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Abstract

Freight transportation is an indispensable process of business and industry due to its
high cost and direct impact on the customer services. An approach to increasing the
transportation efficiency is to utilize the information technology, which will in effect reduce
costs. Nevertheless, in Thailand the technology has not been adopted by local industry due
to the implementation difficulties and inability to integrate with existing ERP software. World
class software also failed to handle local constraints. Therefore, the authors see the needs
to develop a vehicle routing software, which can be easily customized to deal with different

transportation problems of Thai industries effectively.

This project surveyed literature on VRP software in the market and found that a
majority of software is web-based and employs heuristics algorithm to ensure timely results.
Nearest Neighbor Search, local search strategy and meta-heuristics are chosen to solve the
VRP and VRPTW problems. By using this technique, computation time is significantly shorter
than the exact algorithm. As a result, the proposed technique can be applied to solve real-
world problem, where response time is a top priority. The software architecture is designed
to be web application using java framework development, interfacing with C++ vehicle
routing problem solver. PostereSQL with PostGIS extension is chosen as database engine in

order to enable Geo-data storage and interfacing with Google Map API.

Our software was applied to a number of VRP problems of Thai industries to
compare efficiency of the solution with those of manual method. The number of trips,
vehicle utilization and running distance are used as KPIs for the comparison. It was found
that the software could significantly reduce time required for route planning. For example, in
the case of 400-node problem, planning time could be cut to 30 minutes using 2 planners
instead of 8 planners working a whole day. Moreover, the software could also increase
vehicle utilization and the number of drops per trip, resulting in lower transportation cost. In

a case study, cost is cut by 9.6 percent compared to the manual planning.
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® szuzmauUUYAdn (Euclidean) Aoszpymsuniisewinignassgalutuiidunss §9919a13n3a
Snlsoliussin Smainnguiundinilnga mgiiendn wwugeda iesanndunisin
szgesluUigivuugadn Aolifinnuldsasliannsnriilvlawe
N p = (pl, p2, .., pn) war q = (ql, 92, .., gn) lusTUURAAASTLTOU SLaENg

1 % 1 d’l
YN p wag g wmlaanaunsaelull

— — q.)2
d(p,q) = E V(P —ai)
n1smszeeneesruvgadndnazldlunisidisuiisuuseansnimuesdanaifiy unagly

wngiumsldauasatiasnnlilannsandedninamulassienisiiuniesanlilanseuaqy

NsWausinNIALALNTY

o szpzvsuulasstne Wussozmeimldainnisiassilaseisuusnuiinanea d9asvilile
SYOYMTLAUMNIULAULTS Feazassiouan nlasitng Wy nsaeimaen nMsnduse mae
IUﬂﬂiimeﬁﬁi"}Lﬁué’mm?’Tﬂizwemaumﬂgﬁmam%imﬁﬁa%amiﬁ’aﬁ’uﬁﬂmaﬁ]i’mﬁw
MsMIzegmIaRrFomaUitnvesaEufulazUatenislussuy Latitude Longitude uagld

UINMIUNUNRINDaveIRIAuUINSIEY Google Map 130 Nostra Map tUusiu

STUUATAUMADNA1ENS

s

szuvansaumaniimansfonisnuInmaluladaumatuunuiigiimansidifedu wadws
AoszuufiannsaifiutoyauazUszinanaldogmannuans waganunsninaussaluguuuuusud 39
winnguinsldulalunainvateanen wu n1seuds n1sdadies v1av Tudagduladinisimun
Tusunsuansaumaniimansogisunsuans liiraudulusunsudisagy wu Mapinfo ArcGlS dady
TusunsuuuuLdanndvs vielusunsuiuy Open Source LU QGIS™ Feanusaussgndldauléng

TofvesnsUssendldnussuuansaunagiisansiunisuidammsdaduniefennuielunisly



u ldhezidumsiidiratagnsianang SINNIANEINTaluNSTeuAB A UTEUUDLY WU SEUU

ANMINY NIV UL LALFIUTOLAYDIDIANT

M1357°97 2.1 agunisi3euiiau Desktop GIS wuu Open Source @saziiulaan QGIS \uszuuiidl
ANuansalunsidanuasudiulndiAssiu GRASS  wailigatsiuiildeudtendn Jegnidentdly

