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CHAPTER |

exporting natur. aRNECOemics, 2008). However
according to | 'ns), 89% of exported
natural rubber i in Bre duct s » 1 ‘ eets (Rubber Research
Institute of Thailan 20 f': _ | :\‘ e leader of world natural
rubber industry, t ,: ¢ ch 0\‘\ prove this profitable industry
not only in producti -_ ':” Ce,and.r g, DUE also in management practice

igjupply chain of the

}onsidering the raw

material colleﬁ?fn S str@he collection process

appears to be main activity in the system. The logistics
the cogts of the C(‘Gﬂ’] system. Most of thMlstlcs costs both fixed costs such as

orgs t| |xed 0 ﬂ w rta ol c sts ;Iy on the
opergiion mode of raw materla collection system. In addition to these, the natural

rubber industry has specific chardBteristics such as jesishable product that @fféc

RIRN AN RS

Generally, the important aspect in designing the collection system is the

st is a huge portion in

decision on locating facilities such as collection stations, plants or factories, allocating
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suppliers or customers to the selected facilities, and transporting products from
supplier to the factory through the collector system. From collection station’s
perspective, the location and the number of collection stations are both major factors

anging the number of collection stations
/ iewpoint of the collection station,

ition. Another point concerned

in designing the collection syste

I transportation. In supply

:‘“\.,; ould be investigated. In
ns, W ) ‘m__:- t, different quantity
levels give diff teriall Jrices Since different séts of suppliers yield the
difference of reven : di or f the SYsteImcost, it is essential to find a
set of suppliers inCludedi \ pre, t@i@stablish such a complicate raw
material collection s ' .54 essar Ilve Aot only the location decisions

but also the allocation decl N
5755
the supplier

which should be determined and

Theb @ prfoblem of setting up

raw material Jlectlo . iti @/Ith the holistic view

model that considers step—price condition together with vehicle capacity and time

ictions, al collecti The.solution of
thﬁeﬁ h(% w lectiof s sﬁset up by

deteunmg the location and the number of collection stations that need to be opened,

a set of suipllers included into th(gystem and the allﬁon of selected suppu to

vehlc es. hls researc empha5|zes on the maX|m|zat|on of profit rom raw materia

collection which interrelates with revenue from collected supply and total system cost.



1.2 Raw Material Collection System in the Natural Rubber
Industry

The overview of raw material collection system in the natural rubber industry
and the process of raw materi og are given in this section. Furthermore,
description of the incen% ' /r)%/naterial collection system is also
explained. % —-/__?

S —— 2 ~ = ——

lgc
2 - >

gin_raw material collection

s

I ; "‘~;.o i party is the collector

system in the-d is the rubber planters

or supplier part.

[ A
8224

part.

> =y
’

o 43¢ o

1248'S plg?‘-. !‘ 3
Supplig ?}"}fi”*'v:. o) wOSRypes of rubber products such

as latex and rubber sheetS 3 :

Ch 1Cally produced. Growing areas are
ﬂ:,{?" ¥ .

geographically dispgss f growing areas vary from a
range of smg 'l"' oldings-to-plantation-estates-(more-than-40-hs ) In Thailand, the
amount of ‘Smaéil

e
rubber growing|area (2,433,908

" f % of total natural
|
gsearch Instﬂ!ﬁte of Thailand, 2008).

The productivity ?natural rubber depends on many factors such as season, financial

AUEINLMINGING
RIAINIAANRIINRHIRY

in Thailand that are (1) concentrated latex, (2) block rubbers, (3) smoked sheets, (4)

air dried sheets, and (5) crepes. On the part of factory, the availability of raw materials
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conforming to the production plan is the major factor for producing products. To

have steady production process, a factory needs predictable and regular raw materials

for production supply. Furthermore, as most agricultural products are seasonal

materials with short shelf I|fe th inty of supply availability and shelf life of
raw materials are |mpor //! the production (Haan et al, 2003;

Nambiar et al., 1989)

Jé

cting the production
_ in order to make the

\ ho acts as intermediary
o have a duty to collect
_ 9 and then transport the
\

ated Latex

-

Rubber Product
Manufactures

()

Customers

Smallholder

Alr Dried Sheets ﬁ

Agents / Export
ers

q maﬂﬁ%ﬁ muwﬁ@mm Y

graded and bought. Next, rubber is transported to direct manufacturing in order to

Sheets

prepare for the production process of final products. After preprocessing, the rubber

products are either directly delivered to rubber product manufacturing or agency
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dealers who act as intermediary between two manufacturing and normally work for
large manufacturers. Next, the rubber products are produced and finally, distributed to

the customers.

concentrated latex Tactor TV ( ex is that rubber products
produced from latex requires gl ~_¢ alitys Insaddition, though latex is easier to
be processed ‘ a\diffi nagement due to hard
biological time g ajt, LA as [0~be transfe fo thgieollection station within

biological time to ey X nf_fg;"

122R Pradesshin Real World

\

['=. -\ ecti@h operations in real world

situation (Informdtioni\ om, -' iveyin i te wing three parties: suppliers,

collectors, and manufacturefsif it Sotithern i€€s of Thailand).
fﬁ -*J a

Collection Station Factory

-F =

3--.

Hi“_“‘ -

- ' i

Flgure 1.2 The raw material cgflection process in natural rubber mdus

ch ANNINARIINIAN Y

The operations of latex collection start from tapping rubber trees.

Rubber trees are normally tapped alternate—daily between 3 a.m. — 6 a.m. because it
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maximizes latex yield. A planter can tap (500 — 1000) trees daily depending on the
extent of his plantation. After a short break, the planter returns to rubber trees and
transfers the latex from the cup into a bucket. This operation can be completed in one
to two hours time. The planter t g Bports his crop (50 — 110 liter) to a nearby
sub—collection station on a

1. 2wﬂ0pemon _:__ﬁ-

content and ' ‘ \ " 8@llection tank (capacity 1500 —

ey,

2200 liter). Ony . ionean sexve Bervween OO planters. A collector
WeightoF o""'».h ibber content and current

market rubbepsffice. t ﬁ]k is full, - o b tien trARsports latex from sub—

. . J / ! L % . .
collection station ger c.‘!u il liyvery time is 1 — 2 hours

. : \ r - -
based on distance beiivee collec on ns, and thestraffic.

[Wall collection stations. The
collected latex is alsb saniglecEfor its dr J8r content and weighed. Latex from
Bd into a collection tank (capacity
patthe latex remains fluid
= ‘ﬁ\

fj otherwise the latex

both planters and sub—coll€ 'g,,_

25000 |ite@1

j de'é:F rubber. However, too
preservative also affects the quality of prom Raw material can be
stocked in the coI‘cﬂtank 1 - 2 days basdlgh the amount of added preservative.

fIRyanunansIng.

station and a factory, and also the tgdffic.

QW’]Mﬂ’iﬂJﬂJW]’WIEI']ﬂEJ

will coagulate=ar

much amount




1.2.2.3 Manufacturer Operation

The factory processes the collected latex into products depending

on manufacturing types as mentioned previously. The rubber products are passed into

storage and next transported b I\‘ /r)c stomers.

