r Y P oy
ssuusluauNSARaUlaNBN SIRLEUNIY
AUSOVUEIRUAY

DICISION SUPPORT SYSTEM FOR
THE TRANSPORTATION ROUTING PROBLEM

paguIuAun ialses
o 6 (4
AnfANYe 29w
€ o L4
WONY 235U Y

ﬂtgmwLﬁwsﬁuémwwmmsﬁnmmu
nanqnnﬁtgtm'mmmanwmm (nmamamﬂsmnm)
AMAIIAGIAANEAT AMSINENANERS
- aanfumaluladnssenmnanaiaammsanansel
Unnsiinen 2558



szuvatuayumsiadulaiiensdadunis
\AusauEeFuan
DECISION SUPPORT SYSTEM FOR
THE TRANSPORTATION ROUTING PROBLEM

agyaunun  Lalses
Anfnygl 29w

wanl  2335ULIANY

Jymiaviifudiuniavasnisinena
wangnsUSqyainendansiudio (adlnmansUssend)
MATIARAMERS AZINeIAIEnS
anrdumaluladnszasungndiaumnsainnssUa

Un1sAnwn 2558



DECISION SUPPORT SYSTEM FOR

THE TRANSPORTATION ROUTING PROBLEM

KARNKANOK ' LETHAISONG
KITTIPISH WONGSA

CHAMP  WATTANAWALN

A SPECIAL PROBLEM SUBMITTED IN
PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR
THE DEGREE OF BACHELOR OF SCIENCE (APPLIED MATHEMATICS)
DEPARTMENT OF MATHEMATICS, FACULTY OF SCIENCE
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
ACADEMIC YEAR 2015



vdelgwifie ssuvaduayunsdindulaiiensindumaiusavudedud
Decision Support System for the Transportation

Routing Problem

o e = ¢ & a2

FounAnw wsEnMgaunun  lalsas  sWatndnen 55050014
weAnARYe] 29w sWatnfAnen 55050017
wewrud  555UIaYT sainAne 55050041

Usayan MeenansUndio (AlnransUszens)

AR ARAFERT

Un1sfinen 2558

¢l Li s < = &
219158905 so9mEAnsaNTe 05.aglud Aunaed

279159NUSNESIN  As.50ute  AUsenads

AgIMemEns anvumeluladnwszrsmndiiigammisainnszl (a9a.) auliAlyv
Ygmiawiifudiunilsesnisfinwmnundngasusyaiinemansiudn (adnans

Uszgnd) UszahUnishing) 2558

ANENISUNISEDU AT
200 | & p
AUIEAARTINTE ATIAY AL N
UY5¥s1UNITUNIT
919158308 - A383NA ﬁ/y\//
ASSUNS I~
599MNEAN319158 ATagled AU _——
21971589US 1N Z—=
A5, 5799y AnUsenaas . ﬁ{ 66“/'
2191587USNE5IU

FeANSUBIAEINGFENS

amtumaluladnszauinddinummannsed



ssuvatuayumsdrdulaiionsindumaiusovudsdud

FounAnw weamgaunun  lalsas  svadnAnen 55050014
weieffive 29w swainAnwn 55050017
wguud  1555uaYd swalnAnw) 55050041
USeuaun Ineneansiudia (AdarmansUszend)
A1A7YN ARINFNARS
ABIE negnaans
N INEaY anTumalulaBnszeamndidinnminsatanseds (d9a.)
Ymsnen 2558
¢ L3 al & = L3
2191587U3n ¥ 599ANENS19750 AS.AghUE AUINA
o ] @ ot o ar
nsERlSnengan  assTude  Asvddas

UNAnga

Yy fawatuiazadisuuvdassdndinmaniwazssuvatuayunisdndulaiie

P
[

SrAudtusavudsudndstavasgnénfivaromy mndumstuddudiuuusmniudu

amUnd svudsiudnaineduduluSqavaremalaglifinsaiusudum widwiunsdd

o

anfusagmedinsddouuuliifiudu ssdssdinseusaddenngnamnni 1 1o &

= o

TutlgymfinuresuSnsding Seduludedinsmilsdsddvlunisuuds Tnedeunde

3
= o W =

fufindlunseusesiign SnnaiosdsseemevinvomsifusaurasAumigaluniouq i
Tnuszoznasevinsgndfuadedudiuagsendngniasioiu lunanssuuansaumna
QiiF1ans Google Maps warldmvuanisdadudunudulunmsnuaudeassduadusn

yuds wazlduundndaminisifunisveaniinauang (Travelling Salesman Problems) Lita

msmsvesmennlunisifusaveaudazdusiign vendnilgideldunlusunsuiviaiudn
(Visual Basic) anadszuuativayunsandulasauiu Excel Solver taduammidiuly

