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Lateral Transshipment Policy for Reducing Lost Sale for

Multiple Retail Stores
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King Mongkut’s University of Technology Thonburi 126 Pracha Uthit Rd, Bang Mot,
Thung Khru, Bangkok 10140
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Abstract

In general, a retailer will have many stores in order to increase service areas for customers. When
a retail store lacks of a product, the retailer owner might have a policy to transfer the product available
from other stores to the lacking store. This transfer is known as the lateral transshipment. Since it is more
time consuming to reorder the product from suppliers than to transfer from other stores. Without lateral
transshipments, the retailer could face with lost sales because some customers might not be able to wait
for long time. Recently, Hochmuth and Kochel studied the appropriate policy for the lateral transshipment
for retail businesses using simulation technique. In this research, we aims to extend the study of Hochmuth
and Kochel by also considering the limited storage space of stores, and to study the lateral transshipment
policy that can reduce lost sale when lead time from suppliers changes. The result of our simulation model
using Arena indicated the policy that allows all possible lateral transshipments among all stores can
significantly reduce lost sale. When lead time is shorter, the policy with all possible transshipment has the

higher reduction of lost sale. When lead time is longer, this policy has the lower reduction of lost sale.

Keywords: Lateral Transshipment, Simulation Modeling
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3. 9QUsLaAYaINITITY
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-NSUINUALEN
Tiuulea
(Exponential
Distribution)
2l8u1ems | (s, S) (s, Max Stock)
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FuduA | Hochmuth and Based on
Kochel (2012) Availability (TBA)
919899310 Liu (2016)
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(4) N15LENH1PEUAIINANVIDULUILLADNAIUAINU
Anulndnuvesarvineudundn aunsawudlaviavue
2 nsal

ASMA 1 : INUIUAUAINABINTTIENE8NNENVN NS
NgAMINATIREUVRIAVILUTI WU NEIND FvINTT
lundneduawalluanvnyinistendreduslviasfag

asrdinduAviufivinnuindeadisesyinisdstodun

'
o

AgyN13de@edunn nie delufsgafifesitnisdde
duen

e

Asi@f 2 : Swaudusfigesnislendreainanfitng
flgamnasraaouesavduiisiauliifisme g
Tenghedudiiamnananniindfiananduududni
foglurnsduudranunfidedlendiodudidoninig
Fedodudsiuit ludruwessiuaududnimdoiuia
WuanudasnisvesgnAtuagyinislendiedudnly
andaluiilndfian vindnwadudiilndredudian
mﬂawwﬁuﬁgnuumiﬂLﬁmwa&iammﬁmmiﬁumgﬂﬁw A
ﬁmn&Jﬁuﬂ"ﬂﬁqﬂﬁﬂuaﬁ”lmuwhﬁﬁiummﬁ?uﬁmm
ufuswaudusfivinslondeunanaivay udn
mstuiinsuuiidslenavedudn

4.10 A1 Demand During Lead Time per Capacity
(DLO)

v
a v A=

nuiteddnwulsvienslendefiangaly
anun1saiinansenedudiudsuutadly deaanse
eefutiadofidanudusiusiuanudesnisvesgnin
LLasmmamaq‘ﬁuﬁ ﬁaafuQﬁﬁmaﬁmummmmé’uﬁué
JEinNdeen1svegnd (D) ain1sseduAain
Fnnaneteas (LT) LLazﬁmmmmqﬁuaqﬁyumumi
Savfiududn (Capacity) Tnefedarannudusiugin «
WeslduidnIndIuueIAIINA 09N15V0IGNAT o
PranmsenssAuiies LU fianssaiiuldgean
maﬁuﬁﬁmﬁuﬁuﬁw (Demand During Lead Time per
Capacity (DLC)) ” %qawuﬁmﬁwuamﬁmﬂgmﬁwiaiﬂﬂf

DLC = _DXIT

= . 100 (1)
Capacity
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1ne
D fo ANUABINTAUAIRRYRIGNA1 (MUae: Fu/ )
LT As nanmssedummasanndwwaneeas (iie: Tu)

Capacity #eUSinanuguesiiuiilunisdnivaum
(#118: TU) W Capacity = Max Stock

' v !
A Ya v a = [ al

A1 DLC WJuA e 398AnT un11d9anni ledaunny

U
'
v v a v

wiinsuTEmiimihiguandsduduisuioiauas
numinauldanisaneumanulaegedniauingun
YoanuLesdl Sruududiluaduiismed aslond el
anndunselimnavinuesansaleninedudliiy
a13uld wilnauseRlidneudn “ldudladiesan
Tudlarmnlendedumliaanduuds axiidudue
Tuavnuieanelnu”

Ya o =

fadugiveiadenldaiveainanvosniig
ABINTTVBIPNAT B FIIA1TOAREAUAFBTINIUFUAN
flanunsauiuldgeanvosiiufifafudud edeanis
wisusnanumsaifiuasuuvadulvidanudaeuiy
LUULHLLIN ST

5. landn1s31avednunisal

TuaAsedynnsanwuleuneimunzaulunis
londnelaglalandNianwaeadlunisan 2

A597 2 anwzvedlangnisInaesanIunTal

A5n15d9%e 719 3 @v1dIoNsdTBMilauniu
WUUIT (s, Max Stock)
H do < ] & a v | a
WUNIALA 919 3 @ wiuduelabaiiu
Aun 100 Juwinnu
$%38A1 Max
Stock

(Wuy: )

FTELUNTENIN | @107 1 eglnarivanundl 2 ige

GUL/Y a1l 2 ogflanansszminsann
7l 1uaz 3

a1 3 eglndifuanand 2 fige
av1fi 2 dlevihnslenéneas
enlunéheananuniiogszning
Aflsziuadsdufunniiganou

Ldu®

Uil | ynaudidududuiusindu

agluudaziy | Max Stock Tuiuusnaewde
= a v o
Wanaulanu | 91U

Tuduusn

AUIUEIV 3 @191

N9%Na (n)