1.2.3 Step-=Q

~=-;L_, St m

suppliers ac less, because many

factories have ¢ material, an incentive
system such for the benefit of the
collector so th be more reliable and

predictable.

_ artive-potici gy aréglised in raw material collection
system in the natural rubber# ry IS a price policy. The so called ‘step—price
policy’ is that the pricg of | aterial i or higher raw material quantity.
For exam@ { | raw material is A

Wty is added to Y

kilograms, Whﬁ Y > A. This implies that

when the more supply quantity is collected, the higher raw material price will be paid

- ﬁ%ﬂaﬁ%’ NETheT
Q\W']Mﬂ’iﬂJﬂJW]’mmﬂEJ



1.3 Analysis

In this sectigh, tige operating in real world is

analyzed in varigls pe p Ives s a8 Cullin real world operation,
| i . L 3 ‘ \ \
and aspects which ig#bacifonfthe*se-l "F W Matefal ‘€dllection system. The proper

design of raw material g@llectia

operating in real

world, man " o .n;z fle problems can be
mentioned as ﬁijs: | Jﬂ‘

2 ctor_ does no k ow h_suppliers eir crop to
ﬂ u I%n t i hi wgés nll thelsupplier’s

decision and the relatlonshlp between the collector and suppllers

q ‘W’] ARSI INGINY

depends on season and tapping labor.
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e A collector does not know when suppliers will come to the
collection station. This problem depends on the distance between

rubber plantation and the collection station; moreover, it can affect

quantities of raw material and

transportation time ~£&0um heecol lecti iof ctory. For instance, if the

| w—* AN
quantity of raw materialis \ raw material will be treated
by using more chemic ' ‘ iVervito 2 actory on the next day. In

addition, if t

factory, raw ma i stock - nesstack tank. Both problems

ality @8t is increased with a

F - j - ! # "" 5
consequent redu Athe /col efcethe proper raw material

collection systéfr - introduced con \ oblems of this nature and

1.3.2 Dlscussmn n:g-_r::f:‘ 2sign Option of Raw Material

'?Ilectlon system, it

= g,.cm e establishment of a
. In this study, three crucial aspects namely.Mie number of collection
stations, the sup;femllector relationship, Wthe transportation movement have

RS INENINEING

1.3.2.1 Aspect of Cgflection Station

QRN URIINIAY

collection stations is the main aspect in designing the collection system. Changing the

A
seems that therg.ha

collection sys

number of collection stations affects total supply chain cost (Daskin et al., 2003;

Krarup and Pruzan, 1990; ReVelle and Eiselt, 2005). As revealed by Chopra (2003),
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as the number of facilities in a supply chain increases, the facility cost surly
increases. Nevertheless, increasing the number of facilities decreases the

transportation cost.

Here, we 8@ . jumber of collection stations into two
groups as one collection 'Sigiidk .and, v ¢tion stations. Only one collection
ion fixed cost than multiple
..H__‘-- @ === -
collection stations. Howey. 10N may not be sufficient for
collecting and transporii ' X Wi gicaistime constraint. It can affect the

ial since latex is time—

ings about high collection
\‘-u\’: ediyvenient and efficient.

cabetween collection stations

pplier and collector is another
: ﬁb al rubber industry.
:",

L]F supplier—collector

essential a@

Avallablllt)t
relation. The cjyep :@wg care in supply chain
management aloni and Benton, 1997; O’ Keeffe 1 :

relationship betvv@rnopller and collectorisfclassified as contracted and non-

FUganEnawsIng -

suppliers do not need to send theinggupply to the collemn stations. The suppl fgom

ARIRINIR AN TERGE

Due to the presence of contracted suppliers, a collector certainly

In this study, the

knows suppliers will bring their product to the collection station, and the collector will

transfer all supply to the factory which will result in a decrease of collection cost.
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When it comes to non-contracted suppliers, a collector is unaware of which
supplier will bring their product to the collection station. This problem has an effect

on the uncertainty production supply leading to high inventory cost and collection

‘ ————
angport .w. M OVE
\\
\\\ ‘u\ p ant aspect that should
Netwg

\ gindl (2001: 261-302)

|o 1 i e and distance affecting

transportatio ¥ ) irogc | 0 gles of shipment that
are route of type ' .. / oute t 1 2 \(for replenishment) is that
the route connects a gai ‘ ? - Jt 0]l \ \u‘i‘ ayers. For instance, a depot
IS connected to a . ' d. 1o te of t eans a tour connecting a

node in a layer with jgore ﬁ'm_ ber W@lyers. For example, a depot is
connected via a tour to a cer ----- grmber-of Glstomers served by the same vehicle. In
this study, two !"’
analyzed. k_ T

W)

ment and routlng shipment are

z\l-iost is increased since
|

portation cost and the
overtime cost are‘sﬂfected by direct shipffigift because the distance of one trip is

fUBINURINGIANG

collection station finishes too late g transport to the fﬂry, latex will be tre

RIRNAN AW AT IN a?

Therefore, changing from direct shipment to routing shipment makes the collection

—
il '
every path recpues one vehicle for transporting latex. The t

system more profitabie since routing shipment consoiidates shipments to muitipie
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suppliers on a single vehicle. Not only the vehicle cost is low, but routing shipment

also gives a decrease in transportation cost and inventory cost.

According to the analysis of problems in real world and the discussion

on proper raw material collectig own in Figure 1.4 is proposed in this

research. The proposed. designin il #to have better control both supply
quantity and deliverystims ct - r amount of chemical. The

expected total system Cost be gecrease roposed design, collector has

a function of collectingee v— sporfingraivgRTaterial to a factory with the main
objective of | bilying and'sehindstaw Material. Sub-collector, in
addition, can b | Aofcan be changed to be a

collector’s truck opgfatogs ogfthird"partyfiorpiakihg Up wmaterial.

I Factory .

Collection
Stations

Suppliers

A1
-

fu,g_ » u
1.3.3 Pecisions of the Collector

Auginemingang:

Whllﬂhe second level is the operaﬂon decisions. The decision maker con5|d s the

q ARSI INEIAY

mechanism, it seems that the operation decision is concerned on daily implementation

of raw material collection system relating to transportation decision only.
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Location Where?
Collection station
Number How many?
Which supply is included
Number in the system?

Which supplier is assigned to
Assignment opened collection station

Yumber How many?

Which supply point is selected
in each route?

Which vehicle is used
in each route?

