsudmiummuaIsnisuuainguands

winlusediuan *

25/07/2014 10:0C éia 25/07/2014 23:00 | &  nauwm| 2 |Z|

[ wiusonisibiuaaa e =
i anLan

s 2 e a . _— - . = .
[ tudeduén  Ha Wainas  dnidn dns nanEuEY nandudn iag cluster

[F] =100073 Customer 78 335 335 335 25/07/201417:00 25/07/201418:00 6357492568 0.276W127 1 uuadsmu 2
A2 WA TIVZIVAT HTUE .

[F =x100115 Customer 115 638 638 638 25/07/201412:00 25/07/201413:00 599/273 TasamsAatdn thee alandy 2
AEU .
[F] =x100116 Customer 116 &7 67 67 25/07/201412:00  25/07/201413:00 606 LPN avmilanidn 3u 6 2

2R 1B 2undayaITH WwauaE

[[] =100118 Customer 118 4881 4881 4881 25/07/2014 13:00 25/07/2014 14:00 qmﬁ’u%‘ﬂuﬁuﬁBDn.&‘ﬁmuﬂia 2
AR LUERRTAT ELA

[F] x100120 Customer 120 3397 33467 33467 25/07/201417:00 25/07/2014 18:00 706 o.1¥a¥o4uu1da1anil 2
LUERTEWTI $uA d1aa

— —— a—  —

5UN 4.9 uanamihsenisiiuludsduauwenaiy Cluster
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JUN 4.10 wiheeuaannswusgeaadu Cluster vuukwi QGIS

derdunsanldnefiinanaudidudoddlusunsu GIs anssUssmanlduans
Wumsudsiiszuuda Cluster dal faddeldfmunsuuuunsinirdogadunmdmiulsunsudn
naugnds Wunsiudnelig Text uaz JUMUUTRIMSLARINAANSNSTANaNTads Tne3Bns7 1
fio MIuanmadTSULINLATIoNd B fUTTUUNSUHUEUII N SYUAE S U AU n ST e AL
wazdinsounauuszuasaumeaniimans Taold Open Source Map 1éuA QGIS Fauandly U
4.10 uaz 357 2 fe Thhudludeyaiddmmannlusunsuinnguqadsesninluguuuulvld Text uaz
iluuaninauu Map Tulusunsy Open Source “QGIS” WU Standalone FouiASeuaiainnis
Ipanuuusukuuvemadnsanlusunsy Cluster dmsunsain1sdn Cluster WUy Single Depot wag

Multi Depot laeilseazidunnsmnaluil

Mode Single Depot

Input file format

uAaLUSINAAD 1 order Wiag Order Us¥naumea1nuiiuessiens, Latitude, Longitude,

Volume wag Time Window lngufay Field AUAI8 489979 9810819

1 13.9069 100.631

2 13.781 100.706
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I |

91nABENeLERINT Order iaviun 2 519015 819Ul 1 SR Latitude Wu 13.9069 way
Longitude 1w 100.631 § Volume Uu 4000 (Miheudusazimun aunsaldidunafiouls uadea
M3InUAN Capacity ¥045a7158Ur1UuMNaalUsuNsuda Cluster) § Time Window #au# 8 w1Hn

U 10 WIRNT 30 Wi
Output file format Usgnausme 2 a As

1) solution.txt WAAIAINUNITINAILALITAIRUVDITIENNT LASSUAUNIY 0 LATAIUAILAIPUVDY

Al duN1 UAAZIEUNNEAUMIBIATEIIINEAY KAZAUME O 19U

LINESTRING(100.6066963 13.6942045,100.6077451
13.69207,100.6004297 13.7066958)

LINESTRING(100.6722641 14.374115,100.6744884
14.3689415,100.6829559 14.380221,100.6850208
14.3803096,100.6937608 14.3782071)

ndregelimeiu 3 @Wuna fie 11U 2, 4 uag 8 Wduneh 2 loun 3, 9 waz 5 uazidunisgaving

Aa 7 YALAET

2) shape.txt Wumdsfianunsodndlsunsy QGIS ienaduns Tudegauanadunis 2
e TglEunUINLANINITNALEUAINGA Lat = 13.6942045, Lng = 100.6066963 TUqn
Lat = 13.69207, Lng = 100.6077451 LLEWI‘UT\!G] Lat = 13.7066958, Lng = 100.6004297