ANABINTS | 919 3 @UHFULUULANUAIUDS
wagvesgnAn | anwudesnsmiloudiu Ju
(D) FULUUNITHANUIUUUABLTDY

(¥ : Ju/ | Uniform (0-20)

)

o
o

STELIa150 | J9MUA 2 donunisal Ae

Fudady 1. LT=2%u
INTNNANY 2. LT =87y
4
1993
LT wuae:
)
ylgwien1s | 4 3 ulsugde

Tondneduan

d(0,0),d (1, 1) uaz d (2, 2)

5.1 YUABUNITINa09Vaelangn1sanassanIunisal
freulaurenislendgnelu Arena Simulation

Tukuudnaedandnisdnassd@niunisal Arena
Simulation Mnuleurenislengeld Input Ao AL
AoaN15903gnA LT UNITUINUIILUY Continuous
Uniform uaz Output Ao s1uaududdidslonialunis
919 (Lost Sales) ﬁaa&mﬁqgﬂﬁ 3 ulgurenislengle
d2, 2)




NIasmensITeandunu U9 8 adun 1 wnsiau - guieu 2563)

DLC = 228 100 = 80%
100

lang n1531a0san1un1salanunsaylvinsunaves
UsgdnSnnaesulavrslunislendradunilaogng
Foraustail 1iedn DLC vosudazanvflawinfy 20%
(LT= 2) ulgune d(2, 2) az@1u150an Lost Sale 1a
wnniuleuns d0,0) 1 97% (anann 978 Fulvde
e 29 31) wdiilern DLC vosusazaniiaviafy
80% (LT= 8) uleuie d(2, 2) avaunsnan Lost Sale
Tasnnnanuleune d0,0) LWes 10.34% (amann 4,681
Fuwmde 4,197 Tu) ﬁqﬂimghmﬁwﬁ“ 2 4z M990 3

A15199 3 HANNSINABIANIUNSA LWadliansedumi 2
Yu (LT= 2) wazdnasaduszeziian 1 Uvse 365 Ju

UM 3 wuudaedandnisdnassaniunisalvesuleuy
Astende d(2, 2)

6. HaN15INABIEAIUNTTAL

Tunsdrassaniunisalaziadoudngsiedid 3
aniidadufadefuluszerina 1 Inde 365 Tu
AndafuliiTuneauardunggitusazaividl Lost Sale
e S VT SR

nTeyaveslangn1sinaesaniunisal tu
aunsadduanumnungladn

1. 3ULUUNITUINKIIYDIAIINFADINITVBIGNAT
wuusietiles Uniform (0-20) fid1aanudasnis
ladsvesgnén(D) 7 10 Fu/u

2. Wuiisafududn n3e A1 Capacity = Max
Stock YesusazanvfiduuAAAiuligeaEn
100 By

Wiadnanseduai 2 Tu (LT= 2) vmldumazanvidian
DLC = 20%Anannaunisa (1)

DLC = 10X2

100

X 100 = 20%

Wedlnaisedudi 8 Yu (LT = 8) vilvusazanunile

DLC = 20% LAn9naunsi (1)

d1%1 | DLC | ulsunemislendne | Lost Sale wse
SruauBudnfide
Tonalunsvne
(viae: TuA)
1 20% d(o, 0) 384
2 20% d(0, 0) 237
3 20% d(o, 0) 357
374 978
1 20% d(1, 1) 28
2 20% d(1, 1) 0
3 20% d(1, 1) 15
POty 43

A15199 3 WAN1SI1aRIAnUNTA Wiadiialsedun 2
Yu (LT= 2) wazdasaduszezinan 1 Unse 365 Tu

a1 | DLC | ulsunemislendne | Lost Sale wse
Sruaududiiide
Tonalunisvne
(Wiiae: TuAl)
1 20% d(2, 2) 0
2 20% d(2, 2) 11
3 20% d(2, 2) 18
5 29
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AN599 4 HANISINARIAIUNTAIIBNIANSRAUAN 8

Yu (LT = 8) wazdrasaduszozinan 1 Juse 365 Ju

d191 | DLC | ulsurenislendne | Lost Sale

W399

Audniide

Tonnalunis

18 (MUe:
FuA)
1 80% d(o, 0) 1,557
2 80% d(0, 0) 1,424
3 80% d(o, 0) 1,700
374 4,681
1 80% da, 1) 1,408
2 80% da, 1) 1,290
3 80% da, 1) 1,529
374 4,227
1 80% d2, 2) 1,334
2 80% d2, 2) 1,356
3 80% d, 2) 1,507
374 4,197
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AIUABINITVDIGNAT (D) nannssedudiadsandm

wangioes (LT) LLa3U%mmmma;‘umﬁumumiifmLﬁ"u
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A1 DLC iagdsnaliulovisnislendredudiainyn
avlunnanvilaviouuy d2,2) xanunsagieanns
\dulon1an13u1e (Lost Sales) Ldunnidd eiisufu

Ylevrenluiinslendreduaiuse d(0,0)

Tunnensednu luaaiunisalfidan DLC geaznudn
wleurenislendreduaiannnainiluynaianlavse
LUU d(2,2) azanunsatisannisidalanianisvne (Lost
Sales) Iisadndosdlafioudiuulouisdlddngs

Tongneduavise d(0,0)

visevagUléin ilodrAndveaulsunglunislondre
duA1 (Degree of Lateral Transshipment) flenfiudu
WA Giver waz Recipient 13 opeuldurazaivn
annsoloniedudlrdstunesfuldBanndumils o
Sevaelinsdelenialunisvie (Lost Sales) antiawas
Ihnnwindulidnagssernaisenssdusaindmnans

wasasunlasiufinng

luauran 38l uKuITAnwIUaded ug Nilnasie

YleunglunstlendeFun LRy Ay

1. ANSAUUATEEYLIAITEABYRUAIINNTN
wanreaslitiauadiniiaiadsnasnulouiglunis
Toninedudastsansiuiuduimidslonavis (Lost
Sales) lousald nsivuasyezIasoRREAUAIRINGN

wareteesvilianua1iininAlaisnaendsgun 4

U7 4 szezmsenosduiaindvmangieaslidia
adneeiunasn

2. ffmumiﬁmmu'wzLﬂuﬁlqnﬁwwama
Audnilonunananandy feengt 100% i lvidgnAn
veelilgeusedudilenunanavisy