_
et £

J v f / \ 1 : o
In der t S€ a &I ra \\ atefial collection system, it is

important to examines Hothd bn stBtions and the location of each

collection station. Slnce it ppliers are required to be selected,

the selectd@pf ofesuppliers should be
determine ﬁ--—~—. ided after supplier

selection is OrC f Uppliers selected in the

06
route and nunﬁl of vehicles used TN the routing should be | vestigated. Moreover,
the routes shoulchb ﬂ cheduled restricted tc‘jucle capacity and perishable time

AU INENINEINT

Given: (a) a set of potentlal collection station locations,

QW’]Mﬂ’iﬂJﬁW’l“’Mﬂﬂﬂﬂ

factory locati

(d) a set of vehicle.
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Determine: (@ a set of selected suppliers which

maximizes total revenue,

the number and location of collection

g6 tljat need to be opened so that collection
i / #Cost and transportation cost from
)sabe a factory are minimized,

_routes referring to the

¢ raw material collection system, the

reassignment of open collect

line with t et 0 ting to collect raw
ety o oSy
M . j1d biological time
constraints shcﬁj! be - 'jﬂ‘

(a) a set Wen collection stations,

ﬂUEJ’JVIEJ%tﬁWEJ'@}ﬂﬁ

‘(c) a set of vehlcle

ARIANAF LRI RIS

collection cost is minimized.

upplier should be considered in
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Constraint: (a) capacity of vehicle,

(b) biological time duration,

i the 3et u

ing is the static case while

the operation demsnorus

blem studied is not long—

ambe.relocated. It means that if the
\_\

term profit maximizati
parameters s e dfamatically changed, the

location decisic

e er \‘u' de igning of raw material
collection system in this " he petiod-for setting a design covers
expected period life ie colle Bal heW@bllection system investigated
consists of a number of sup 7 Ction stations with unlimited stocking
area, and one factory._to w ‘-’?' 1.collected ial has to be sent. Suppliers in the
system cor@r d can either be planters themselve: '

material frcb I
from supplier J then ought collector system. Raw

_ﬂ)rs who collect raw
: Jnaterial is collected

A1
-

material transporta tlon is divided into two levels. The first level is the transportation

AL WS

For the first level, the |?nt|cal vehicles W limited material h d ng

q RINIIUININGITY

its collection station. The collected raw material is then unloaded and prepared to

delivery to the factory. For the second level, larger vehicle will transport collected
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raw material directly from each collection station to the factory. Figure 1.6 gives an

illustration of raw material collection system investigated in this research.

Supplier () N .

Because of thg reI ly—larger g tham supply, most factories have
incentive policies for their ollecto! a litate more supply quantities to the

factories. One of the | ed in raw material collection

system is @ L.system, raw material
y L —— ..

price at ea& _nr.dent price while raw
uantity levels. In this

material priceﬂ the —priczﬁj

study, all colléCtion stations pay suppliers with the same raw Taterial price. The step—
levels tep—prices offered t collector are created by the factory.

i a mﬁa&}%oﬁ tlenlis p, ﬁq 8§ collected

L < <q, then raw Materfal pric€ at the factory is p,, butif 0, <q <q,

then the price of raw material at tl"‘factory is p, whi@ equal to p, plus in”ve

QRIRIATHUHAITNEIRD

material quantity in order to receive higher price for raw material at the factory.

1
-

price guantit
FORS

qua
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In order to set up raw material collection system under step—price policy
circumstance, a collector has to collect more raw material quantity by expanding
collection area. The more suppliers visit, the more income receives; however, when a

collector decides to visit more s

eling distance will be longer which will
X/ h set of suppliers yields different

result in higher transporta

fRerefore, the set of suppliers

) aterial collection system.
With step—price_pgliey ditien: it hé he e=@ffibectween revenue received

from totally colle ol \cast otiyfiXedigest and variable cost from

expanding collectig ' et higher Stepptiee level.

Moreover, i# onsidered “he - time duration and vehicle
capacity const ; : Fial;en ag ~ r uo i is perishable; quality
of raw material g ‘ "' flo \ ro should be kept within

'\
apaC| a mit the collection process.

biological time™ dur. ! \ \* f aw material. Not only

For example, if the ity-—of fill, thelvehicle has to return to the
collection station.

Conﬂue rder to max e rﬂ\material collection

system, a collcetor-must-dectae-wi Hect-rawsmaterial-tfor and the number of
suppliers, how. S ou;td\ﬁ located, how many
vehicles in theﬁtem and what the routes of each vehicle tcuike are. A collector has
to trade the strateﬂ ﬂetween revenue fronvlected supply and total system costs

AUt AninINGIng

circu stances

QW’]Mﬂ’iﬂJﬂJW]’WIEI']ﬂEJ
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1.5 Research Objective

The objective of this research is to develop a mathematical model for an

integrated location allocation and vehicle routing problem with step—price policy. The

strategy for supplier selection, i location, and transportation planning
in order to get -..\ %&Collectlon is determined. The

developed model w ial collection system for the

natural rubber in |cultural industries whose

characteristics

it g problem for setting

up the raw material igh system-is.studied'i The assumptions are
defined in ordep ‘ ’e;;};ra:; |
. ;u 4
1.6.1 The eristics of aw Miterial Collection

r":*’. ha

Thi ' fimg, up proper design of raw

System

material colleetion-system. The setting up of the-coltection system studied here is
assumed to eon 5&» 0p. In raw material
collection syst&g, raw materia offected™from suppliers aUhen sent to the factory

through the collactlon stations. The Ioca of possible suppliers, potential

AU INYNIT NN

uncamutated collection station. II collection stations have unlimited area for

q RIS IVE TR Y

desires.
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In this research, only a single raw material is considered in the

collection system. This means that only one identical product is produced by suppliers

and collected by the collector. Quality of raw material is assumed to be one grade of

erial \~ he 8ame day of purchase to

assure that the IQg€ fr icg "variatic ill nQtjoCelr. There is no inventory

The syste st includes aterial buying cost, fixed cost of

(EOR
collection tﬁon st of vehicle, betw®en collection station
and supplief;s rand factory. All data
used in this resgarc

m {l

1.6.2 Th‘(hracterlstlcs of Rafiidaterial Collection

AUEINENSINEINA. ..

prob . The first level of raw i]aterlal transportatlon is routing transportatlon

qRAGNTLIE WIRNETNY

can be rented from car rental partner. The transportation cost here includes both the

vehicle fixed cost and the routing cost.
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At the first level of raw material transportation, there is one type of
capacitated vehicle used in collection of raw material. The capacity of vehicle is
assumed to be comparatively larger than accumulated collected raw material on each
has its own vehicles for collecting from
3%, n stations. The number of vehicles
ctlve of the number of vehicles

. ..."
erial_cotlectton, ﬂ'coll port them. Each route starts

3L one route; therefore, the

single supplier. Each collection

suppliers and transporting ral

number of trucks.isseftalie” r'of: Ratruck is operated only once

per day. In the ra / golecti he yisited only once by one

vehicle.

licra i, collection station has
to be finished fhin fbialbg time irati \ o time is given to be
proportional to : avelj Stance '”r- ) Wi "'\\ supplier point is considered.
It is assumed that e lotiing tignelis Dropo tional toksup ly of supplier. This means
that there is more supj , :'—---:;-*4 '''''' i [Buis régliired at the supplier point. No
shortage or delay occurs fof~ he-cotlec .;i W material at any supplier’s point. It is

assumed that every getting raw material ready for

picking upat-ahy

=0r naﬁi}fation, collected raw
’ 11

material froml| ch collection station 1s directly transpo@l to the factory. The

transportation bet@eﬂe collection station We factory is assumed to subcontract

mﬂ:ﬁ b mm Neang

facto

QxW’]Mﬂ’iﬂJﬁJW]’JWEI']ﬂEJ
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1.7 Research Contributions