o

1ASINNSITYU

A19199 2.1 wan1siTeuisy Desktop GIS kUU Open Source

Task GRASS QGIS ILWIS uDig SAGA Open JUMP Map Window gvSIG
Viewing/exploration [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
Creation/ digitizing [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
Editing/updating [ ] [ ] [ ] [ ] [ ] [ ) ® [ ]
Conflation/integration [ ] [ ] o
Presentation
Maps L ] [ ] [ ] [} [ ] [ ] [ ] [ ]
Charts” ® ° ® [ o
Plots® ViaR ® [ [ ] o}
Tables L ] [ ] [ ] [ [ ] [} [ ] [ ]
Overlay analysis
Raster [ ] ViaGRASS @ Via |[Grass @ Via Sextante @ Via Sextante
Vector [ ] [ ] ® [ ] [ ] [ ) (o] [ ]
(Spatial) statistics ViaR [ ] Via JGrass @ Pirol- JUMP  Raster only Via Sextante
Customization (script or APIY)  API, Python, Perl API, Python ILWIS scripts API, Groovy APl Python API, Jython  API (.Net) Jython
GPS data import [ ] (e] [ ] o] [ (o] [ ] gvSIG Mobile Pilot

fisn: Stefan Steiniger and Geoffrey J. Hay (2009)

fanAws VRP lusinauszwne

OrR/MS  Faudussdnsluanizeinliinnisrununasiuisuiisuauautd uas
UsgAnsnmueswondinsilduitamnsdadunissn araelud wa. 2557 feasulu mseil 2.2
wag  m91eit 2.3 eziuldinludlaguifdimineseduad VRP  $1udundn 10 51 Tee
seuvUfiRnsiatuayudinlvgifio Windows  uag Web-based  \ilelvindassinsionislday
uonnigenfuniifounaueldisnsuitymuuudsaind ieliaunsautdamaunlunglé
otesania enevauewonudesnislinuaidlunirgramnasy fadulunswanlsunsuns

(%
[y

IAAUNUIATINTIEU FUaDNaNLUUTNDUAUDIADAIIUADINITRINUATIIAU



M19197 2.2 nansiUSeuiisunnanRgondwisltuAlymnisdnduniesn

Yfiean Platforms Supported
NanAI WWAUINTS ,
* gnain | Windows i0S Android | Web-based
ArcGlIS for
Transportation Esri 2012 4 v v v
Analytics
Descartes Routing,
Mobile & Descartes 1995 v v v
Telematics
DISC MJC2 1990 v v v v
eRoute Logistics WM Logistics 2002 v v v
DNA
JOpt.SDK Evolutions 2006 v v
GmbH
Logistics Optimizer Runzhe|.mer 2005
International
logvrp Netakil 2010 v v v 4
Optrak
Optrak Distribution 1992 v 4
Software Ltd
ORTEC ORTECA 2003 v v v v
Paragon Routing Paragon
and Scheduling Software 1997 v v
Optimizer Systems, Inc
Roadnet Roadnet
Transportation ) 1983 v v v v
SLite Technologies
Routist.com KKT srl 2013 v
StreetSync Basic RouteSolutions | 2008 v 4
Streetoyne RouteSolutions | 2005 v
Desktop
StreetSync Pro RouteSolutions | 2011 v
TMW Appian TMW Systems 1996 v
DirectRoute
TruckStops MapMechanics | 1983 v




A19799 2.3 wan1siTeuisulssansaingensnasniguAtyninisiaiduniese

Uszansaw
GLAG mmﬁ'l%”lumiu,f’ﬁ]@,m 20 v e dnw
g ganasnunly

ArcGlIS for
Transportation oena1 5 U9l -
Analytics
Descartes Routing,
Mobile & BIYRl] Holistic & Heuristic
Telematics
DISC W MJC2
eRoute Losgistics Upeni 4 Uil Heuristics

Heuristic ey Meta-

JOpt.SDK 10 W19 o
heuristic
Logistics Optimizer 5 U Genetic
“ Heuristic ey Meta-
logvrp 30 UM o
heuristic
Optrak vehicle - o
5-20 UM Heuristic
routing software
ORTEC Routing and
Dispatch
Paragon Routing
and Scheduling 2 U Heuristic
Optimizer
Roadnet y . A a
1N 30 UM Heuristic

Transportation Suite

Routist.com 3-5 Wl Meta-heuristic
StreetSync Basic 2 U -
StreetSync Desktop 2 Ul -
StreetSync Pro 2 ¥l -