3. AmualiaiudesnisvesgnAtdaiul
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nNAueUNIA (Particle Swarm Optimization ; PSO) wag3suuv (Bat Algorithm ; BA) 7ilduideymnisdanisauinnas
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WuukAzdaastoyadufAIngas 3 ¥y WAy 1,000 S0UABANIUANTAT AUUATNITLABSAA NwUsENaUsY
sounsfumAmeuutaly 7 sedu S1iueunia (@ msuis PSO) F1uiudea1 (@ msuis BA) uvalu 3 sedu
inasimstausEavEnmilsiun aldderaranlnends wasnalumsUsznanavesisiards nanmaaomuifisns

mANggAdIenguaunAliusEAvBMmNnIIsuNnAndY 0.46% wildlatlunisuszananauinnings 49.64%

AdARy: lwedasann, Jayayidangu, Muuuduinemas 3 seau
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A Comparative study on Particle Swarm Optimization and Bat Algorithm

for Three Echelon Inventory Model
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Abstract

The objective of this research is to compare the efficiency of two metaheuristic algorithms, consist
of Particle Swarm Optimization (PSO) and Bat Algorithms (BA) which are used to solve a three-echelon
inventory problem under deterministic demand. Minimum inventory management costs are investigated in
various parameters such as iteration (7 levels), number of particles and number of bats (3 levels). Average
minimum costs and processing time are considered as efficacy of each method. The results show that the
Particle Swarm Algorithm is better than the Bat Algorithm in terms of accurate solutions by 0.46%. However,
PSO processing time is longer than the Bat algorithm by 49.64%.

Keywords: Metaheuristic, Swarm Intelligence, Three Echelon Inventory Model
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=
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=

gatavetewRnaTifiaNsaINgT e q wu Arldane
NN SveznaWEATIAN Szeznad (lead time) s
i1 nanlunsdsduiniinndefie msunsgnéian
Uszans nlunsUseauIUTE NI 19AINGA 8915V
anAT gUMLLAZNHAR uazMSIAUAUA1T TN
Fofunsnnsaudnedsadustinanudiiares
sAnsid @il Jagtumeluldgumudulng
vane q usEniividennasdeveiduiusiinsusinld

anfiansadumhganusrtuluni sk usdunis

Y

[ @ o

Innsianasadesuiuieliifinaldanesiudian

sauielilinanauunugeiiannasnlgguniunield

'
[ -

Jedransetoulusng q Fadulgymnisdanisdua
AanderaneszautuLargnInbidulagmaualng d
arursaudladgmidlanren15uiai lndiassala

Wiz aulngliisnngisann

TEn1sAngiTanndnaswmuINiaIn
Usngnsainnesssuyfvesderidnnlunsuilalam
wazmsAdudin Faduusgdlalunsaiauuuiians
iielddmivuidgvinsmavsnzauiigniiFendy

Yy iBangu (Swarm Intelligence) [2] uan873adn

gneeniuud e dymnismeatminzaufigand

Q

aada a a

At utoud wduisAfuszansainguayli
Uszdvsuadimundiannidouldiusgraunsvany
lawn 338ytanimaueuiiada (Simulated Annealing ;
SA), 3MYiEsY (Tabu Search) 35iasea-lniisa (Neural
Network), 35913iugn s (Genetic Algorithm ; GA), 359
ANINEEALUUNGHBUNA (Partcle Swarm Optimization ;

PSO), Wazisuwum (Bat Algorithm : BA)

Wwmdtainildinalalgyadangudiulng

o

gnuuldlunisauiandadainssumans uay
Tadafndifieuddaymnismidunis Jaymnisdnddu
nsudn Juminismiruiandnd wnzan wu Tud
2012 Gupta wagatg [3] lavinn1sAnenlseuliou
Uszansawismsvnavangdiansaeis GA uazis
PSO Tunsmiivuaulauredua1ninad 3 52aU Tu
YULAEINY N1ase denatuud [4] lavinn1sdne
WisueuisuAladgmn1snamun1sndnsiuneis
BA uaz35 PSO @on1lud 2018 Kumar hazamy La
MINSANYINTMANINTEAT0IlYUNUNAIETEAY
fuiifaesiterfuinguszasddes PSO [5] uananil
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o
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2. ngufiingadas
2.1 MImAmINzgaLUUNguaynia (Particle
Swarm Optimization ; PSO)

a

mi‘mwhmmzwqmmumjuaumﬂQﬂﬁmﬁﬁu‘lm
Witson Tul 1975 ¥n3dewidenguelananafianism
mmﬁ'wﬁ’w'eNquﬁddﬁtﬁmﬂssaumimﬂlumim
m‘mwawﬂLwiaséfﬂmgaﬁﬂﬁuﬂﬁaﬁ'ummmﬁwﬁq
wvasernislanagyaldlutdanisuy 934
9 ssEmInunuaazaIngluys (7] seunlud 1987
Raynolds [8] lavinn1s@nwinginssulunismions
VBEIUNNUTIUNUAAEAIAEINYING 3 UTEN1T AR N
nswenfudedlndfusnniduly ngasdauuaieli
unwsavdslluiienafeatuiuiigneg wasngnis
Uszanuauiurasunusazdai olid unagluly
dunmisiifiszezviaioitulasindeduiiioufiogdns q
Ay waglud 1995 Kennedy way Eberhart [9] lawaiun
N13AN®1989 Raynolds 1AN1991803NTZUIUNTTUY