For the last two decades, many location allocation and vehicle routing models

have been proposed. Each model is characterized by various viewpoints such as

hierarchical structure (single lay€ ulti ,
locate (single facility or rqult (i acity constraints (facility capacity

or vehicle capacity),.@ o ~.>_.;. i mm of the objective function

(Min et al., 1998;

here is similar vestigated the real-life

problem of pla@ rubber industry. The

problem was decgposgd ig afts: a\plant, [oagatiogpPart and a vehicle routing

part. Constructive p€Urisfic fviflpAclu 0 based f’ﬂ_:_. have been applied for

solving the praiifem gonsitieged. ¥del ¢ \ ‘T“-\_qo“ was restricted to

)

vehicle capacity afitl bjlogica aints, He aler, there is no step—price

policy consideref in t{#€ ra ﬁt o

S '
L =

In this res€archlf the ,

collection system pla€e ""E-f-f'-'-f\aﬂ",-, derdflon of location of collection

1) for t| § up proper raw material

station, selection of supplle -and transpc pmof raw material collection under the
TR OAS

influence of-gtep—p / and the Niehicle capacity and collection

time duratl i Fhe environments considered make themod ELM0O Complex but more

realistic. Althtug hicle® uting problem have

been considerdﬁ and studied fo ne, nonetheless,-]ﬂ existing research has

explored all cha?cE istics addressed in t odel The comparison of related

ﬁﬂﬁ?ﬂﬂﬂﬁﬂﬂ’]ﬂﬁ
qmmmmummmaﬂ
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Table 1.1 The comparison of the journals r@a r—
Hierachical level Facility F_acilit ; cit | Time duration | Price, Cost value Objective
_ - 2 - 2 = 2 .= © = 2 g 3 = = =
Literature E] = = = ; f <! 2 g % é E 5 o Method
R £ i S | 8722
Aksen and Aras (2005) v v v v 4 Heuristic
Aras et al. (2008) v v v Metaheuristic
Albareda-Samhola et al. (2005) v v v v' | Metaheuristic
Ambrosino and Scutella (2005) v v v ; ,:f v v v | Exact solution
Aykin (1995) v v 7 I e v v v | Heuristic
Barreto et al. (2007) v v 5 v v v Heuristic
Boolbinder and Reece (1988) v v = v v v' | Exact solution
Chan et al. (2001) v v v e v v v Heuristic
Hansen et al. (1994) v v v it 4 v v Heuristic
Lin and Kwok (2006) v v v v v v Metaheuristic
Melechovsky et al. (2005) v v v : - v v | Metaheuristic
Nambiar et al. (1981) v 1 '] v v v Heuristic
Nagy and Salhi (1996) % -, o v v | Heuristic
Nagy and Salhi (1998) v 'Lw/ A ). v v v Heuristic
Perl and Daskin (1985) v v ':"' - v v v Heuristic
Srivastava (1993) v R v u v v v Heuristic
Tuzun and Burke (1999) v /-H v v v v v v Metaheuristic
Waszen and Zapfel (2004) v v v v Heuristic
Wu et al. (2002) v Metaheuristic
This research v v Heuristic

ARIANTAUNNIINYAY

¢c

22



23

1.8 Research Methodology

This research is undertaken in term of the operation research approach as

roblem (2) formulating the mathematical

mentioned below: (1) defining ther

model, and lastly (3) solvin

roblem statement

Ope and assumptions
l2rBblem decisions
bjectlve

Define the. reseg

D L dathematical model

ronlaom LI aTINITION. . STAno

blem e ngthe state'@nt and the scope of the

problem under Investigation. The research problem studied here is defined based on

AUBINENINEINT

5|tu n is widely expanded in every area of raw material collection activities.

1h numerous implications ofﬁe reaI world situatiemare interested and v

iﬁ' ;a %ti*o ulfi eIe ents}x nﬁieq gl‘
always an abstraction of the real situation. As Taha (2003: 1-10) revealed that the

majority of applications in operation research usually involve approximations. The
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assumed real world is abstracted from a real situation by concentrating on the

dominant variables that control the behavior of the real world system.

In this research, the loc tlon allocation and vehicle routing with step—
price policy problem has begq i d
discussed in the proble

problem, the descrip |,orLo , the study, and specification

{ The problem under consideration is

rc scope section. Elements that
zed. The statement of the

——

of the limitations under ) ‘_ rates are identified.

\\ \

ed are the location and the
, of selected suppliers

f alec ‘n_i p 8gs to collection stations,

\‘ ! .
uies referring to the number

problepicon8idered is to maximize the

ollegtion system.

elated to the conditions of the raw

pﬁ;ﬂje policy, vehicle
NJ

Mo ormicimtu 8
1.8.2 odel Formulation Stage

iaﬁieuiﬁiﬂ;ﬂi’m?ﬂ dLd

prob definition into mathem?cal relatlonshlps The mathematical mo e

q WIAGNTISEH WIINBIAY

this research, an integrated model of location allocation and vehicle routing problem
with step—price policy is formulated. The model formulation should be performed

relying on a computer—based analysis even though the problem statement is confined
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to more than the real world situation because the formulation can affect the solution

of the problem considered.

In the development of Ioc tion allocation and vehicle routing models,

flow formulations have appeate st W|dely used (Albareda-Sambola et
al., 2005; Ambrosino and=geutel

)5: Bookbinder and Reece, 1988;
Hansen et al., i 3 1; Or and Pierskalla, 1979;

added. Althou J i are very\ flexiale g/mare complicated to be

solved to optimali ' “sizeand stru e, Approximated algorithms are

tool or method is selected for
solving the problem. Since" r’ location a BN and vehicle routing problem is in
_ ' iost algorithms are approximated
r ﬁ(\j‘ s. Exact methods
7 ‘djres can only tackle

general NP-hard problem;

algorlthms@
provide sngﬁl Ft
relatively smam‘ nsta

g
Scutella, 200 ookbinder and Reece, 1988; Even et al. 4: Labbé et al., 2004;

aporte, 1988). 'Iﬁaﬂul methods mostly Nosed recently are heuristics (Aykin,
Sﬂ

lems (Ambrosino and

arekgj w&*vi ; gin f i 81 1989;
Wasner and Zaptel he metaheuristics such as simulated

annealing algorithm and genetic aI‘mthm that are mogtly, applied for solving ghic

RN #ANHRS

1999; Wu et al., 2002).
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Based on the literature, heuristic solution methods for location
allocation and vehicle routing problem are performed in two types of sequential
methods that are location allocation routing (LAR) and allocation routing location

(ARL). In the location allocatig
suppliers or customers ar 2llogats Zﬂities and routes are finally defined
(Lin and Kwok, 2006;Nag Sandhcatt ﬂet al., 1981, 1989; Srivastava,

1993; Wu et al., 2 ) ppos’f wa@n routing location (ARL)

(LAR) methods, facilities are located,

allocation routing$ & er. wit & : \ approach. The heuristic
solution approdch igffdlivifleg, i o-three Stage \1&5“\ be termed as location
allocation stage, rgifti ,*" k ,‘ - supp! \ screening stage. The first
stage that deals wi nstructior ' .: hitial %8blution relaxes the problem
considered from location 3 _ : BlE routing problem to uncapacitated
facility location proble -r-f?’?_-#_.ﬂtgg-;{_ ) Biso location allocation stage, the
routing m@

system cos ' i

both potentialEas of s

The set of seleCted supplier giving highest value of maximum possible profit will be

carri ving i tages_of | jon i routing.im ement in
R Clap EIE T et ot e

and q’cussed in this dissertation.