01248-395-70

Multi Depot Mode

Input file format  Usgnauale 2 tula lawn

1) Irlduansdaya Order § Format wileuriu Single Depot
2) Inauansiiineed Depot urazusTVinuansiininves Depot 1ng Wz Depot Usenaumeainu

ﬁsuaﬁwms, Latitude, Longitude
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Output file format

'
a

9z8 Format ullou Single Depot waazenidunane Solution NTIUILYDS Depot
Auun 1w 3 2 Depot azlald solutionl.txt Lay shapel.txt LanLEUN1IIBBN2IN Depot a16U

1 1 uag solution2.txt az shape2.txt LAAILEUNINDDNAIN Depot aIRUN 2
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grudeyadmsulusunsudanguyeds ugnudeyafeddunlddmsulusunsuda Route ng

lvins nilan Transportation Zone 1w #1319Customer wvaldlunistuiin Cluster v093ads

% a v o A d'
‘YJ@\‘]Qﬂ?ﬂ 3']EJ?ISL@EJ@%@QE']UT@H@LL?{@Q@Q EU‘V] 4.11 agmn1s e 4.4

id: ints
arrival_time: timestamp
departure_time: imestamp
duration:

engine_status: varchar(256)
gprs_status: varchar(256)
aps_id: varchar(265)
aps_status: varchar(265)
Iatitude: floats
location_name: varchar(255)
langitude: flaats

oil_level: intd

speed: intd

status: varchar(255)

tracked: int4

travel time: int4
update_date: imestamp
version: intd

id: ints
siatua: varchar(255) s

id: ints
cods: varchar(258)

date: imestamp
descriplion: varchar(255)
domain_name: varchar(265)
refarence_id: int8

status: varchar(255)

type: varchar(255)

versian: intd

idh inl8
capacity_unit: varchar(10)
cluster_number: intd
default_configuration: beol
default_early_time_window: intd
default_lale_time_window: int4
default_service_time: int4
driver_daily_work_time: intd.
edge_type: varchar(10)
load_balance_period: i
max_co_load_distance: intd
max_drop
max_shipment: int4
max_travel_distance: intd
max_wark_time: intd
neighbor_list_size: int
ver_time_rate: numeric d
product load_rate: int4
resel_load_balance_on_month_beginning: bool
shipment_buffer_time: int4
traffic_factor: int4
use_service_time: bool

delivery_date: timestamp
remark: varchar(256)

varsian
aeuvery,oraer,m ints
delivery_plan_id: inl&

idints
adjustment _factor: floats

a
name: varchar(Z55)
service_time: int4
version: int4
valume: fioats
weight: flaats
width: floats

A id: s
quantity: int
status; varchar(2)
version: intd

delivery_arder_id: int8|
product id: ints

id: int8
approve. date: tmestamp

Iate time._window: ints
SreC_NGE Varar(2Ss)
service_time!
setup_time
“intiin: varchar(258)
version: intd
velume: floats
weight: floats

id: ints
assign_sequence: intd
code: varchar(268)

dlaplay_color: varchan(265) oo

end_distance; intd.
end_drop_number: intd.
start_distance: int4
start_drop_number: intd
version: intd

id: int8
version: intd

delivery_drap_id: ints
delivery_order_id: ints

status: varchar(256)
version: int4
cuﬂﬁgur-llnn .u ints
delivery.