TMW Appian

DirectRoute

o8N 3 UM

TruckStops

1-5 W

Heuristic




ANEN15a lUNNSIgeu

Node

Routi

ng

Arc

Routi

ng

INFUNY
WUU%ane
souly
wileTu

N
}73
LEUNIY
S7899U

N
;73
UMY
578
dUaai

Tddaya
25133
Real

time

RAIGHE
1281
unnely
=
20

ArcGlIS for
Transportation
Analytics

v

v

v

v

Descartes Routing,
Mobile &

Telematics

<

<

<

DISC

eRoute Logistics

\

JOpt.SDK

<

Logistics

Optimizer

logvrp

Optrak vehicle

routing software

DN NI N NN

SIANERNEIRNANAN

NSEANERNEIENENEN

ORTEC Routing
and Dispatch

<

<\

(\

Paragon Routing
and Scheduling
Optimizer

Roadnet
Transportation
Suite

<

<

<

<

<

\

<

Routist.com

StreetSync Basic

StreetSync
Desktop

StreetSync Pro

SN NS

TMW Appian

DirectRoute

ANEENERNEA YR

TruckStops

v

v

AN R N I N N NN

AN R N I N N I N AN

AN R N I N N I N AN

AN N I N N I N AN

AN N I N N I N AN

#i111: OR/MS Today, February, 2014
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UNA 3 UINIHALITNITNRIUN

3.1 BUIAAIUNITARIUN

£
av aAa a

TulassnuideifiunAaigianufimesungeivesnisinduninisuudanii
TiAmadugvslumeufialunaentuvessemealng uwiitlutiagsuniaensuvedlngayldamu
Tussuuansaunaluanneauaisuds idnvziluszuumanauaunsneinsluesdns ve ERP uaz
sTUURAMINEIUNIMLY (Vehicle Tracking System) uwidayaannszuumanidslaildgninanldo
othaftudnenm faduifieflavussginguszasddanan fifedndufasdesesnuuulusunsuds
aunsanavausansidauiunsiadunicldedafiusz@nsnm luvasiferiuivzdedinay
favgulunsidensorussuunuduvesesdnsldse

A1319% 3.1 a3 feature YOILUTUATUNNAIL

ANEINIsa luNS gy
I . 144 14
. n Jvaua
Platform | =2 | Node Wume | da . , Y| deya
# support Arc . Wume | dengu | 93199
Routin Ty LEUN9 , 1981
Routing o 18 NE4 Real -
g wangsou | e | o, LAUNY
2o duni time A
Tuniledu Tuafin
N
platform Heuristics
\939n | and Meta- v X v v X v X v
1Ju web- heuristics
based

wuIneN LAty InIsInLEUN19uLds (Vehicle Routing Problem) Tudauilagladingg

2ONLUUITNITUATYMINITIALEUN IV UE LR8N IT N1 TUIAIRa UL UL Ba5aRNE
Heuristics wldunumsuitgyuuumaneungndesiian (Exact Solution) dwiulasanisil

Tanarsandenlgnisuitymnsdnidunisnisuudsieisnis 3 Aommelud

[ IS

Wag LUU Meta

v o

NeRtd

Y

1) 19 Nearest Neighbor Search Falw3Buuudisadind emdmeususundaauninneldly

a19in witedndnfeaiunsaldlaiunisuidaymndaudnsyaeduaiiesuriane) 3Nty

F9INFUTUUTIAUNINTBIAINBUMETEEITaRAN wazds Meta-heuristics

2) 143815 Cluster-First Route-Second Method #Huduisnienden1sdnnguyndsnou waads

widgmmsdadunslugidudaly Wddasansunvestymliidnas sinlaunsamdineu
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= o

eagnesinsa daansdinegndly s 3.1 Feausainluuszandldiulagmniigadsdiuau

L3 a 14

o ° [ Aa | a Y]
N u@ﬂﬁ]’]ﬂu‘ﬂﬂa']ll']iﬂuqiﬂs‘[ﬂjuﬂﬁjQJJV]']VliJﬂu&Jﬂ?BQ']EJau@']Vm']EJLLV\TI&IT@EJLill"ﬂ']ﬂﬂ']s‘ﬂfﬂ

Y

Cluster ¥099AAULENAUATIAUAINDUKAITIRDUTALAUN TN

o
o © 5

o ©
Q@ o
'o.-

5UT 3.1 freg1ensdnidun1ee3s Cluster-First Route-Second

3) 1978115 Route-First-Cluster-Second  &39zvin1sdnLdunananiandmiu Grand Tour 14
ATBUARUYNGAAT kAN UBEUNIutediavesvwInsawazsyazIavina Jus
Aakandly 3UN 3.2 38n1slasmunganiunstiveinsuudnliiunsauia NI sINEs we

A99N1TINNATLHENIIALIIUIUSONLY

=)

JUT 3.2 f19819M159nLEUN19I8T5 Route-First-Cluster-Second

3.2 dupeumssniuideuasiaunvasiassnai

3.2.1 N1599NUUUYBNALISABUUINIG Object-Oriented
lutumeudiifoashmsieneideyaiidniudmivnsuitagmmsdadunese Tagld

gudoyadwiunmsuimsianisesdnadunsevlunmsesnuuy i lWaraindenisuszgndlda

Sufulusunsussgnidudluasdng savianauddouvasgiudeya uumneildlumsosnuuy

A9 Object-Oriented TUsunsuiinsesnuuunielagantnunssuluyu Object-Oriented

Development tilolfaenndasiuronduaiougiildaulussdnsadelng feildunouiazdos

AsRUARNTIsARdlASTINITIdEgaeLelin1sinureisaedlUsunsugauaanAnaaiu
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3.2.2 MmawaunTusunsuiauitymnisindun