DIMTUVDIUNADNITNTLEUITEUI NI TAUAULDY




NIasimensITeantunu U1 8 atun 1 wnsiau - Tguieu 2563)

YgUNUAaEFINTouNYINTaeasvunlune 10Ty
unviagaziientumuundmneglndenmsuniian wax
o 1 dy tﬁ' a = ! o Y a ada

iuiluises q uduiiundseims viliAnisnis

MAWINZEALUUBYNA (PSO) YU

NIMANALEFALUUNANDUNA (PSO) Aguny

Anaufiluldlifedunisvesennia (unusazi)

3

Y a1 & o v ¢ a
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(enduinguszasd) Aldlunismannaneiign Al
Anuslunisiiumanagidusiimiusseznisiiunia

V839U NALAgIUNIANNAIITAUANBUA AT DY NG

v
[
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q

BUNIAILIAT MU AT AAVDIAUTNUL (pbest)
WALALYINTUSUANULS I IEADIAUTENBUAINNLTS

NLuAMIEAIUT LA I UME LR AN WU

2.1.1 MAweivesds PSO
x(t) Ao sfumiseseyneviedmeuiidululdviomn
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FefifAniniu ke k Wudnoumnsiivesidesnsmen
wanzgn 50T t lag
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N Ae I1UIUUTEYINTNIBIUIUDYNA
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W Fg AN13aeUIuln
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FUN 6 : VNYIFIUATUN 2 — 5 AUATT t = t,,, WAITS

gANTSAUI
2.2 MSMAMMINLEARILTTUUN (Bat Algorithm ; BA)

N1IYIAMUIEAAR B TTWUNTWUIA AN
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Abstract

This paper studies Pollution Travelling Salesman Problem (PTSP). PTSP is a generalization of the
well-known Travelling Salesman Problem (PTSP) which aims to find a suitable tour that minimizes fuel
consumption in liters. This paper presents a mixed integer linear programming (MILP) for Pollution Travelling
Salesman Problem which its objective function considers fuel consumption in term of vehicle engine
efficiency, transmission, vehicle load, vehicle speed, road angle, distance and driver wages. The decision
variables of the problem include routing of a vehicle, vehicle load and speed level. In this study, the PTSP
is solved by the exact algorithm with optimization solver. The experiment uses 15 generated instances with
the number of cities varying from 5 to 20 cities. The numerical results obtained by LINGO show that, in
small-size instances, optimal solutions are easily found within fast computing time. When the number of
cities increases to 15 cities, the model takes 3 to 8 hours to find optimal solutions. Finally, when the number
of cities increases to 20 cities, the model cannot find optimal solution within acceptable computing time
of 10 hours.
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1. Introduction

Nowadays, the pollution released from
vehicles, industrial factories, incinerators, etc. has
increased from the past which causing many
factories to obey rules and has good standards for
environmental management. The overlooked is the
air pollution from the transportation of motorized
vehicles because it is the source of most polluted
air problems that produces carbon monoxide,
hydrocarbon oxides of nitrogen and sulfur.
Statistically, 55% of the hydrocarbons come out of
the exhaust pipe, 25% come out of the crankshaft
and another 20% are caused by evaporation in the
NO),

nitrogen dioxide (NO,) and almost all nitrous oxide

carburetor. Nitrogen oxides (nitric oxide,
(N,O) are also come out of the exhaust pipe which
directly causes toxic to humans. Besides, lead in
gasoline also increases the amount of lead in the
air too. In [1], Pollution Travelling Salesman
Problem (PTSP) is

combination of Travelling Salesman Problem (TSP)

proposed as a modified
and Pollution Routing Problem (PRP). The purpose
of PTSP is to reduce the amount of pollution that
released from vehicles. Since there are several
related factors causing air pollution such as vehicle
load, vehicle speed, road conditions and distance,
it is more efficient to design the route considering
those factors rather than those in general TSP.
There are very few research on PTSP, thus, this
study aims to introduce PTSP to find optimal route
in order to minimize the pollution problem
released from vehicle. This helps to reduce a direct
impact on daily life which can cause human health

problems.

2. Literature Review
Traveling salesman problem (TSP), known
as TSP, 1880s by lIrish

mathematician Sir William Rowan Hamilton and

originated in the

British mathematician Thomas Penyngton Kirkman
shown in [2]. TSP is a fundamental problem that
focuses on finding the best value (optimization),

such as the results of the shortest total distance,

the lowest cost and use the least amount of time
traveling. Based on 34 literature reviews, it was
found that many types of research use their
algorithms to solve most TSP problems. Most
researchers used the exact algorithm to obtain the
best solution. For example, [3] used an exact
algorithm with adaptive parallelizing to solve TSP
which can solve small size of problem. In [4], an
exact algorithm was used to solve Equitable TSP for
a small and medium size instances. However, the
disadvantage of the exact algorithm is it can only
solve small problems. For medium to-large size
problem, the exact method is not be able to find
the global optimal within suitable time. Therefore,
another  research  approach  applies  the
approximation algorithm to find near-best solutions
such as a research in [5] which applied a Differential
Evolution (DE) to solve TSP and outperforms other
algorithms. Some of researches are using Hybrid
algorithm to solve TSP such as a research in [6] that
using Hybrid Differential Evolution Algorithm for TSP
and compete with other algorithms which can
outperforms a single algorithm and some hybrid
algorithm. There are only one research on PTSP
which was proposed by Cacchiani et al. [7] in early
2018.

introduced to the classical TSP. Then, they used an

In  their study, new parameters were
lterated Local Search to solve the problem. The
experimental results showed that the proposed

algorithm can solve the problem up to 50 nodes.