ittt g

quantity: int
remaining: intd
version: intd

delivery_plan_id: int#
vehicle_type_id: inte

|| !m inis

i int8
fing_green: bool
fag_red: bool
fing_yellow: bosl
remark: varchar(255)
status: varchar(255)
vehicle_number: intd

cade: varcnarnassx
depth; fioal
descri mlcn vslrchnrl 265)

version: intd driver_hourly_wage: int

delivery_plan_id: int8
shipment_type_id: ints)
wvehicle_ig: inte
wehicla_type_id: ints

height: floats
version: intd
valume_capacily: floals
weight_capacity: floats
widih: floal

fuel type_id: ints

id: ints -

actual_departure_time: limestamp
actual_return_to_de_time: timestamp
check co_load distance: bool
check_distance: boal
check_max_drops: bool

S id: ints
brand: varchar(265)

check_walting_time: bool
check_weight_capacity: bool
check_wark_time: boal
departure_time: timestamp
number: intd

queus_time: timestamp
return_distance: intd
return_to_de_time: timestamp
start_tracking time: timestamp
stalus: varchar(2
tracking_status: varchar(255)
wersion: intd
shipment_sequence_id: ints
vehicle_id: inlg

contractor_
driver: vlvchslr[Z55
gps_id: varchar(255)
license plate: varchar(255)

model: varchar(255)
versian: in
vehicle_type_id: inte

id: i

actusl_arrival_time: imestamp
actual_departure time: limestamp
actusl_distance: intd

arrival_time: imestamp
delivery_sequence: intd
delivery_tracking status: varchar(2)

customen_id: int8
place_id: ints

el bl
use_time_window:
version: intd
waiting_time: int4
distribution_center id: ints
! id: ints
i it

—l

5 i int8

fuel_consumption_rate_full load: floatd
fuel_consumption rate_un_ load: floats —o

name: varchar(255)

i 8
code: varchar(255)

geomelry: “public” “geometry”_,
name: varchar(255) —
warsion: inid

place_id: ints R

8
code: varchar(265)
description: varcharn(255)
geometry: “public” “"geometry”
name: varchar(255)

type: varchar(Z65)

version: in
distribution_center_id: int8

AN

Gode; varchar(255)
name: varchar(265)
price: numeric
version: intd

i int8
version: intd
place_id; intg
vehicle_type_id: inté

departure_time: timestamp ) id: inte
version: int4. =e—eH id: inte A distance: int4
customer_id: int8 address: vurchur(ZSE) | wavel_tme: int4
place_id: it cade: varchar(25 H B versian:
vehicle_assignment_id: int8 latitude: floatd end_place_id: ims
langitude: flaats start_place_id: int8
name: varchar(255)
wversion: inta po——————
customer_id: ints
" delivery_zone_id: int&
- o place_type_id: Inte i I8
coda: code: varchar(2s5)
description: varchan(255) is_depot: bo

name: varchar(255)
version: intd

display_color_code: varchar(20)
geofence_radius: intd
min_geofence_time: int4.
name: varchar(255)
process_time:
versian: int4

int4

UM 4.11 gudoyadmsulusunsudnnguyeds wag inudayaneaeuainnngaainssuinges
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Tugadelaiddoyagads 207 gedanlugadoyanaaeuilasuanuisngsivvudurlosdiaosums

nildldaslugudeyaiieldnaasuiulusunsudn Cluster

M13197 4.4 Data Dictionary 85U18AMNUMNNEU0InNT1stUgIuTeadmTulUTUNSUTANAuYnds

'
=

VBN

ANBS VYN

allowed vehicle type
Configuration

Customer

deliverable order_detail

delivery drop

delivery order

delivery orders to plan

delivery plan

delivery plan_fleet

delivery zone

distance _matrix

distribution_center

fuel type

gps_tracking

Tell that which vehicle types can delivery for each place.
Constrain configuration for planning

Customer information

Reference to delivery order in delivery drop

Delivery drop in vehicle assignment ordered by delivery

sequence.
Delivery order information
Specific delivery orders in delivery plan

Initial input for calculate shipment. Can create more than one

record per day
Specific number of vehicle type that available in delivery plan

Delivery zone. used to assign to user and separate places by

geo-fencing

Distance and travel time between dc to customer, customer to

customer, customer to dc. Require in real distance module
DC information
Fuel type information

GPS tracking data sent from GPS box. Used in module delivery

monitoring



ordered_product
Place

place type

Product
shipment_sequence
shipment_type
transaction_history
Vehicle

vehicle assignment

29

Ordered product in delivery order

Place information of customer and dc

Specific condition separated by customer place type.