Tudunouilfitoasyhmatanlvsunsdoutagmnmsdadumalaglinie Cr+ wguad
Fenldnw Co+ flosmniununiifisnuanansalunissesfunisdunildesnafivszansam uay
fainmsfaundaneifiuaniniderinlanunegsenu Ssanusazenld Library Aldwnisfigay
UsgAnsammsveuldesrmainvats Tunisiaunlusunsudadunaiiedumamidunianig
yudwewiaraudnszanedui wlvisuuuEFannd Wielfanunsasesdulymauunalnglén wazld
mnauluaddn uaﬂmﬂfuﬁaaﬁmuwmwumiaumﬁgﬁmamiﬁammdﬂasiamﬂ%’muuaz
mMsuaning Tneagldlusunsy GIS wuu Open Source iteUszunsaaildanelunisiiluldauaes
99AN3

Tsunsulumsdmdumeazanunsansdaymldiaeuamedneduiouy Cluster-First-
Route-Second uag Route-First-Cluster-Second Tnglulassnistosiasiamlusunsuansludqy
mMsuAdmnsdndunie Ssszneulusie 2 33fe

1) mMsimulusunsunsdadunislagldnisuitgmninuy Traveling Salesman Problem (TSP)
wEnasa dielflunsdndumsdmsunsdildfinisiuuaiailunisdnds (Time Window) 3
egnltlunisasne Grand Tour dwsunsainsuitayyiiuy Route-First-Cluster-Second %39
N1sasIBduUNIINIsYUdImaIInTangundeaidviunsdl Cluster-First-Route-Second
fAseldvin T sunsuludutifhenim C vuiugiuves Lin-Kerighan Heuristics™ &3
aunsawndaymivesndadiuiuasda 85,900 ynldegreailuszdnsnm
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QGIS 2.0.1-Dufour

ReBPOA AR & & B e

abel | b c abg abg abg
8 "9 = 5]

KA COMsty
District (a5

Lat Lum

e 3is) Kaeo District

District

i) Lam Luk

Ka District

Don Tum
District

hen,

[&

2223)
Phutthamonthon
Nakhon Chai District
Si District
i)
JJJ

....

Ban Phaeo
District

‘@ Phra Samut
3 Tha Kharh Chedi District

| Coordinate: 11208576,1530762 Scale (1374264 [+ |§| ( Render EPSG:385

A2l > 4

U 3.3 Wanawan1sdadumaLuy Grand Tour #nes TSP
FAfeldvinsimunlusunsudmdunisiadumsuunsdiifinseunatlunisindsiuuey
(VRP with Time Window) #ae1fendnnislunisnismeneulausiu (nitial Solution) ¢e3s
§73and Ao 19 Nearest Neighbor Search Algorithm @siitunaussil Ae a%wal,ﬁumammmﬁ
oellnannadsaudnign vdanniumya Neighbor vasanlnagn oifiugadadnaludunig
Tasfinnsanangaiiegseurgadsiiu faunsovudesaufuludumadoafuldfiarsunn
Foulunssmgadluseiu (Co-load) TasiEuanaaiiiszazmalndiiganauminauise Co-
load Auldimuteuls fzfinsunidengadaliFosqauninazifunuguessavienanlunns
MU mﬂﬁ'u?jaa%'wLﬁumqﬁﬂﬁuﬁﬂﬂmﬂﬁ;@ﬁasﬂnaﬁqmmﬂﬂﬁﬁuﬁ’]ﬁé’ﬂﬂgﬂ%’mﬁumqﬁﬂ
lUBos9uninvzasauAquyNInds SUT 3.4 uanwnenamadnsannsmdmeusufusiies
Nearest Neighbor Search uadwsfildanntuseutiazéaiinuamlaiiin wiaegnlfidugadesu
Y9INT¥UIUNT Local Search ludwiudnly
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UM 3.4 fog19mMaansaINn1TYin Nearest Neighbor Search

daafadutunounamdmeududiuid Jnhnsuiulsaiiomdmeuiintadudemada
Local Search @al#inadauuudaiafind lumsadudiugadsneludunis (intra-route) vidensadu
aesEnINduN (nter-route) lagldvatewmallnsauiu 1y NMadugndeqaied (One Point
Move) nsaaundaaedqn (Two Point Move) nM3aauandsanuyn (Three Point Move) Msaaun

dauunategaiafiu (Or Opt) nsaduuuy 2-opt usiu Auuansly U7 3.5

AT2UIUNISLALIIAANTS AN UVDUAUNI FI9EA8ANTELNNVDULEUNTAESIU LALA

AUNINAINBUNRTY a81elsAnulunsdlueinisdndwuuiinsourian mslvivsaduniefotasds

.