3. Mathematical Model

This research used a mathematical model
of PTSP proposed by Cacchiani et al [7]. The PTSP
is defined on a complete directed graph G = (N, A)
where N ={0, . . ., n}is the set of nodes, 0 is a depot
and A is the set of arcs. The distance from node i to
node j is denoted by dj The set N, = N\ {0} is the
customer set. Each customer i € N, has a non-
negative demand g; and a service time t;. According
to Cacchiani et al. [7], the recommended value for
all parameters in the PTSP model is showed in
Table 1.
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Table 1 Parameters used in the PTSP model [7]

Notation Description Typical Unit
value
W Curb-weight 6350 Ke
£ Air-fuel ratio 1 AFR
k Engine friction 0.2 Kl/rev/L
factor
N Engine speed 33 Rev/s
\Y Engine 5 L
displacement
g Gravitational 9.81 m/s?
constant
Cyq Coefficient of 0.7 -
aerodynamic
drag
Y2, Air density 1.2041 Kg/m’®
A Frontal surface | 3.912 m?
area
C Coefficient of 0.01 -
rolling resistance
i Vehicle drive 0.4 -
train efficiency
n Efficiency 0.9 -
parameter for
diesel engines
fy Driver wages per | 0.011 Baht/s
K Heating value of a4 KJ/g
a typical diesel
fuel
¢ Conversion 737 g/s to
factor L/s

Notation Description Typical Unit
value
v Lower speed 5.5 (or m/s
limit 20
km/h)
v Upper speed 25 (or m/s
limit (m/s) 90
km/h)
Where  A=g&/Kkp and y=1/10001 17, are

constants, B =05cypA is a vehicle specific
constant. Distance; is the distance from location /
to location j, T; Is the service time it takes at the
destination /i, g; is customer demand at the
destination i, D is the summation of demand in all
which is

destination D=%ien G and
0

Qjj =T+§Sin9,)- +¢C, cos@,-j is an arc specific
constant depending on the road angle 9,-1- .

The main purpose of the PTSP is to
determine the minimum polluted route that
departs from the depot, visits each customer
exactly once by serving its demand, and return to
the depot, where the pollution is calculated by the
sum of the fuel consumption in liter and driver
wage.

The following decision variables for PTSP is

shown as follows: [7]

X 1 when travel from destination i to j
ij | 0 otherwise
f,j =R load on vehicle (kg) when travel from destination i to j

P 1 when travel from destination i to j with speed level r
ij ] 0 otherwise

The MILP model for PTSP is shown as
follows: [7]
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Objective function:
Minimize

T
j
2 yeaAKNvd; ZrERV_,

2
T2 pen APy zreRZ/'Jr' (Vr)

+X, peatyeydf, 2 et radyx;

dij )
+fa X pea ZrER(V_r]ZIj +Zien, ) @

Constraints:

z/‘e/\/o foj =D ©)
ZJENO foj =0 3)
ZJENXU =1, Vien (4)
2ienXj =L Vjen (5)
ZJ.Eij, —ZJ.ENJ;-]. =gq;, Vien, (6)
q;X; < fj SO=q))X;, VG, ) e )
ZrERZ,-; =X, V(i) €A (8)
X {01}, Vi,pea )
fi 20, VG,j) €A (10)
z; €101}, Vij)en Vrer (11)

The objective function in equation (1) consists of
four main components to be minimized. The first
component is the summation of fuel consumption
(L) from the engine efficiency when traveling from
location i to j with the selected speed level r, where
the selected speed is an average speed between
two cities without considering traffic condition.
Second component is the summation of fuel
consumption (L) calculated from the transmission
efficiency and frontal surface area resistance from
the wind when traveling from location i to j at the
speed level r. Third component is the summation
of fuel consumption (L) according to vehicle weight,
vehicle load, road angle, transmission efficiency

when traveling from location i to j. The last

component is the amount of fuel consumption (L)
calculated from the driver's wage when traveling at
the speed level r. The model converges the driver's
wage into fuel consumption so that the number of
working hours of drivers is minimized. Constraints (2)
and (3) ensure that the vehicle leaves full and
returns empty at the depot. Constraints (4) and (5)
guarantee that each node is visited exactly once.
Constraints (6) and (7) define the load of the vehicle
on each visited arc. Constraint (8) link x and z
variables by imposing that exactly one speed level
is chosen for each arc (i, j) € A. Constraints (9) to

(11) define the variable domains.

4. Experimental Results
From the mathematical model of PTSP
This study

generates 15 instances with different conditions (e.g.

that have been developed by [3].

number of cities, vehicle load, speed level, distance
between cities, road angle between cities, and
services time). The mathematical model is solved
by the exact method with LINGO optimization
program version 18.0 on PC core i5 4560, 16¢b of
ram with G-force GTX1060Ti. The experimental

results are shown in Table 2.

Table 2 Results from LINGO program

Computational
Number | #Global
Instance time
of cities | Obj. (L)
(hh:mm:ss)

1 5 401.615 0:00:00
2 5 405.870 0:00:00
3 5 351.414 0:00:00
4 5 421.424 0:00:00
5 5 383.000 0:00:00
6 5 303.688 0:00:00
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Table 2 Results from LINGO program (continued)

depot, road angle between cities (), service time

(T), and speed level ().

According to numerical results from Table
2, the LINGO program can find optimal routing for
the problems up to 10 cities. When problem size
increases to 15 cities, LINGO takes approximately 3
to 8 hours to obtain the global optimal solution.
Then, when the number of cities increases to 20,
LINGO cannot find the global optimal solution
within an acceptable time of 10 hours. It is noted
that although Cacchiani et al. [7] can solve the PTSP
up to 50 nodes, the solutions are not optimal. This
paper
however, when the problem is more complex, the

aims to find global optimal solution;
optimal solution cannot be found within an
unacceptable time. Therefore, the exact algorithm
has limitation of solving only small size problems.
Figure 1 show a relationship between the number
of cities and computing time. It can be seen that
the computational time increases in exponential
form.