Product information

Sequence of shipment for 1 vehicle

Defined shipment type for used in module vehicle assignment.
System transaction log

Vehicle information

Shipment information in shipment sequence
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1)

&

FnwiFeudisuiimauddgmnsianduyadatis 3 35 #o38 K-Means 35 Multi-Level KL
wae3% Spectral Fsa1nvadeUUTEANTAMIEHING 2 35 Ao K-Means uaz 35 Multi-Level KL
fhedioyaDelivery Orders vasgaRalng $1uruseus 100 89 2,000 wuiv3s Multi-Level KL 3
AnumNzaNiuAAFeINsvesgsAalneannnin esanannsanszaielnanuaznsyaiy
WA Cluster ldagnaroudnaminiu way mngiunaideulviivarnvangluningsialnesn
W15 TunNIsHUs Cluster 10U ANTIUIYVDIANTGIN N5 Blacklist/Preference 103UTEN

[

UMLNYUAS WIR135015 K-Means 22duisn1sildingl miheainudlunisussunanatos

eX2p
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D.

inllFnuasdlunegaanunssy wuidimatensisausathunldtuniagnannsulngld
93910911 Delivery Orders vosnmagnanynssulnese TuazilduanlaiAu 2,000 ads

Igmsfvuadanesfiun1sdn Cluster Tawuu Single Depot was Multi Depot Taglunns
wuInguyadsdnsunateadeduan taldisn1s  Urgency  Assignment Fun1snageu
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TudunsiaunIsn159n Cluster vas Delivery Orders nsinasduA@nsunsrudIniesa 1Ju

lausns

1) Igiaunilaidi clusterDeliveryOrders dwifudn Cluster nguqads 1Uu laus13lAnn1w C+
fnfeudmunmshluldaiesruunaumudumansvuddmiunanequinssaeauduasd
NFBULAUUTTUUATAUNANTIAANT

2) laulvinanisdn Cluster oglusunuudoyaidwinndmiunansmavulsunsy QGIS Mdy

TUsunsu Open Source Fadunstisannisianilusunsu GIS avavsanaeUseina

wan Cluster @13131UU Planner

WU ALY 0uYegIAY nsdilidiuiugedesieiudiuiuein aegsnavcldnisdnngy
yedengley wag UlUwUIuNIswRun1sdnddliin Planner Tnenisimunlausuiinyauliun
Planner w@azAu

& v a ° a | Yo a v A ° v ~ )
wenINUu Gelimsimunleuisvudaesadiumandnie Janainlvinsdiuieiu lvuue
lgufidwiugededos vielguddnuaugadann hlrussansnmnisdnuauanasiiasain Planner
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n133angudndeuazn153nLduniese (Clustering and route planning) tHuuuininisuitaym
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1 a ¥
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£ & A a v a £% < ke
Vo3aNuNUUn Polygon LaAMITBULIATDIARIAUAT LUUAU

Yayaug1u (Master Data) vianefiadayanantugudeyaveIssuuIwRudunnIsvudsd sy

vanegudnszeAuALazinseuaIusTUUamsaUmNAnTimans Faldun deyagnn deyadud
Yoyasavuds 1udu Faumndnsandeyadnussiammiefidaiivlugiudeya dufedeyasionis
g3n331 (Transaction Data) #dusien1siifeduluseninenisiinuresssuunaunudunionis
yudsdmiunansqudnszaeduduaziinseunatvussuaisaumagimans 1wy doyaiiiensa
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TUsunsy C++ based VRP Solver Engine nadnsflaannauiselulasinist As VRP Solver