[
a =

Anduld 1Wesaindedninlusunantdavuievesgndanegindiu enauandsiuvibildaiunsasiy

<

Wudumaieniule
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O

/ O\:“)S\\“,o

&

5UN 3.5 fegransusulssnunnAmeumeds Local Search

2\

~a

#a991n91LA Route M611N15911 Local Optimization wailutuneugavingtiieluladnauil
= ANa X vaw = VWYo v L. PR Y A 9] a
fnaunmAgadu fIdedelainsundymiuuy Meta Heuristics  anldiuaigfenisldinataiuy

Simulated Annealing 8¢ Record-to-Record Algorithm %a%mﬁ’amié’hwmdﬁwiwLé’umw%

cal [

aeludumauudy lnsseslvinadnsresniinadnsnangala welvivaaainiudn (Local Trap) 34

q

o

analaAneuNangadulul AunInvesdneuIWuediunisimuaaunisidianelunisyin

Y

s

Optimization #sonailusyeynisnisvuds viiealganslunisuuds Wudu wan1siseufisunadns
ay v ) & 1 Iy Yo Aa Y I o Aaa . . a
nlanendsautuneutinuitladneuninunmaesnitdneuniaiian (Optimum Solution) e

Soway 2-5

3.3 msdrsadayanisvudevasnsalfne

va o

AI38agyNsdTIaTean suudaInsalfinwdinseunqudeyarislumuUsnainsinds

Y
'
o ¢

fifngads $1urusaild uazszernaiadslumsdiodud Wudu Weldlunmeaeuyszansam
voslusunsu wigitelddndennsdinuifinseunqudnvasnisrudiiiuandafuiionsvasy
arwansnsalunsUssgndlilusunsuitianuntuneldaniunsaiingg nedifnwvivedasimsided
Usenoulude 3 anunisaifeeludl

1) nsdndedumdsinulaegaiunsdduamlvnsaian aeldnseulaiuay

2) msdndadudiigatiunsdasaliisudu iileanduyy

3) msdndsduduuuiimautissounissuds smfiuiilunisdngds
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3.4 mnadeuUszansawuaslusunsy

deliinisdrsateyanisvudsvesnsdiinwuds fideazimsuszendldlusunsud
fianTudiodandunamsvudsoansddn ielviulatlusunsuannsoneulandnisvinuros]
Hl#a3e st ¥aildlumsAnwaded Wud narildlunisussinana Suausafldlunsdnds
SEHENSAUNNTINYDITN WAETRIINITUTIVNYBITA
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UN 4 Naawsann1saduau

4.1. HNAN1PBALUULATNAILIYINALITA2BLUUINIG Object-Oriented

nMseanwuukaziaunszuUlanadnsidulusinsuiUnasunsansly SUT 4.1 uay JUN 4.2

'
=

Feusgnoumentinaansindideya Orders NM3dsdui waz ntvouanddumuudmInlabuy

DR LUIR

= VaRP - Smart Route Planner
oones # [l wm|

ASERTEITL L4 fudu v v v

usunEEIdU

asterData | 441134217
Customer 28
10 siaavszsui 2 gsian 94 watouand e
darin B yemndian...

and1 8

200 d@s | 15w

1134225

Customer 29

12/4 i 6 avuinau-a9a a.u01aa9 a.u19na
aunslsns..

200 @as | 15 uii

#x1134302

Customer 27

318 auuw'luaissd unwueala wasul
AssLnMNUIUAs 10600

218 aws | 15umi -

uaen 10 910 28 siams
—

3U# 4.1 wihvsuanin1sdnddeya Orders MIaFUMNILIAUNUNITAS

= e dasn savuda Tudodush Tudadud
26/04/2014 - ami | Teandoa Fadnadauld

unuwARay Jufl 26/02/2014 =l
waiituds / queh . n #1N) ) I

3

DOs:29/29 | Fleet: 7/10

9 vl | 535 Km. | 39 1. 9 Wil P .

Foaaunaiaan v + t

ERHGREETTE

[ wansoniTiayldua

[ damfama m # 1shipto: 1771, Customer 18

229 0 ATUATUNS LWHIAIUNAL LURFIUNAN AW 10250
X fua dna

# 2 shipto: 1755, Customer 17

0
0
i
in
r
3

# 3 shipto: 2261, Customer 19

3874 a.WsEsa 4 LU NARMAY LIARAaIRE AgaK 10110
#ua dna

i

I

o
T

3.00-15:00 100s |44k 2

4Drop | <. 25% | 66.9 km.