ARIANTAUANIINGIAY

80 utign in term of total
_lmJtage which screens

ki
=

ntial 'jﬁi of selected suppliers.
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1.9 Thesis Structure

The outline of this dissertation is as follows. The relevant literature is

reviewed in Chapter 2. In Chapter 3, the integrated location allocation and vehicle

routing model with step—pric ylated. Based on the complexity of the

problem, the heuristic so f three stages which are location
creening stage is developed

t

allocation stage, routi

and analyzed in he summary and future

research directi

ﬂUEJ’JVIEJVIﬁ‘WEJ'Iﬂﬁ
RIAINTUURIINYIA Y



CHAPTER II

LITER RE REVIEW

problems in op@ - : tlon problem, the vehicle
routing problen, th i0) 1gep irs e problem involving in
the location ) is*riefly feliewed. 'f"‘n‘.,\.g : Blicle routing problem is
concisely presentg” Th integrating ‘1:“'-..; problem and vehicle
routing problvem whi 0 be the /ma " - consideration is lastly
presented. Sin rd ran ge Shectivesy hieliyhas been presented in
| | s associated with profit
Y

maximization Wi Y I ofinitior th \u-,\- e development of the
! B ! %

problems as well a§ ' acivare reviewesl ingiis chapter.

 the perations research
A%,

rja set of potential
Ticonstraints, while meet

locations, sele glverr'
the required o ctlves Four major components characterdu; location problems are

1) ci,itomers WS ﬂpresumed to be alrewlocated at pomts or on routes, (2)

w El I| ies ;i'e located,
a metric that |n icates dIS ances or times hetween customers and facilities. For

issues of problem formulations see‘rarup and Pruzan (€00: 37-48).

ARSIk ANUIAY

models which range in complexity from simple linear, single-stage, single—product,
uncapacitated, deterministic models to non—linear probabilistic models. ReVelle and

Eiselt (2005) have reviewed a number of important problems concerned with the
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facility location both from a problem statement/formulation standpoint and from an
algorithmic point of view. Lucas and Chhajed (2004) have presented a survey of

application of operation research—based techniques to location problem especially in

agriculture. Model formulations sy J?/ork location models, continuous location

f ave been summarized in Klose and

network is to determine the

least system cost So th j Jireme 0 ;~ pARliers or customers are satisfied.
However, on i i S aris om the location problem
; . .l ' ; ’ o "\, . .

is the investigagi v ng N\ operatii ipply chain system. Few

studies have addrgg i ‘ ;,' ation. "‘-.;x of profit maximization

g supply chain design
a customer’s demand has
been studied by ‘
maker needs to open Some Ff""r temand could be satisfied from the

local facility, and total 'A“ ‘r -W

been develow

addressed t
L
armule
u.

and Smilowitz (wahere profit maxrmrzqgobjectlves were combined to cost—

ARG INENTNYING

The decisions for locating single facility in which customers were served and

}ice of n@roduct in order J maximize_total pﬁ were presented in
q RS ERAT E AR

predetermined number of collection centers as well as the optimal incentives offered

eyerson (2001), decision

aid an approximation algorithm has
idered™hy Shen (2006) has

o e e e = e S e o |

different regions. The

problem was s,s'ra ved by using branch-

and—price alg Another profit maximizing location md%l is proposed by Adler

by the company to product holders depending on the condition of their used items has

been proposed by Aras et al. (2008). They have addressed the problem of locating
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collection center that aims to collect used products from product holders. The
remaining value of the used products that can be captured by recovery operations is
the company’s motivation for the collection operation. Each product holder has an
inherent willingness to return, and

| ’ e decision on the basis of the financial
incentive offered by the campanys T he # depends on the condition of the
returned item referred ¥ \ e, }(%ethod was set to solve medium

igp. operation of the company

so the decisions : cte peadiets from collection centers

to disassembly ce i fact Iring fitieSsaesout of the scope of their

The vehi : rr‘ ':' 1 RB), first 1\% cag py Dantzig and Ramser
1y st ! 1alNgptimization problems. The
2 find g, (F sequence of pick up or
delivery points whichi DE - Visite a startihg and ending at some depots.

Nowadays, the vehicle routis

uting=problem-| ieen. explored in problem structure and
IR L

discovered -4y, soluti
applicatio r-.-.-_-:—._—T::._? investigated. For
example, .';; | SE
vehicle has aﬁted capacity. The VERIcCIe routing problenﬂ'Jyvith time windows, in
one hand, is the woﬁn considering every Wt has to be served within a certain

Uy INSMINY AT

b thepretical and practical

situation that every

Vig(s!OOZ). ¢

AIRINIUHRIINIRE

solve this problem increases exponentially with the problem size. The solution

methods applied for solving vehicle routing problem and its variants is raised rapidly
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and performed good performance both quality and computational time’s point of
view. Abundance and variety heuristic solution methods both constructive heuristic
approach and metaheuristic approach have been proposed in literature. Some classical
and modern heuristic methods fo
Laporte et al. (2000). Hereg hie

icle routmg problem have been revealed in

to research problem, which are

capacitated vehicle routiggspraplesn oblem with time windows, and
-E‘!-‘ 'H

vehicle routing problem-w

M int problam. i "Vehicle routing problem

af every\vehicl . capacity of a single

The cap

with the additi

"a.

commodity. To o0 ) ave re Lalgorithms based on the

branch and bound ggbrog 4..1 tion of -. shicle to tlng problem where only

the capacity g#hstraifit i§’ obnsidare al ‘.“ D3) have studied the

N
capacitated vehiclgfroutihg gro njx,f { \\ \\ apacity, fixed or variable
; v
distance traveled by all the

number of vehi€ d a jecti

vehicles. They devgfope hebﬂ

u Igorlt several new cutting planes
for solving the prQ oM Mt

as\@enetic algorithm, simulated

annealing, and tabu searc - 01ve the capacitated vehicle routing

problem, for examples aoui (2003) have proposed a
D é;}bd vehicle routing

gramming method

competitiv. o
problem. T&‘ i

for solving theﬁ‘é}acita

The vehlcb"rﬂng problem with tlmwdows is the problem that routing is

ﬂ‘u HanHanInyInNg -

travel time and waiting tmv needed to supply E! customers in their r u ed

q RIS UAIINYTEY

Liu and Shen (1999) developed a two-stage metaheuristic based on a new
neighborhood structure to solve the vehicle routing problem with time windows. They

constructed routes in a nested parallel manner to obtain higher solution quality. Tan et
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(2001) have investigated various heuristic methods (genetic algorithm,
simulated annealing, and tabu search) to solve the vehicle routing problem with time
windows. Bard et al. (2002) studied the problem of finding the minimum number of

vehicles required to visit a set S;subject to time windows and capacity

constraints. Each node require service. An exact method based on

branch and cut was intr@uce : : tudied a variant of the vehicle

characteristic of t v i ,_*;7', n at aver r slistomer has to be serviced
and that, normally, > j clated with th jce."However, this problem
proposes to select#rti " g : it vallie Wit is gained when the visit
occurs. Feillet et alr_ 005): ha Ve ela tray Iing salesman problem with
profits and vehicle rdutlng hlei ‘.,.::"_ S, The vehicle routing problem with

profits may be see

objectives @

ag_problem with two opposite

)he other inciting a

deliver to rhl in me} This problem has
appeared undel}vera ur pro l m and the orienteering
problem.