The example of optimal routing obtained
from instance 1 can be illustrated in Figure 2. Table

3 shows the data of distance between cities and

Instance | Number | #Global | Computational Table 3 distance between 5 cities and depot
of cities | Obj. (L) time
(hh:mm:ss) city/city | Depot | 2 | 3 4 5 6

7 5 438.275 0:00:00 Depot M 34 | 52 | 41 65 | 98
8 5 407.128 0:00:00 2 34 M| 39| 29 | 77 | 65
9 5 403.150 0:00:00 3 52 39 | M| 37 | 45 | 43
10 5 232.553 0:00:00 4 41 29 |37 | M 85 | 17
11 10 533.652 0:00:18 5 65 77| 45| 8 | M | 89
12 15 438.849 03:28:38 6 98 65 | 43 | 77 | 89 M
13 15 711.151 08:15:42

g = -20000 4000 4000 4000 4000 4000
14 20 N/A >10:00:00 D = 20000
15 20 N/A 510:00:00 t =0 3600 3600 3600 3600 3600

a=1

V=55 101520 22 25

Global obj=401.615

Figure 2 Optimal route for Instance 1

In this model, the main factors affecting the
route choices are loads on the vehicle, road angle,
and distance between cities. For example, a vehicle
will try to deliver to the city with largest demand
first, then it will deliver to other remaining cities.

Next, a vehicle tends to avoid the route
with positive incline and choose the negative incline

or zero incline condition first. Finally, the distance
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between cities is another factor that alternates the

decision on vehicle routing.

Relationship between the number of

cities and computing time

100000

7

5 10 15 20

Solving time (s)

Number of cities

Figure 1 Relationship between the number

of cities and computing time

5. Conclusion

This paper presents a mathematical model
for Pollution Travelling Salesman Problem (PTSP), a
generalization of the TSP, in which fuel
consumption is the objective to be minimized. The
Mixed Integer Linear Programming (MILP) model is
solved by the exact algorithm with LINGO
optimization program version 18.0 on PC core i5
4560, 16gb of ram with G-force GTX1060Ti. The
experimental results of 15 generated instances
shows that LINGO can find optimal solutions for the
problems up to 10 cities in fast computing time.
When the number of cities increases to 15, LINGO
consumes 3 to 8 hours to find the optimal solution,
and when the number of cities reaches 20 cities,
LINGO cannot find the optimal solution within

acceptable computing time of 10 hours.

Since the exact method has limitation of
solving large-size problem, the future study is to
apply a metaheuristic approach to deal with PTSP

for medium and large problems.
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Multiple Spatial-Temporal factors with Social Network information

using Data Visualization for Emergency Ambulance Base Locations
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Abstract

The Emergency Medical Service (EMS) are very important for helping wounded people or victims
from the situation either from people or the natural disasters. Hence, the quickly access to those who have
been a wounded people is very significant. To access into the scene of the accident have time to acceptable
the response time is 8 minutes to increase more opportunities or reduce disability of wounded people.
Therefore, allocating an emergency ambulance base for quick access to the accident area is very important.
Currently, the emergency medical service allocates emergency ambulance base at hospitals. By using
experts or past information to make decisions In this study, the application of data from social media and
spatial data and time showing the thickness of each area for receiving emergency medical services using
heatmap Visualization by the kernel density estimation method And use the highest-density high-density
and medium-density results to force the selection in the mathematical model, also known as the covering
model, in deciding the emergency ambulance base allocation in Bangkok, which is a case study in This time
As for the results from this case study, the method proposed is to reduce emergency parking spaces that

are more than necessary by 20%, increase coverage area of 2.72%, and increase service coverage by 1%.

Keywords: Emergency Medical Service, Covering Model, Kernel Density Estimation, Social Network Data,

Spatial-Temporal Data
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Abstract

This research studied the method to solve the problem of capital allocation in order to reach the
optimal profit by Column Generation technique with 3 methodologies; Full model of Linear programming,
Row Generation and Column Generation. The study compare between performance and number of projects
to do operate in qualities and time. The result showed that the small size of problem solution by Column
Generation gave the same answer to the solution by full model of linear programming and Row Generation.
The method of Column Generation is supported the solutions that are larger than by Full model of linear
programming Row Generation. Due as Column Generation is a method that using variable increment in each
column decision. In the other hand, the solution by Full model of linear programming considers to solve
every possibility and Row Generation is a method that using constraints increment. Therefore, the processing
program which creating Row Generation use more processing resources and resulting in a shorter processing

time in the method of Column Generation.
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¥84na, ulas3n19 (Combinatorial allocation
constraints) qaqmwhmfu sfuduioulunisamuids
vyjfiliaenadesfunisasuiomgais Ao fideuves
Hymituszneudisdodidanarianivasyurengy

1A59115 (Combinatorial allocation constraints) a%an

o

warANdA W oM MNNTaN AU UTUNYBINITAINULTITA
nyffianududeunindu nedidwungiiedigliin
nsindulaidanugndesiazauisauidymivuin

Tngld sadananlunismameuniduiign

2. WINeNTSHAUYT (Solution

Methodology)

v
o v

NuITsidnausnIsundnin1sInas sy
amudedany AeIfn1sasisanua wavviinig
WisueuUszdnsnmeedisainand Auisns
widgymdeimuanisdadusuuiugy (Full model
of linear programming) Fuduizfianunsameneud
faale lnetyvnsdaassiuamuiiviinsd@nuly
niAdei Jutlgmiiussneusetedimmanuiuasmu
99Nq 11A539719 (Combinatorial allocation constraints)
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Jgguinisieassevdszuialilasinig N
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(Primal problem) %3851uaufUsH AUl udu
sg1maiuilofiansunduiiame (Duality problem)
AT 21

nsdlfeg1nau Wl esuiulasinisd 5
Tasens Srnudediiadu 31 dedrdn (2°-1) uas
desaulassmsiiad wdy 10 Tasin1s $1uau
Fodrdaiudu 1,023 Yes1da (2°-1) esuau
Tassnsiindudu 20 Tasans Srunudesrindiadu
1,048,576 Tav1ia (22°-1) FewrniAuniias