Engine 1n8 Solver Engine JulUsunsufinessurdsainlusunsududidesnismuiami3snis
wAtgyy VRP %39 Jaunin1999ukun159naeduai VRP Solver Engine ag3uA1sasvaanldsunsy
3u Farnesmeusznausiesuazden Orders Tidoen13inds eaziBenvassavudafianunsnisds
Orders uay (oulylunsiu Orders vossavuds Houlunsdndsveusiazgnds Wusu VRP Solver
Engine avAunuNunIsIndduiuarAunadnsliunlusunsuiiSenld VRP Solver Engine C+

based VRP Solver Engine \JufiiloaSunasn Tuswnsu VRP Solver Engine gnitwuIAIeN1Y Ct

mwluasena NET  vngfaniwilusunsuaeuinimesnlulasgenviaiaduisusenoumeniy

Visual Basic NET a1 C# NET wudiu falusunsuiimuisaniswraiiazidulusinsunviney

Ingldlaussfeniufe .NET Framework uwaglusunsuazgnulandusialdnniwinans fisendn

=®

Microsoft Intermediate Language (MSIL) &9 1AlUSUATURIINENAIUIINATUANAN A ULADY

ansasnldau viausuiule

= . . a oA v 1 a v do | Aa v v o=
An5auLIan (Time Window) A® NQUVLGUSUENﬂ']ifJ'NLLNUﬂqﬁf\]ﬁﬂﬂﬁu@’]WﬂqﬁUWﬂ?\ﬁL’Jaqmﬂu@’]@@ﬂﬂﬂ

ds PausEnaume natneumvualaIlavanednds (Early Time) wag Liavaanivuanaitn
Mednde (Late Time) lagt9naiivusdunsauiainiIsinads 13en31 Time Window Wag N1s
UNL.Lmumi%’mmﬁnaWﬂﬂi%’mﬁaﬁuﬁwﬁaﬂaq"luﬁdaawmﬂfwma 138N77 NNSINRUNITINAIFUALUY

fnsaural (VRP with Time Window)

53UU ERP 8011911 Enterprise Resource Planning  1dussuvatsaumafivasasdnsudsvlunis
ffluamndn Iiud nsdatedadne nsudn nsue Mty waznsudmsyaea Sanisldszuu
ERP ataglumsuimsninginsvesesdnsliiAnuselomigean uenaniudniliteyavosui
Fuwudduiinasifoulosysmuinisfuodisnsuiiu waz (Hudeyatagiu (81989

http://erp.rmuti.ac.th/about_information.html)

izuum'saumma‘imam% %30 Geographic Information System : GIS Wusyuvansaumanaielu

a v A ¥

N153nn1steyaLBeiun dniinsuanstayaansaumanduiusiusiumiadenudn 1wy Jeyanegves
anAnSeusgavidenduaidage nioulvun13inds LanauuLHUN Toyaarsaunalusyuy GIS
invzgnuenifududeya Fagldauaiuisaseydudeyandesnislinananale (81989

http://www.gisthai.org/about-gis/gis.html)
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a 1

waneAudnsEAteduALaziinsounaUNTTUUATaUmMAdeansirnugsiaudasuralday uisae

1 99 FeazUsznoumeriukonndinty way grudoyausniudmsuuevudazuiia visdl Application
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37

fukazgnAtuauanslunssentd weldlvgldnuanusdnuimisaunsadnfmsesenldnuain
UMY

Backhaul ApFaLIINAU FINITUTUITIANITIOLNLAUAIVINAU %30 Backhaul Management lag
wergwlisaiglandundsdduiludigndrdatenis unduuuingiuaindwnansieas
nAUASY Feazyreandunula

!
a s a £ [ o w ]

Clarke and Wright ({Uu3suuugisaindgnAndududduwsnd

miuuAdgyrn1sdaLduniese

Ia

YuEIAUA %158 VRP (Vehicle Route Planning) tneiduisuidamvnilidmeuniinaninweldlua
190 wagnugd1nsun1sInnaud nsusavudidnuIuliL e uluLAazATIYRINITIUNY 1L
dod1finfearursaldladunisuidynifliqudnszgatedudiiiioduiafion (81989

http://neo.lcc.uma.es/vrp/solution-methods/heuristics/savings-algorithms/)