MSEUNTeSaLRazAY NI ST aueaisadnddunsyudsasustnnsdfing

Igedradiuszuu uazdnassiuniindlusaussunliedadivsedninmdmiunisuuas

fddey : Jymnisdumeaemiiaunes Wsensidviawdn ssuumsaumagiiaans



Title Decision Support System for
the Transportation Routing Problem
Students Miss. Karnkanok Lethaisong 55050014
Mr. Kittipish  Wongsa 55050017

Mr. Champ wattanawalun 55050041

Degree Bachelor of Science (Applied Mathematics)

Department Mathematics

Faculty Science

University King Mongkut’s Institute of Technology. Ladkrabang (KMITL)

Academic Year 2015

Advisor Assoc. Prof.Dr.Chartchai = Leenawong
Co-advisor Dr. Thawatchai = Khumprapussorn
Abstract

In this Special Problem, mathematical models and a decision support system
(DSS) are developed for loading customer orders onto delivering trucks according to
their shipment volumes and destinations. For the Full Truck Load (FTL) orders, the
truck will go directly to the customer location, For the Less Than Truck (LTL) load
orders, the orders will be combined to fill up the truck and this is somewhat
troublesome for the case-study company. Therefore, a shipment loading and a
routing plan for each LTL truck is needed so as to minimize the empty space left in
the truck, and at the same time, minimize the overall travel distance to every
customer’s location. For this purpose, distances between the warehouse and the
customners or between the customers are obtained from a Geographic Information
System: Google Maps. Integer Programming is used for shipment loading onto the
truck incorporating the proximity between the customer locations while the concept

of the traveling salesman problem is used to minimize the trucks’ driving routes and



thus the total logistics cost. Finally, Visual Basic as well as Excel Solver are tools to
the DSS development. The results obtained help distribute consolidated orders to

neighboring customers more systematically and efficiently.

Keywords : Travelling Salesman Problems, Visual Basic, Google Maps
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Losatia Order Quantity for Each Product Results
BS(300x1300) | BB(270x330) | BB(240x410) | BB(150x220) | BB(310x270)
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1. wasaUSnasdumvssoudavdy < 6.93 gnUIAiLImS

s0fufl 11 (3.64)" +(3.777))) +(2.892)y} +(2.686)y, < 6.93

SOFUT 21 (3.64)y2+(3.TTT)y2 +(2.892))2 +(2.686)y7 < 6.93
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=3.64+3.777+2.892+2.686
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| Avesiudsnisdnduls

il A B - i, o e s & P e
. L
i Lozation BangKapl | BangRak | Chatuchak | LadPhrac Truck / Location | Bang Kapl BangRak | Chatuchak | Lsd Phrao
% Tetal Quantity 364 7771 28908 26861 1
4“
5| -
6 | Location Bang Kapl Bang Rak. Chatuchak Lad Phrac Bang Kapl Bang Rak Chatuchak Lad Phras
o Ban Fapl * 3 1 1 Car No. Assigned ] 0 0 RNy
8 i Bang Rak 18.2 2485
= ek : = Car Volume Used (Car Max Volume
10! Lad Phrac. -
u-} 0 <= 693
12/ Truck Distance 0 <= 693
14 » 4 4 Total Volme n Total Volume
=l i sggEaaie Total [ A Toks Ordered
15; o = 12,994
1z
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F13 : =(13*]3*D7)+(I3*K3*E7)+(I3*L3*F7)+(J3*K3*E8)+(J3*L3*F8)+
(K3*L3*F9)
Fl14: :(14*J4*D7)+(I4*K4*E7)+(I4*L4*F7)+(J4*K4*E8)+(J4*IA*F8)+
(K4*L4*F9)
4 F13 Wax F14 Ao szasynslumsiiunisvessofudl 1 wae 2 mudiu