L= ] was7 07 °

sUM 4.2 mhasuanadunivudminlaglusungy
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nmsdrsteyandndudedddmsunisiuaunsdndsdus wuiltunsdawnunis

1 a }'d (% % 174

Indsdudluusiazseuresnsnauny Planner vi3e Wmihifsuinvoumsdaunutazidumanis
fndsdudnazdaddtoyaneluil

1) Yeyagna (Customer)

2) Yeyaludadud (Delivery Order)

3) Yoyasaussnn (Vehicle)

o

FaaAdlinnisivuaguuuulia Excel Lol Planner dawmseudayans 3 dausenaniwaziid

Toyagsruu Junuulrlddmiudeyansanuysenaumeneauiinal

I Customer Usgnausisaeduy Code (5%agnA1) , Name (Wagndn), Ship-to ID (5%ad

'
al a 14

Indadunn), Place Type (Uszinnands iy aeulailidley 159971), Ship-to Address (iegandsdun),

Trans Zone (sWalauiiunyndsdue), Zone Desc (lwusagsumaniuraveudsdun), Lat. (Ffinn

agAYANInda), Long. (A1ANNaaIIgaNdnda), Allowed Vehicle Type (Usglnniagauinsaussyni

ansadndngedsls) w13en 4. luanasvasBenguuuulng Excel dwmsutdnditeya Customer

ERIPREANRHE

M19199 4.1 JULUUlnE Excel dmsuihdteya Customer

Code Name Ship-to | Place Ship-to Trans | Zone Lat. Lon. Allowed
ID Type | Address | Zone Desc Vehicle
Type
1000001 | Customer | 1000001 | 3 81AT 1 In- 13.7288 | 100.5805 aw
1 FLUDIGN House
%’ul%.mm
50!
1000002 | Customer | 1000002 | 3 Y. DINED 1 In- 13.7312 | 100.5819 aw
2 8 D.EYNIN House

W& Delivery Order Usznaumigmaauy DO NO (aneiad Delivery Order), Customer (5

anARA@eduA), Ship-To (sWaleddmiudnds), Volume (USumsdudAndadwmiu Delivery

(%
o o a

Order mihelugnuieiiuns), Weight (Wminsinvesdudfidadmsu Delivery Order wiaendu
Alanw), Service T. (a1dm3un1slAUINIg), Request Date (AIMUUAIAEIAUAT), Early TW
(@ruwniindslansunaitdanuneds), Late TW @ruiuwniindslandanaidananeds) a19159 4.2

wansseazdunzuwuulig Excel dwiutdnindeya Delivery Order wiausiagetoya




M19197 4.2 sUnuulng Excel dwsudnd1taya Delivery Order

19

DO Customer | Ship-To | Volume | Weight | Service | Request Early TW | Late TW
NO. Time | Date (min) (min)
(min)
10/02/2014
210284 1000001 | 1000001 654 1 10 | 14:00:00 30 60
10/02/2014
210285 1000002 | 1000002 2548 1 75 | 14:00:00 30 60
10/02/2014
210286 1000003 | 1000003 706 1 60 | 15:00:00 30 60

lud Vehicle Usznausieaeduy Type (Ussansauud), Capacity (CBM) (311978450

wiedugnuiAfiumg), Capacity (Kg) (Uminfisaaunsaussnnld), Depth (Audn vieidu

Wes), Width (Aaunie weiduluns), Height (Mg noduns), License Plate (1@

netleusa), Contractor Name (WoiTuUWNLA1YRISA), Brand (Bvesauudd), Model (Juvaesa

Yua1), GPS ID (Sanaes GPS finaiusavuds), DRIVER (s9¥anudusa)

A5 4.3 wanesuasdenguuuulig Excel dmsuiiditeya Vehicle wiausiogetoya

M13199 4.3 JULUUlNE Excel dwsuihddeya Vehicle

Type | Capacity | Capacity | Depth | Width | Height | License | Contractor | Brand | Model | GPS DRIVER
(CBM) (Kg) (m) (m) (m) Plate Name

aw 6000 8000 1 1 1| nn-123 | In-House - - -

aw 6000 8000 1 1 1| AMn-234 | In-House - - -

wenanuuiiideldeanuuugudeyaiiieldlunmsdnfiudoyasaudiudiind waz Joya

auqnIndudmiunisdaunusandunisdndadun was dmsuiivdoyanadeu lneseasdunnis

PONLUUTIUTBYALARINT JUT 4.3 uaziisvazidunAaduigveinsalugudeyaniy a3199 4.4
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ints
capacity_unit:
cluster_numbe:
dofault_configuration: bool

default_early_time_window: int4

id: inte i int8 default_late_time_window: intd
arrival_time: timestam, code: varchar(255) default_service time: intd
departure_time: timestamp date: limestamp driver_daily. work_time: intd
duration: int description: varchar(255) “ye: varchar

edge_type: varchar(10)
load_balance_period: int4
max_co_load_distance: intd
max_drop: intd
max_shipment: int4
max_travel_distance; int4
max_work_time: int4
neighbor_list_size: int4
over_time_rate: numeric