Cluster-First Route-Second Method \Juisnsuidgymnisdadunissavudsdua (VRP) Feag

SuduaINMITanguandsduaineu (Cluster First) a1ntutgndndeiioglunguifeaiuuAIuIum
Wdun19d1nsusaunasiNe (Route  Second) (81989 http://neo.lcc.uma.es/vrp/solution-

methods/heuristics/cluster-first-route-second-method/)
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RM 88111271 Customer Relationship Management yinefia n1su3vnsgnAnduius dsenaaziiy
nagmsvideroniuas astuniiieldlunisliuinisgnén sufsnisiudoyanginssunislidne
uazANLdBINsYRIgnAnilethfeyauinszsinaslifaunEnsas visudnnssuludaleuislu
AunN133ans leediidmanegdie n1ssnwignalvdseiivlawazlduinisainusuneaenly (81984
http://th.wikipedia.org/wiki/%E0%B8%A3%E0%B8%B0%E0%B8%IA%E0%BE%IA%EN%BE%IA
%E0%B8%A3%E0%B8%BA%E0%B8%AB%E0%B8%B2%E0%B8%A3%E0%B8%84%E0%BE%AT
%E0%B8%B2%E0%B8%A1%E0%B8%AA%E0%B8%B1%E0%B8%A1%E0%B8%IE%EN%BE%B1
%E0%B8%99%E0%B8%98%E0%BI%8C%EV%B8%A5%E0%B8%BI%E0%B8%81%E0%B8%84
%E0%B9%89%E0%B8%B2)

Cross Docking tJundsduslddnsusvauawazdidusluaniuiifediu anungdaddneuzidu

AugTIUTIMLazNIEedudlagazyimiiiluanundmsuilasunedud dnvuainsaussynau
nilaludasndnAunils FuA1azunanunandn (Supplier) ¥a18518 WAIULIARLEN TIVTIN UTINN
WedndelisudrUanusegnAtudazsielauaslditanlaiiu 24 43lug (81989

http://www.scribd.com/doc/168320720/Cross-Docking#scribd)
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DC-to-DC (Distribution Center to Distribution Center)  tJuanIun1saINISIALNUNITIAES
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AuArgUsuunils Faluuisgsiadnludelinsanaunuiitanisnssatevsondoudiedudain

a Y a 1

AdsAuAmtelUgIndaduAD Nwtnila

Dispatcher A8 WUTNANYMENNI18UAITTRETRATRVUALNDIRFaFUAIAIL Order 10U

AUNNELAINUAIIT planner

Distance Matrix (Julvidndiuansszayniaseninegads 2 gauiieldlunsnaunudumanisdngs
Aue (Shipment)  TunN19ATUINTZEENI9TINTOIARZLAUNS (Shipment) axldA1TE8ENI9TE1INg
9Ad931n Distance Matrix 11MAMIMKNATIN Uag TUTUNTUITZUUIUNULEUNIN VU MT U
vaneauinszeduiuasiinseunavussuUasaumagiimansazduiasifissalilagssezma

TveLgITnassliinnnisssemeilawnsgeaasdeiietsaniimualaegdauay (Planner)

a v
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Full Truck Load nsdsausnuulvianduailiifusu Ingdsanadedumassludanaudagselag

AUr1lUinIsHIUAGIAUAT 50 LUAYURIEEIUNINUETENINING (919949

http://www.logisticafe.com/2011/11/full-truck-load-ft/)

Genetic_Algorithms 1135015 Meta heuristic MlasuAudeudusg1au1nisuds laedsns

AounuunalnnsAnassiunusssumiuaznsnateugiiedfauinsanmeeunisluiludneu

(91989 http://neo.lcc.uma.es/vrp/solution-methods/metaheuristics/genetic-algorithm/)
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GPS Tracking fe nsAnn s unusiagUagiuaedyny
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Jagtuvessnvuds Bedaslin1sindagunsal GPS Tracking
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1¢¥uanngunsal GPS Tracking ileanuanaauumthaelsiansaianule way danunsalvgfly
nyvadeutoyadoundsla