2)

as1eteininf 1

- wad H11 file Wiunasdudisadud 1 usann figns e

-SUMPRODUCT(C3:F3,13:L3)

- wad H12 fle Uiunsaudniisadud 2 ussyn digns fe
=SUMPRODUCT(C3:F3,14:L4)
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ogfilvad 17 digns fie =SUM(I3:14)
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g
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6)

7)

Sclver Parameters S
Set Objective: sesiy Pd. N =
To: ) Max ® Min ) value Of: |0

By Changing Variable Cells;
S153:5L54

I
F.00N W AW B ) B e R
Subject to the Constraints:
SHS1T:5HS12 <= SI1511:50512 e A WA MY o
SHS16 = SIS16 [FESEm - ik b
§153:5L54 = binary L > oy 3
SISTSLST = 1 | Change
| Delete
[ =4 2
l | ResetAll
v | i Load/Save “
[ Make Unconstrained Variables Non-Negative
Selecta Solving | GRG Nonlinear > K¢ FRES Gations
Method: o vk B = ) 0 2 Bl s |
Solving Method

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear, Select the LP
Simplex engine for lineat Solver Problems, and select the Evalutionary engine for Solver
problems that are non-smooth.
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8) nisiwvuadediin vildlaenisnafidy Add uax nsladediausagdeadly
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U
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uwdanady Solve IntuAzinToYTINg MM 3.12 uilinay OK

Solver Results X

Solver found a salution. All Constraints and aptimality

conditions are satisfied. Reports
Answer
© Kaap Solvar Solutian
© Restora Original Valuar
[ Rgturn to Solver Parameters Dialog [ outline Reports
ot ||| Gancel Save Scenario..
Salver found a solution. ints and dh satisfied.

When the GRG engine is used, Solver has found at least a local optimal solution. When Simplex(p |
5 used, this means Solver has found a global optimal solution.
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vi = 3 & : - - a ]
% B b } = wafiuf fsoAui 1 ez 2 Aeadumilud
i A 8 c D [ E W ifs H il z
1
2 Locatin Bang Kapl Bang Rak Chatuchak Lad Phrac Truck / Location | Bang Kasl Bang Rak Thatuchak Lsd Phrac
5 Total Quantity 368 3777 28908 26861 1 ) 1 1 0
4 2 1 o ] 1
5
6 Locaticn Bang Kagl Bang Rak [ Chatuchakios| - .Lad Fhrac i Bang Kapi BangRak | Chatuchak | Lad Phrao
S Bang Kapi 5 213 1t m Carba dedgned | 1 1 1 L
8 Bang Rak - 182 2085
9 Chatuchak: 8.
¥ Car Volume Used Car Max Volume
10 Lad Phrac
1 6.6679 <= 6.93
12 Truek Distance 63261 <= 6.93
13| 1 182
14 2 L Total Voume in Total Voume
o Total 29.2 all Trucks Ordered
15| 12994 = 12.994
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Min (49.1)x, , + (33.3)%,, +(41.2)x,, +(17.8)x, , +(28.6)x;; + (18.6)x; ,
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Solver Parameters
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Set Qbjective: 50518 Er;J
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By Changing Variable Cells:
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Subject to the Constraints:
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Select a Solving | GRG Nonlinear By Options

Salving Method
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prablems that are non-smeath:
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Order Quantity for Each Product

Location Results
BS(300x1300) | BB(270x330) | BB(240x410) | BB(150x220) | BB(310x270)
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Bang Rak 5 0 5 0 0 2.401
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4.2 User Interface Va95zuvaTUaYUn1sinaula