Ll mnﬁmum 1§ e

(2005), Butt and Cavalier (1994), ?utt and Ryan (19 & Fischetti and Toth (19 8)

IR SN HINY

number of days. Each day, he had a limited amount of time to visit some chosen high

schools and come back home. A reward was assigned to each high school based on its

recruiting potential. The objective was to visit a set of high schools maximizing the
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recruiting potential. They proposed a greedy algorithm for solving this problem.
Butt and Ryan (1999) have faced the same problem, but they proposed the classical

set partitioning formulation used in column generation procedure. Chao et al. (1996)

developed a new heuristic for soluing t r
Their heuristic consisted_afaMioVste j
cheapest insertion_cost-0nto-the | anges algorithm was used

to improve theM" ing e e acitated vehicle routing

problem with profi ' Aksen ‘antRALaS2005). In their work, a single

nteering problem without time windows.

fation and improvement. Firstly, a

der to insert the point with the

vehicles was=8tUdi echthel idroinaNprof™analysis for customer

selection. The ¢ ! Na thwas no 3Sitive was discarded from

In today’s logisti [ 1ainhodels involve making trade—

offs between more than :{‘)?" eSS

reflective o eaI snsions (Mi 2002). ,An integrated model

@R, within the supply chain as it is

between a Illlll-llllllll_lll'llll'-llllllllll-iiiiiillJll-i':Fiiiilﬂ' h multl—functional

researchers md

problems h r'l Ment. Though some

rategic probleMwhile the routing is a

ted that the Toca

tactical problem ('u E can be redrawn frequw locations are normally for a much

ComJ #HIY ﬂw‘mmm.;::zzz

chan

9 mmmm HRAINEINH

location routing problem (LRP) is defined as vehicle routing problem in which the

optimal number and locations of the depot are to be determined simultaneously with
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the vehicle schedules and the distribution routes so as to minimize the total costs.
Nagy and Salhi (2007) have defined the location routing problem from a hierarchical
viewpoint that it is a problem which aims to solve a facility location problem (the

jeliabthis, it is simultaneously needed to solve a
‘ 7} cafion routing problem may be stated

omer sites, find the location of

master problem), but in order to g

vehicle routing problem. C@RSt

the depots and the route tthe overall cost of depot

The | ‘ IS \ el [yl @¥fficult than the classical

; g i TF o W : . .
location problery v abi lity\is, 1ocatee, theglacation routing problem

requires a visitati rs, whereas the classical
location prob F 1 fo customer / supplier
Therefore, the di t blem ignores tour when
locating faciliti€s an \‘\- diStribution cost. It can be
concluded that fa 'L.« ¢ ocatl ilities and vehicle routing

In reviewing the Io ‘y (0 , .'}'J" 9K we concentrated on the structure of

the problenmyyefe rt ore, the solution

approach is‘ |mple problemin a

n}ﬁr h . mgi%[ayer with only single

uncapacitated

AR NS Wiy

rout problem Nambiar et al. (1981, 1989) the specific problem of locating central

bber processing factories to roﬁess smallholder’sébber collected daily M a
q WA e I VR e e

capacity and biological time windows were included in the model. They decomposed

location routi

|
ility and single uncapacitated vehicle. ‘Ml

their problem into plant location problem and vehicle routing problem. Heuristic

solution methods for single depot case and multiple depots case were proposed.
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Customers were clustered according to the capacity and the maximum distance
constraints of the vehicle. Then for each potential depot and each cluster, a traveling
salesman problem was solved. Perl and Daskin (1985) studied three layers distribution

system consisting of supply sour i p bytion centers and customers in the location

routing problem. They first iptrs ot of iterating between location phase

as an integer linear problem

.mmm pllc@nuutlng phase used a saving

problem for

to optimality in 8

Bosedhof multiple facilities and
multiple vehic ith limited ¢ .i igered by Srivastava and Benton
_ eql in \ roblem considered. They
presented heuristic hased orFthe-moves and ac : in the location phase. The
routing phase was soIVed USTRE ' m. The very similar algorithms were
proposed in Srivastaya '“f':u;' Fuzun an ' £999) have considered the same
problem ax_ as (1993 D abu search for the
solution ofb ] ,tﬂjortkjaer, and Obel
(1994) have mﬁ jified and '_'skin (1985) in order to

provide an |mproved formulation based on flow varlables and flow constraints. A

LI U LI £ aEa bt

Whl(”he hub locations and the service types for the routes between demand points

are determined together. A mathen(ucal formulation afihe problem and an al
13I8 ARG R

manner were presente

Wu et al. (2002) have considered the location routing problem with multiple

depots, multiple fleet types (heterogeneous vehicles), and limited number of vehicles
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for each different vehicle type. They present a decomposition based method for
solving the multi—depot location routing problem. Each sub problem is solved in a
sequential and iterative manner by the simulated annealing algorithm but with a

simpler neighborhood structure. t z (2007) have investigated the capacitated
i

ofl’ facility and vehicle were limited. A

Wposed. The heuristic started by

clustering customers-accoraing; to vghicle meach cluster, a traveling

ally, de. Ca

Such a i syetem Wit iple, [BYels, multiple capacitated

In the problem, P’ se ETates : €8 Wehe aggregated at terminals
before sending ' 15 The ) _ | e O plicated than the basic

location routing p in whieh Jothicd s8an@lsuppliers were needed to

associated (with, ____ deterministic and

; ._gﬁgqved by applying a
rounding proc@re to

as th'_;' applied to select new
subsets of open Tacilities and to operate current routing sub problem. Ambrosino and

Scuteba (2005)_hav djed.co IStri r ignpro s, which
in facilit at'i‘ ihg Btr S a Ve oﬁci ns. Their

distr“tion network system is made up of four layers which are supply points, central

depots, regional depots, and dema‘(ﬂ oints. Both dirﬂ_e lenishment and deliver
TR RIING ot

each client, whose emands are specffied In units bf a single representative

commodity. Also, the location and the capacity of each potential facility are known.