Bngine_stalus: varchar(256)
gprs_stalus: varchar(255)
aps._id: varchan(255) status: varchar(265)
aps_status: varchar(255) type: varchar(255)
iatiude: floats wversion: int4
Iocation_name: varchar(256)
longitude: floats

ail_level: intd

speed: intd !
product_load_rate: intd,

status: varchar(255) resel_load_balance_an_man i o

stats: vorch ol _load_balance_on_month_beginning: boal

shipment_buffer_time: int4
traffic_factor: int4
use_service time: baol
use_small_vehicle_first: bool
use_time_window: bool
version: intd

waiting_time: int4
distribution_center_id: ints

travel time: intd
update_date: imestamp
version: intd

id: inte
delivery_date: timestamp
remark: varchar(255)
status: varchar(258)
version: intd
configuration_id: ints
delivery_zone_id: int8
distribution_center_id: intg

id: ints
status: varchar(265)
wersion: intd
delivery_order_id: int8
delivery_plan_id: int8

ia inte
code: varchar(258)
description: varchar(255)

id: ints
quantity: intd
remaining: intd.
versian: intd
delivery_plan_id: int8
vehicle_type_id: inté

name: varchar(255)

type: varchar(255)
version:
distribution_center_id: ints

il
ont_sequence
id: inte
Nag_green: bool
Nag red: bool

flag yellow: bool
remark: varchar(255)
status: varchar(255)
wehicle_number: int4
version: int4
delivery_plan_id: int8
shipment_type_id: intg
wvehicle_id: ints
wvehicle_type_id: int#

id: intB
assign_sequence: int4
code: varchar(256)
display_color: varchar(255)
end_distance: in
end_drop_number: intd
start_distance: intd
start_drap_number: int4
version: in4

- nts
code: varchar(255)
depth: floats

description: varchar(255)
driver_hourly_wage: int4
fupl_cansumption_rate_full_load: floats__
fuel_consumption rate_un_|osd: floate —
height: flaats

volume_capacity: floats
weight_capacily: flaats
width: floate
fuel_type_id: int8

code: varchar(258)
name: varchar(255)
price: numeric.
version: intd

id: ints
adjustment_factor: floald
code:

id: I8
actual_departure_time: timestamp
actual_return_ta_de_time: timestamp

ik e
varsion: int4
lace_id: ints

heighi: Noal check_co_load_distance: bool )
image: bylea eheck_distance: bool vahicia_typa_ld: int8
name; varchar(255) eheck_max_drops: bool

sarvice_time: int4 check_time_window: bool idt int8

version: int4 eheck_valume_capacity: boal Er ks varchar(258)

volme: floats check_wailing_time: bool e wrehar(255)

weight: floats check_weight_capacity: bool Arver varchar(255)

widih: floats check_work_time: bool

gps_id: varchar(255)
license plate: varchar(255)
madel: varchar(255)
version: int4
vehicle_type_id: int8

departure_time: imestamp
number: intd

queue_ tme: imestamp
return_distance: int4
return_to_dc_time: tmestamp
start_tracking_time: timestamp
status: varchar(255)
tracking,_status: varchar(255)
wersion: int4

1 int& shipment_sequence_id: ints
Qquantity: int4 wvehicle_id: int&
siatus: varchar(2)

version: intd
delivery_order_id: inté)
product_id: int8&

drop

actual_arrival time: imestamp
actual_departure_time: timestamp

it (et version: intd

approve date: delivery, drop_id: int8 departure_time: timestam
cluster_number: intd Beilvenyorder 1d: 8 version: intd ik in distance: int4
delivery_date: timestamp - - customer_id: ints address: varchar(256) travel_time: int4
early_time_window: Int4 _id: inte code: varchar(255) version: intd
late_time_window: intd vehicle_assignment_id: ints atitude: floats end_place_id: int8
arder_na: varchar(255) longilude: floats starl_place_id: int8
service_time: intd name: varchar(255)
setup_time: int4 wversion: intd po—
status: varchar(255) Gustomer_id: int8
version:inid delivery_zone_id: inte