HOME ' ABOUT PRODUCT HELP

Decision Support System

for the Transportation Routing Problem
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wihanadhgszuvalivayunisindula (ay HOME) ssiiuautuyiianin 3 uauiy

fastindiinldluguihsnagendun Iéud 1y ABOUT  PRODUCT uaz HELP lag

f5vazBus sasaluil

® Ly ABOUT

wuzthseesBunasssuvatuayunIsinaula

HOME ABOUT PRODUCT HELP

This Decision Support System (DSS) is developed
for shipment loading and routing plans for each Less Than
Truck (LTL) load truck so as to minimize the empty space
left in the truck, and at the same time, minimize the overall

travel distance to every customer’s location.
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Choose a preduct to have its photo displayed.
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HOME ABOUT PRODUCT HELP
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Customer Order b4
. 18 April 2016
Location . Order Quartity for each Product No. of Trucks
o BS(300«1300) BB(270x230) BB(240x410)  BB(151«220)  BB(310x270) [ Edt
on ) Y i J || il A e ey
# Location B8 (300x1300) BB (270x230) BB (240x410) BB (150x220) BB (310x270) Total Volume

8
L = Y

AN 4.6 WTNAINTSHITRAUAY

-
ar

PURNANSRTOAUAT AR Iwazdun feralul

uaY 1 : E@enauaiui
WUNULAY 2 NTBNINUINAUAT
RBLAY 3 * LA INIUSOTE ssuvazmulalrenlul® windeansunlediusalvidend

Y09 “Edit”

[
=1

PNELAT 4 : WARIIIBNNTHIED
WULIAY 5 : WNSI8N5EITD
PWNYAY 6 : ATUIUAIHAANS

wineway 7 : nauludamisnauy Home




Order X

Schedule Planing

27 March 2016

Truck Routing Weight

|

Total Weight:~ D ! ‘ Routing Back ’

AN 4.7 RUNAIREALUANUILUNNSANFIEUAIUDITOLAAZAY

AL ARLUARUN IR TAd A UA TR ITaLAaZ AL Lans wazBun Asnelull

= W

weae 1 wandaniunlunisindeduiuazUsuinsauavassakaazAu
— B iR Aaw

KA 2 : USHIRTAUAIVNNUANANEY

PUNULEY 3 AUIUAIAUNISLAULSE

W\ 3
[

wuneaw 4 ;- nduluFamdisnanisaadedum

Reuting » It} X

Schedule Planing

27 March 2016

Truck  Routing Distance

Fﬂ Distance: 0 Kilometer ‘ Back |
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Customer Order X
28 March 2016

Location Order Quantiy for each Product “No.of Truck
BS(300x1300). BR(270x230) . BBR4GA10) - BB(150220)  BBEIDATD) ] Enable Truck

T I I 1 i l

~ Select Locatons

BB (300x1300) B8 (270«230) BB (240:410) BB (150:220) BB (310270) Total Volume

iy
d

T
i

:

A Wi 4.9 wising Customer Order(1)

o

NN 4.8 1idne Customer Order WipBn# “Location” S¥UULLEAITIBTD

[ > '
1w o Voo

laiufivavua 15 wa 91ntuiin1sidanuaiuininisdadedua LSua1N5180154N

D )
s

Ao wauneangd nSaunsensuiuAuANfenITaaTe fanTwii 4.10
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. 28 March 2016

[ eation Order Quantiy for each Product Na. of Truck
e BS(300x1300) BB(270:230) BBR4D410) BB(150:220) BBEA1L27D) [] Enable Truck
e w0 L o W e o] Ersraeg

[ ] & Lecation BE(E0X1300) BB (7B230) BB (4De410)  BE(1SRa20) BB (310<270) Total Volume

|

' A Solwm | Back

AWl 4.10 wihena Customer Order(2)

s 1n1s dedelrAsuIUAINAINABINIS AINING 4.11 FTUUITUERS

k4

Srunusandadldlaesmludd nioulansSunasAudvasiaziuniun Asodnss

“ustomer Ofder
28 March 2016
Lacation ‘Order Quantity for each Product No. of Tuck  ©
Tl 5, BSEMAN0)BERTON) BBRANAID  BBISRZ), BSRIGATY . [ Enabl Tk
-~Sooctlpogors g :
D -I 1 Bl ] | - 2 :

i

# Location BB (30x1300) BB (27230) BB (240x410) BB [150:220) B8 (310:270) Total Volume:
| 1 Bang Kapi 10 0 ] 0 ]
| 2 Bang Rak ] 0 0 10 10
& 3 Chatuchak 0 0 0 30 0
| 4 Lad Phrao 1] 10 10 10 ]
|
|