Furthermore, they assume to know the maximum number of vehicles available for the



37

whole distribution network and the capacity of non-homogeneous vehicle. Two
kinds of mathematical programming formulations are proposed for all the problems

introduced.
investigated in the locatiomg Z!'/

known a priori then “Uneertai ould be into account in the model.

em and dynamic problem have been

fority of location routing problem

mistic models. In practice,

travelling time may not be

Simchi-Levi ( a0 L blem and extended to
capacitated saleggien. ime heurs; \ -‘,\. esented for the case of
network and modifj nar tocaiion. € he \_: formulated a multiple

depots, multi i ioffSFe proble 't'vchastically processed
v o 'outing were proposed to
solve the probléEm. THE p Were ed DYAtaking tie expected value of the
random demand, aj i W ~F g anplied \ ng a minimum length tour

ol “Fee (@003 flave considered a stochastic

customer demand and incl N the location routing problem. An

initial solution was founek l!*';-;:?f“ 8. For each cluster, the depot was
located ne@ hlgm was solved. A
i " rﬂoves drop and shift

sts wﬁevaluated for possible

for the Iocatloﬁhase

move.

mﬂwfmﬂmwmm;z:;:

of r catlng existing facilities vd re—routing veh les. Nambiar et al.

o RIRNTLIRN ARTINEIAY

re—opened later. Laporte and Dejax (1989) considered multiple planning periods,
whereby in each period both locations and routes may be changed. The network

optimization problem was solved to optimality. The problem studied by Ambrosino
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and Scutella (2005) found that the problem was extended to analyze the four layers
distribution system during the time horizon

ﬂuﬂqwaﬂﬁwﬂwnﬁ
QRIANTUNNING Y



CHAPTER Il

THE LOCATION A CATION AND VEHICLE
ROUTING P-PRICE POLICY
Thischap‘(‘ ¢

' C olgm. Neflienly location decision,

or the location allocation

and vehicle r

Ng@ustates supplier selection

decision due 0 the gifectSt slegm ice parar %\l trade—off of the model is

between revenug®and gOtalfsyst : \cl‘\u\_\ M maximization. The

numerical examplegS pr@vi

[

The chapter e onganize @0 explaining the important

,
K
i

decisions in raw ‘mategial colleGHON Sy is |d fied in Section 3.1. Problem

description is describgtl in SeCtiona:2. As and notation are given in Section

3.3 and 3.4, respectively. The.mm i vill be proposed in Section 3.5. The

numericalﬁpl [ d in Sect | ccfusions of this work
are presented mSection37, 25 _J)

(o

£
3.1 Introdwtion -Mi

Augimunsneyns -

factﬂs, allocating suppliers or customers to each service area, and transport plans

VEEING Lall m sl yte ol 5 ' sinduistey Jhas ifi
Q wge hﬁn e t($ ' r&h tabishi t I n system's
q as perishable product affécting collection time and incentive system influencing

collected quantity. The analysis of factors needed for setting up of a proper raw

material collection system is determined as in Figure 3.1.
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Aspect Factor

Number of collection stations
(How many?)

Number of collection stations
(Multiple collection stations)

ction stations

Location of collection stations
(Where?)

Supplier—collector relationship l
(Contracted suppligis

Number of supplier included in
ystem
(Which supplier is included?)

w %% Number of supplier allocated to a
ection station

supplier is assigned to

% which collection station?)

%

Transportati shipme
(Routing shipmegt

umber of supplier in one route

ich supplier is selected in one

o ‘))

\ o Number of vehicles used in
outing

hich vehicle is used in each

route?)

, ropriate number of
o
collection statlm has to ced cos | collection stations is

likely to impact on, the number of collection statlons Not only the number of open

collegtiostatignsy b lQgation,ako : 10, Stati analyzed
as .Ouogj)n isi Qb mi Htan etiveemlcollection

statl ' and both suppllers and the factory For supplier factors the number of

IR TNEAE

the higher transportation cost. Apart from this, we should decide which supplier is

assigned to open collection stations. Selected suppliers should be allocated to proper

collection station so that the system costs paid for raw material collection is
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minimized. For routing factor, in order to implement routing shipment which is
more complex to operate than direct shipment, it needs to be determined what the
routes of vehicles are. Both suppliers selected in the route and number of vehicles

used in routing shipment have t d. Therefore, the optimum raw material

f to be examined by the collector.

Ioca and vehicle routing models

collection system is a chall

For the last t«%

——

: number of facilities to locate
(single facility or multigle i ies), B . apait onstraints (facility capacity or
: _ . \: Bf the objective function
(Min et al., » ' 07). Givenisetief sURplliers or customers, most
studies have extensi At _,"~ S0 8 ‘, x e total system costs in the
range of vari i nvironments suer wltipl vhierarchical structure
(Ambrosino and v i chicleltypés \*u‘i et al., 2002), demand in
stochastic situation al. 2 i ga) 2008), and planning in dynamic

#981). Rarely does research

address the profit maxifizi blem:T gearchiinodel hence undertakes other
viewpoints by introducing tHe=5tép—g ice €y environment in the model. In the
step—price circumstance; ’:':“:? q ;n_ﬂ;-ﬁ, g different raw material prices. It

can be sal@ p—price policy is price—quantity depende

dition. Since each
4 10, Lﬂe difference of raw

material pI’ICESM IS ess S mclu d in the system.
In the de\dwnt of location allocgiign and vehicle routing models, flow

BHHANUNTNING: .

Hans€n, Hegedahl, Hjortkjeer, and@bel 1994, Laport 1988; Nambiar et aI

A RIANTLIT &l NYINTINY

routing flow formulations. Hansen, Hegedahl, Hjortkjer, and Obel (1994) have

modified the integer linear programming formulation of Perl and Daskin (1985) in
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order to provide an improved formulation, based on flow variables and flow

constraints.

Consequently, the model inve

ated is extended from the basic model of

The ai i ch is-te-set up-@properiawn ial collection system. In

where collected raw n»,'= to. There are two levels of raw
material tr@ t @ation between the
supplier ar@ | Jis accountable for
transportation l;ﬂ!'jwee , facf@

system can be"S€en in Figure 3.2. For the first level, one typ® of capacitated vehicles

is dispatched fr n’; Hection station to visit of suppliers_in order to collect raw
mﬁl. eﬂe callec %}s 13| cogipl %}ﬂle will refurn to its

collﬂl’on station. The collected raw material is then unloaded and prepared to deliver

. An example of the

to the factory. It is assumed that elh collection statiog@has its own vehicles infiigdich

IRIGINFIURIINLINY

collection process is affected by the limitation of vehicle capacity and biological time

duration. For example, if either the capacity of vehicle is full or the collection time is



43
met the biological time, the vehicle has to return to the collection station. For the
second level, larger vehicle will transport collected raw material directly from each

collection station to the factory.