— place_type._id: ints

weight: flaats
customen_id; inte
place_id: inte

ik il
code: varchar(255)
is_depot: bool
display_color_code: varchar(20)
geofence_radius: in
min_geafence._time: int4
name: varchar(255)
process_time: intd
version: int4

code: (2585)
description: varchar(255)
name: varchar(255)
version: intd

sUN 4.3 lassadegudeyaiivednidunianseanedua
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A519% 4.4 5189%9M15 19 INUAFINSULUSHNTUIR Route NIUAIDSUIEANS1S

IBN1519

A5 UTAT59

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

gps_tracking

ordered_product

place

place type

product
shipment_sequence
shipment type
transaction_history
vehicle

vehicle assignment

Tell that which vehicle types can delivery for each place.
Constraint 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

Delivery plan contains information necessary for calculating
shipments each round such as orders to delivery, available vehicles,
working time and delivery constraints. One working day can have

several delivery plans.
Number of vehicles for each type available for planning

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

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

monitoring
Ordered product in delivery order

Place information of customer’s ship to address and distribution

center.

Specific condition separated by customer place type.

Product information

Sequence of shipment for 1 vehicle

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

Vehicle information

Shipment information in shipment sequence
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4.2.1 §snauuuIneeduA1fatau (Home delivery)

U3on Buding avlanead 91 1ugsiedadmhemesiwesiasvaauwnsinu lnaiiu3nis

Home Delivery dndsdudrfiatnugnan 84lun1saiun1sagATauaAquALATURBUNITIANIT
ASIEUAT (Handling and Storage of Goods) A15USMNTIANTITARDNAUAT (Management of
Inventory) N159Ua4 (Transportation)  wanandlunstlduAdsneNiinszninen1IuInIsIngs
a v v v N o = a v av A ve ¢ a o
auenludugnmavituneunisSudsudui lasimsideillasuaueyasiziainuien luns

g UaninisdadunienissudaamsluunnjaunmuvuasiasUsuang

anvazlynilunisangs
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nalunsdndeRaauann wu 30-60 uni Hudu
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A lenaanddlusunsulunsinuaunsndsdulrdiuusen dudng andauead 311

U 2 Tu Ap 17-18n.8. 56 lesnanlounisandseaniduy 3 Taufe Tauvudaiildsovudavaausene

waz 8n 2 TouldsavudawasSunmin 2 131 Felagund n1sdannunsindedualuusazlau usueny

3514 Planner 1 aulunsdn wagldandaiidu 2 Yuvheou Wisuiteuiunsdaselusunsy S
Planner 1 ausulusunsuddiaatlaniy 15 uail dmsu 3 Taw) wag 19 Planner #519@0UNaN153n
dumadndsiandelusunsy Tnawiamualdify 3 $alus (suazldiu 1 aluddunisnsaaaeuin
Euneiilusunsudnlianunsaisldase) sruusaiildlunisdndsdumilusunsudalisnludfuans

A9 H15199 4.5

Tngladudiuiugadedesn 1 Wen wihiu 3.30 uay 3.44 dwiuiuil 17 uay 18 Augiou
2556 sy Geiluszdnaiw Ae S1urugeds 1y 3 -4 eseied Fudisuindunnsld Planner
Jndio Iiduugedwiodion 3-4 9n Fedflldarnnsldlusunsude Ussndasuau Planner uay 1an
via1u Gseunsalsl Planner lvialugaunisemuaufnniunaunimnisdndsld uay faanansaiy
USinamsdndsduiefulinntuld anszesnatlunisdadsanunifivsdvadmuald 3 Surhnis
idesandesliiaen 2 ulumsnauwu 1 3ulumsdnds maldlsunsuanunsnanaamie 1.5 ush
M3 U 4.4 uananiisdodudunanisveaeulusunsuiiiunsiusedlasuitm Sudng dread
oRlig
a9 4.5 wanslilusunsutodnunuaziduminsindsdudvesuiom Sudnd avhsead
910

. 17 n.8. 2556 18 n.8. 2556
Tunnsvuds — , - —— 1 — , - —
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A1519% 4.6 Kan1siUSE g UUsEANSA MYedlUsunsy nIdlAnwgsisdminenseilesuarian
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o e 8/19/2014 8/20/2014 8/21/2014
AVUYIN ) - o
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Fuwdien a2 35 57 a1 43 aa
I1U7UgNAI (518) 58 64 71 69 57 65
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oMU UIUYNA USunaudue Gns) | dmsinisusivn (Seway)
1 31 43,695 925
2 32 33,943 71.8
3 32 35,234 74.6
4 80 33,104 70.1
5 36 36,537 773
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