Wit 4.11 wiiene Customer Order(3)
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e

Sansensennsdstensudiundl 1adn? “Solve” lavinnsAuau
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Order Assignment X
Order Assignment to Trucks
18 April 2016
Truck Orders from Locations
il Bang Rak - Chatuchak
2 Bang Kapi - Lad Phrao
Total Weight: 12994 Cubic meters ! —“M_‘E. 4 Back

A 4.12 e Order

MNAING 4.12 wie1e Order LARINA 5AAUN 1 Aoufun1eludsdumiunuissn

[ =l

LaglRARans  HUSHIRSAUATIN WA 6.6679 gRUNATMAT - SAAUN 2 ARUAUNIY

IWasdushfwnunngd uaznananin Sumesdummu wiiu 6.3261 gnuirniuns

= . ate” TA'A'A'AAEERL ¥4 - . —

| Truck Routing

18 April 2016

l Truck  Route
[ J Factory - Chatuchak - Bang Rak - Factory
l 2 Factory - Bang Kapi - Lad Phrao - Factory

5 Total travel Distance: 179.8 Kilometers Back

Al 4.13 1tiene Routing

AT 4.13 wieng Routing wanswa saduil 1 fszeznianisdiuse wiiiu 93.1
Alawns Tnefiswulunmsiusa Ao 15wy weandng wauiedh Tssnu mudidu sofui 2
I szagynamsiuse Wiy 86.7 Alawns leedardulunisiiuse Ae 1seau waunensd
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18 April 2016

Location Order Guantty for each Product No. of Trucks
e = BS(3001300) BB(70x230) BB(40:410)  BB(150<220)  BBE1270) [ Eat
i e | ———
|

X
# Location BB (300x1300) BB ] BB (313<270) Total Volume
o Integer Number Only.
o] |
& LB, g\ B \ Back

NNd 4.14 wienansiasienu(l)
nsnsendudnual fadnws wiemiaufidunateuadutessinududt axiidoni
“Integer Number Only” uiaiougldny wazdldswdavinsudlyswuiuaudlidu

Srunufiuuanwintgu @y 14, 5,2, 20 iag 37 Wudu

gl M s e s o
e NsaNdeadumlufiunueNAue

*

18 Apiil 2015
| Locaion Order Cuzrsty for each Product o Toa
- BS{3001300)  BE(270x230) BB(4x410)  BB(150:220)  BBEIN2TD) O Edt
e, I IS N NP AEW
X
# Location Total Volume
Total Order Quantity is not qualified for delivery by Sealed Air.
Therefare,this quantity will not be included in our DSS,
|

AT 4.15 wENANASHAARBU(R)
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@5 9zdveal1u “Total Order Quantity is not qualified for delivery by Sealed Air.

Therefore, this quantity will not be included in our DSS.” LL%&Lﬁauﬁﬂ%'&'lu %ﬂbﬁi‘ﬁ'&ﬁuﬁaﬂ
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18 April 2016

Location Order Quantity for sach Product No. of Trucks
b = BS(300<1300)  BB(Z70x230) ~ BB(240«410) BB(150<220)  BB(310x270) [ Edt
7 speg ST ST A e et D
% |

] # Location B8 {d Total Volume

! Bges
L o This location has already ordered, Please select a new.
\ e L_ : Back

F 1, GSRaaRTTS

AN 416 ARSI RADL(3)

Waflnns Add waiufe) uuansdendyl “This location has already ordered.

Please select a new” udaiiiou Wigldsudenwniuiilnfdslign Add
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18 April 2016

Location Order Guantty for each Product No. of Trucka
e BS(300:1300) BB(270:230) BBRAI410)  BB(150:220)  BB(10270) O Ede

Bogkes v [0 U s a0 B a0 B w ] e |

# Location BB (300x1| 10270) Total Volume:

o The total volume is over the truck's capacity.

it 4.17 wiransudaiou(4)
{evsunsvessenisdidoiiumananunsalunisuIsNATeLsn SEUUILLENS
oA “The total volume is over the truck’s capacity.” windeugldem Wigldnuudly
Sruadumlvivsumsaudnldfuaiuaiuisalunisussmnresse wiedasluiiiu 6.93
ANUIANKIAS
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