(91989
http://www.datavis.co.th/web/index.php?option=com_content&view=category&layout=blog&
id=40&Itemid=92)

GUI 68311910 Graphical User Interface vanefisdusiouszarunsniinduglda idugduuuiivinli

Aldanunsaldnulusunsulaietu wu nmsnadendAdininuy vse nsldwndifensenundenis

N

Wuduy

[

Java Ao mwdwsuiauilusunsursuiianesieglunseganiwilusunsuledng (Object-
. . = Id av v a 1 ] o [
Oriented Programming Language) @udun1wiilasunnuileueg 1 aunnuingaudnnsunmun
TUsHNsUUsEANIULaNNALATY TUTHASUYNIUULLIAToIRauRaasaalds llt 1 uszuULAS0Ue

(Standalone and Desktop Application) sauianiswanduliuwesia (Web Service)

LTL (Less-Than-Truckload) Consignment wnegis n1sudsduauuulifiudusn gusznounis

| Ao v % Y} ° % v Y v oA o oA
yudsnfudnvudualudnuue LTL ssvinsswduaainvangs wrswiulvlusaduietuiie
Usendnsunuuuds Wlanlsunndu

(91984 https://www.pantavanij.com/portal/e_news/200803/procurement.asp)

Meta Heuristics tJu35n137unneineann heuristics saziduiznisuideymiignesnuuudmiu

Widwmianzites vhlruiednsnsudtamane heuristics 9199¢ldAneURTiaaLuy Local
Optimum  uslilFdmeuiiffianiuy Global Optimum ifesan heuristics agldnisiuamm
fmaulu space 91 wag linsglaneenain space Ad1Anluss space Buiwililddmeuniaan
WU Local  taymnsand1aisendt nsndulu Local Space (Local Trap) wmuefiisnis Meta
Heuristics \umadiafiufidymnisindudnlu Local Space vlsfaunsanselanluds Space duiie
mnauTintuls Meta-Heuristics \Ju3anmsildlamudameine Lildgneenwuudmiulgmianiy
304 F198719904 Meta-Heuristics léufl Simulated-Annealing Technique, Tabu Search, Ant

Colony
(1984
http://www.researchgate.net/post/What_are the differences_between heuristics_and_meta

heuristics)

Milk Run wangds imadaiiunldieatiuayussuunisuds wuu Just In Time (JIT) WWeyigan
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310 Supplier usiagsEAEUNNTALT wagiihnstanuneyiiattunisiuian Wesaussvmniu

994910 Supplier AsUNNTEludUMNInlind Aazdumandudiunlulssnu Nslliieansdununis

] [V

YUAIAMS UGN unuNzdoslisunuain Supplier wiazidursrunuavudlilusiaianiids

Y

Y a

WuHGn Jninazanaunuaign1siesaeentusuianain Supplier munatdnmneosdsldsames

Y

WeknuNazidusavaneien YanantudianiiaInsIasuaLAT anuSu1UN159IATNTNLS9U

Multi-drop g N15AMUAREEIINITINMNLNTIREEUAT 91 niafgrlddlaunndt 1 qads v3e
naneaas (Multi-drop) Faleulun1sdndeianavinlidayminisnaununisdndalinnnududounin

[

U

NET Web Service Aaiiuiesiangnimuisiisniwineuiiamesnszna .NET Fegnitmuntulag

a v ¢ @ ca = a 2 A s ¢ P o
U3vm lulasgenyl Liuwedia vie USn1suwiu Aeszuuvendulinesniuuun ieatuayuns
wanagudeyaiu seniraasesmaniinesiiuszuuiasavng WWsinsuussgndnileulagn1wisne
wagyhanuuuwasrlasusgfuansaldivwesiaiisuandsudeyaniumnuaseienouiiames
! a § @ = o a a a
Wi dumesids Fuhlrlusunsunldeulagn1v1ann waglusunsuileulagniwilnmeu a1uisn
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