Simplex method lianunsaudteymlnensala

2.1 Apdunedyanualge
7 Milsmunnnisamusioun
¢ flsannisamulasenisi j
¢ ngulassmsiiAnainnsdems
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N dwalassnisiom
a,  fhuvsivuansasmuvedlasinsi j
ma‘Lé’gUwummmuﬁ i Tnedi aUE{O,l}
x dndiunsaauuedasinis j
i lasennsijdle j=1,2, ., N
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sanvRIMaTINARAILNTAMUIULUUT |
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ym GTQLLUﬁé}'ﬂ?ﬂﬂﬁ]ﬁm%’uﬂfgmﬁjﬁaamﬂé’aqﬁ"u
TednfinnasIndndiugegavesnisasmu
g‘dLmuﬁ [
RC,  Awdmnegvesiandes (Reduced cost
coefficient) dmTunisasnsanusliyas
s yiL
RC  awdwmuneveslguiees (Reduced cost
coefficient) dwsunisasisanusliyas
sy
p  A191AL (Shadow price) dnsudainin
fijdlej=1,2 ., N
k  Hasmduulasang
L, KaTATERFIUNTTasUT A MU

'
aa o

sUwuunwIUlasmsTIiU k

(YR

M, WATIANEREIUNTTAMUGIEnEMIY
sUuvuidnulAssMss WA k

v, sdsdndulaveslaymeesdmiunisaing
anuditeiiusudsindulalugafauys v

u  fudsdnaulaveslymdesdmsunisaing

anuAuioiududsindulaluyaduds y
2.2 LUUINARINNAMAATENS

Jymnsdnassiiuasmudesdnny (Capital
Budgeting Problem with Combinatorial Allocation
Constraints) aunsalsudunuudiasmsndacans
SLug‘ULLuwumﬂigmﬁ?nLﬁu (Primal problem) 1¢idsaanIs

7i)-©

s.t.

- 2 a <, Vi (3)

%20 Vi @)

' o s
dunisn (1) wansdauni9singdizasn
(Objective function) UoLUUINADINNANAAIEAT B9

o

TingUszashiiomameuiiiiinmlssinasanain

n5dnasiuamu eaunisi (2) - (4) uanstediin
(Constraint) Yasiuu1ans Ingeaunsi (2) nuneds
aeldguuuunsinassiuasmuuuud | annsaldsu
Wuamuswlaifuadadiu m luusaudediy
dwfueaunisil (3) meldguuuunsinassuasu
wuudt | ansaldduRuasmunlidosninddndiy |
waveaunnsi (4) e muadndiunisasudmiu

LHarlATINISATABALAININNIUTBWINAY O

WeRansauuuudiassndamansuest g
faLAs (Primal problem) AaemnguilUayuig (Duality
theory) azanunsalisulgmaaauluglvestdymig

(Dual problem) lésaasnsd (5) - (8)

M M
(5)
min. W= 2 m-y;ﬂ—z liyil
i=1 i=1

s.t.
2N
(6)
L m .
Z (ayy; -2y, )<=, Vi
i=1
y:20 Vi 0
VAR) Vi ®

aun1si (5) wamsaunisid1nuieaes
wuudnaeanadinenansdmsulame Fodudsvans
93aun 19 1MUIEA DA 1IN 1UDI1 (Right
Hand Side, RHS) ¥ p9@un1sy ®a 10 ALy
LLUUf\i’waawaqﬂzgméguﬁm wazdlsandula
d1msunuuIIaemndiaaans Uynie ay
Usznaulude 2 yaduds Ae v uay yil Feay
denndesiusuautes favesymeaiy (@aun1sd

(2) wag (3))
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aun1sf (6) wanseaun1sTeT 1A A8
wuudnaeaneadadansdmsulymg lagainig
F1U27 (RHS) 5908 11A5 0940818 98d1N1532
aenadostuaunisimnevesdamndn (@unnsi (1)
wareaun1sil (7) uae (8) Wi muadudsdndula
voslgymglvidamnnitvseniniu 0)

1NLVUTIa0ImsAsaaIans vedynie
wudrsuaudnUsdndulafiidiuiunn wazasiiiy
Frunegnaiudediulasinislunisinassiiu
ammﬁuﬁwmwﬁuﬁaLLamsluaumiﬁ (9) Maviiad Y
TAssn1sdanalimisnsuntdgymareA AN IS8 LEY
wuuiingduuulianunsaud dgmdsnanild wiely

anunsanndgymlaniglunainisuszananaiiuinga
no. of variable=2(2"-1) ©)

F975n19a913@aun (Column Generation
[ ¥ £ Y o =
Method) @nunsalgundeymaisdulazliainaunm
nigala
2.3 mawiUyniaaeIsnisadisanus

wann1sveiinisadeanudazisuainnis
Uszanaiymiifawadueiud viedlvualng Ju
Hamiidawasitadiannsalddsnsimenisdady
wuuidugd uidamle Bendywisuduin Jaymmndn
(Original problem) waglynawd Jeynae (Duality
theorem) @519 UUT 18038 1T U Yn1g o (Sub
problem) #ivimiiiad1sanuss (Column) il ovfivs
wdslulamman lneingusvasdvestdymedosaonis
denduwdsandulasisndu wazdinananndmung
(Objective value) maqﬁzymwé’mvhﬂfu

wUUTIaRIIAtnFaEn Uty Mg ouuans
Faaunisit (10) - (17) ile k Aenasauduaulasinis

“Lugﬂuwmﬁmssﬁuamu AU k=1, 2, .., N

N

min. RC = z PyviLi (10)

j=1
s.t.

N

Z PY, <M, (11)
j=1

Z v; =k (12)
j=1

v, ={0,1} Vi (13)

min. RCm:Mk—E PY (14)

_z pjuj S_Lk (15)
i
2 u; =k (16)

U ={0,13 Vi (17)

s.t.

aunsit (10) - (13) uansdymgesdmiunis
adeanudifiedendauusdndulslugasiuys v ua
aunis (14) - (17) wansdgymgosdmsunisadig
anudlileidensuusdnaulaluyadaus y" lagaunns
7 (10) wae (14) wansaunsingussasdvasiiymdon
WilemAnau (Decision variable) Aivilsien Reduced
cost coefficient fiA1asfian devunoderinouves
Hymgeedangs Wuanaudfiudlulutagmwindn
wdibidgvndnidlnddeymidugy (Full model)

nTu Anthwnevestgwmdnivasunlas wazan

31A1L1 (Shadow price, pj) \Wasuulag

aunsi (11) uansdodriniieuaulanudd
asatudmiugaiuls y: fanandusisdmiudedin
wasmé’mﬁauﬁmﬂﬁqﬂ (@37l 2) wazaNns9 (15)
wanstosinfinuaulianusifasatudmiugaiuys
y" Fenaduasedmsudostanasindndaus usin

(@un157 3)
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Y o o A

AUN5N (13) wag (17) AeUp31NANAIUUAAN
vosaBntuanuingnaiadulyviliaiegsening 0 wag
1 IRENASINYDIAUIT NI ULA AZAANA LT AN
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' v
¢l Y =
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a; &m3U j=1,2, .., N
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v
v o o

- (13) waz (14) - (17)) adudwudgymeosdmiu
ynen k S5uuiedu 2k iiteliisassanudanns
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Reduced cost coefficient LeaznselazdlA111ANIN
viiewhiu 0 Fanederaevvestymeseiiivaiu
Jayuavan luvaldand1vunevesd guivan

WasuwUas
2.4 YunauITVBINISHAUYMIRIITN T 19EAUA

ASEUIUNISLRNILA NS UIT AT 19anUA LU
NN waLLBYARIT
Jupoun 1 asuuuinassdunsulymasaunidiuiu

o
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@

anusfadu 1y 2N+2 anus fadl

2 5 N (19)

aun1sh (18) dmsu y; U N @aus uag
dmiu y" 9uru N anmd

aun199 (19) d1msu yil U 1 @aud uaz
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Fupouil 3 asanuvinaosdmsuligmess 2 Jgym
AINANNIST (10) - (13) waz (14) - (17) d28en
Shadow price NTunOUT 2 waz k=N-1

- dupouil 4 mﬁmawaaﬂmmﬂu%umuﬁ 3 uaztiu
frnoudt b iduanudeestynindnid ernaunis
1Wnu1e (Reduced cost coefficient) Haanin 0 wag
Weduneudt 2 8¢ ¢ undragldeaunisidivung
INNIIUTOLYINAU 0

~Juneudt 5 adedgwilnddmunasiusiua
Tnsenisfianaavinfu 1 wasvingaduneuil 3 &a 5
qunden k agasuynnsdl JunouiBuanaduunuiily
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2.5 MIDBNUVUNITNARDY

N15NAaTAUsEaNS nneeeisn15ase
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1. waswdndaunsasmuiudn () dmfu
$ruaulasenisioud 1 8 N Tasenis Sadarduaunns
wInuaskuULENIURTiAdeiiios daus 0 fs 0.25 Tay
l<m. ey Li<lj o i<j

2. nasdndrumsamugegn (m,) dmsu
Sruaulassnaaus 1 8 N lasens Sedardumuns
memLLUULaﬂgﬂﬁﬁﬁiwiaLﬁm faust 0 89 1 Tng m;>L
wag m<m, \ilo i<j

3. Alsfilaannnisaanunentieveuay
1A54n15 FedAgun1unIsUaNLAtLUUIENFUNT AN
AoLiiad Ague 20 e 45

3. HAN1INAABY
TumaAdedazulsmameasadu 3 msveass Ao
3.1 Ugywrwunaian

nanisvaaeslunsdifivuiavestlymiiauin
WWn Ao auralAsIn1sigIuau 11-20lA5901T 9%
WU UNANITAADITEI NI IDNITAUUANITLT
dunuuidiugy wariSaianudluibeswesnaiuas
AuAmvasAInauAe A1lslunisamu lagaunse

LAAINANISNAADY MUMAISIN 1

A19199 1 wan1sveasslgmuunaian

dine | el | vanszuana Gund) uafmls (Fuum) uannarils

Tasams | doulvsiuds| dwudundadu] shanud | duufudedu| shanud (%)
11 2,047%11 0.3936 1.0965 42.0311 420311 | 0.0000
12 4,095%12 0.0514 13112 36.5553 36.5601 | 0.0131
13 8,191*13 0.1370 1.5310 40.0527 40.0640 | 0.0282
14 16,383*14| 0.3590 1.7593 36.9078 36.9078 | 0.0000
15 32,767*15| 0.7475 2.0815 38.0650 38.0650 | 0.0000
16 65,535%16| 4.6021 1.6555 34.8657 34.8657 | 0.0000
17 131,071*17| 188454 1.1740 36.0604 | 36.0727 | 00341
18 262,143*18| 63.2433 3.6952 38.1627 38.3525 | 04973
19 524,287*19| 3355638 | 10.6583 | 36.2722 36.4177 | 0.4011
20 1,048,575%20| 1,434.0793 | 11.7577 | 37.9738 38.0852 | 0.3039

na91nA15197 1 varlunisuszananalae
FBmsimuanaidadunuudugy arldinaidind1as
a¥sanusiidosuiulaseinistesniiniowindu 15
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nuIalun1sUszunanalaglaisadsanunagleiag
fiveunin wazidleswaulasesnisialuds 20 Tasens
NUINIANUTELIANALAEITNITANNUANISLT LFULUY
winguldianUssuiana Ae 1,434.0793 Tunil n3e
1N 16 Frlususisadanusldinalszanana fe
11.7577 3w lonsluansanudunusseninedIuiu

1A5aM13iUnaINITUTEIIaNARIUN 2 wax 3
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20 1A59n13 Tdnaundguiiies 2.54 3uf wans
naaesuddymuuialng i ds1uiulasens 20-40
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