2" Jevel
(Collection station & Factory)

Fixed

1% level
ollection station & Supplier)

Supply

jon system

In the sys em' est| jce o\, y Is set by the factory. The

»ﬂf-n?‘f

factory has incentive policié s to Tacilitate more supply quantity

to the factory. Raw maten— price ) station is assumed to be the same

price Whllw AN Vi a}EO ding to step—price

quantity le Jscount function, the

r ..
step—price steatu llow Figure 3.3, where
q,,0,..., represeft step—price quantity fevels set by the fa l) , and p,, p,...p,stand

for the step— pnceﬁi&d by the factory, res er

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw
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Due to step—pri ctor » lleet a large quantity of raw

material in order t eive--a-higher or Yaw material at the factory.
Nevertheless, when a colle 1‘;59 : uppllers, the collection cost will
normally ipegease cach Ipplys hence each set of

Selected su ,y.m.....-.-_.......; ' erent revenue. On
the other hand 0 fg S on the system cost
(collection staﬂ}jw fixed cost, vehicle fixed cost, and trans&ﬂtation cost). From the

example presenteddin Lable 3.1, it can be obs that step—price policy and a set of
pie p v & p-p policy

AuET NENININT

sets selected suppliers show dlff?'mg profit. In addltlon to that, the profit from set

q WIASNTEIR URIINYINY

be higher than marginal profit as shown in set {1, 2, 3, 4, 5}. Therefore, it can be
concluded that by adding one supplier to the system, total collected quantity certainly

increases; however, the profit value may increase or decrease depending on step-
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prices and a set of selected suppliers. In step—price policy condition, it has to be a
trade—off between revenue receiving from total collected quantity and total cost both

fixed cost and variable cost if we want to get higher step—price level.

Open
Selected —— ) Allocated
) collected..._Re collection )
suppliers ‘ o - ) suppliers
supply 7 | €0s . stations
™ b N 1 12
125 = '
' : 2 5
Iy
345 ” E" ’ c\“} 2 345
2345 e 'M @l\ 2 2345
; - \ 1 12
1245 A6T
2 45
‘ h 1 12
12345 ) 2488.8 —
2 345

= o

=Stdtion location
[ e

n || . )
Colicction Collection ! Supplier selection

= —
Station | 1 Station #7 |8 Allocation

s

q wmn 03 m Nenas



46

By given a set of possible suppliers, a set of potential collection station
locations, and a factory, the decision of the model is to determine the location and the
number of collection stations that need to be open, a set of suppliers included in the

system and the allocation of sele ligrs to each collection station, and a set of

velfiicles. The objective of the model is

I lue from collected raw material

@al collection system under

) stations have unlimited capacity for
keeping collected ray al ,f,;. , ore -t g 1@ the factory. The collection

process from all selected supphers-to-the imis assumed to be finished within the
Fi BTN

same day. Fhere i in rawwmaterial collection.

The Capac ';___——— I --- collected quantlty
from each ¢ ; '_5. 7ehicles in which the

number of verﬁges availability 150

collection station.ih e is one vehicle per owoute. Each vehicle is operated only

AU AN I NS

timeﬂration. It is assumed that tr?loading time is proportional to the supply of the

QRIBINIUARIING TN

any time. It is set that only one raw material is considered in the collection system.

ed. Each route staﬂfj and ends at the same

Quality of raw material is assumed to be one grade of quality. Supply of suppliers is

deterministic supply. Raw material price at each collection station is assumed to be
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the same price. The step—price policy is set by the factory. The step—price policy

considered here is based on step—function. The revenue is linearly proportional to

collected quantity. Inventory condition and traffic condition are not considered in the

W)/( and vehicle routing problem with

step—price condition-idithe Sta nvironme

system.

This study focuse$«g a

0 \ tIOR station and the supplier is
{arty for picking up the raw material.

DE rented out from a car rental partner.

both the_vehicle’s fixed cost
Y Qndent on the total
,Mselected suppliers.
[’

—

e i

-ét' The transportation between the collection I tion and the factory is
‘sﬂad to subcontract to ffig#transporter such as logistics partner.

AU RHATHAIN
M7 mﬁmwﬁwmﬁ:m

vehicle, transportation cost between the collection station and the

A1
-

supplier, and transportation cost between the collection station and

the factory.
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7. The setting up of raw material collection system studied here is

assumed to consider one period only.

8. One type of capacitated vehicle is considered, and the vehicle

capacity is

9. FSet of vehicles. Each vehicle is
aseumed t , ion Only.
10. Tr. ogical time are assumed to be

aveling distance while

quantity.

and is assumed to be

Ohuse the same price for raw

(A A _ N !
13. AI ‘----’—Ib---ch- quantity levels at the factory are

known:i ﬂ‘_’,‘: '5"‘_'.. ._g.'

4-The-first-level-of step—price-is-assumed-notsettial to zero because
ﬂ; pegins at level 0. This
¥

evel 0 singg raw material purchase

,IH means tha

ence at collection station e&}Is to raw material selllng price at a

ﬂ u gj j [ ﬂ]j level 1.
It is typically "assumed that the relationships of Step—prices

are price, < prigg <...< price, .

q W’] AYIATHUNIANGINY
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3.4 Notation

The sets, indices, parameters and decision variables used in the model are

defined in this section.

Sets:
|

J
\Y
T
N

Indices:

jpresents the transportation cost per unit g !
sta‘o § and factory, jeJ

U ae%ﬂﬁmwﬂn A~
Wﬁmmmumawmw

represents the raw material price per unit quantity at factory at step-

ity between collection

price s, seT
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Parameters:
Si represents the supply of supplier i, i€l
Qs represents the minimum quantity level at step—price s, seT
€ represents the vehicle t y collection station j, keV, jeJ
ek IS |on station j ; otherwise e, =0
L apacity etween collection station and
Ogh &l_g,l ; a [a\V/( J_‘_- [ 5 and node h, g,hEN

i represefits th

B epr, ts 4 iblbgical tit ed to the perishability of

Decision varialé

Ys

fone ' JAuantity-transpofteddfrolp M8de 9 to node h with the
W, pBned, j € J ; 0 otherwise

Z; fided in the system, i e | ; 0 otherwise
u

< T ; 0 otherwise

ghk | 4 — 'Zé;)he route of vehicle
' J

3.5 Mathemegl | Model

fl UHIRBNTHEIRT:

can be formulated as follows

RLLE ARIRIURIINY ﬂ ¢

+2, 2. 2.0 fy)

heN jed kev
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Subject to
SZT:ys :;Sizi (3.2)
OUs < Y5 < 04U VseT (33)

o \I///. (3.4)
igx"kz § 1////{//__2 (3.5)

ZZX "l — (3.6)

ge%;th Yo ™ / 3.7)

hNZl; R (3.8)

Z‘ i = By (3.9)
iezl Xijk < ekj . i . o~ !- I'". » (310)
gENZ;J#i fo + Z Pk . - 4 V' .‘ ‘ i (3.11)
geN%i Fo < (3.12)
fone < WX (3.13)
QZ’\:‘ hegh:#g t‘; &) » (314)
y, >0 F.'|i | ;@l (3.15)
fgn 20 ‘ g,heN, k (3.16)
W S (3.17)
uﬂ?ﬂﬂﬂiﬂﬂ’lﬂi
T (3 19)

ok € 0 1} g,he k eV

QW’]Mﬂ’imﬂ‘Wﬂﬂmﬂﬂ

The objective function (3.1) aims at maximizing the profit of raw material
collection system which is the revenue from raw material collection minus the sum of

raw material buying cost, collection station fixed cost, vehicle fixed cost,
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transportation cost between collection station and supplier, and transportation cost
between collection station and factory. In constraints (3.2), total quantity sold at step—
price s is equal to total collected quantity from selected suppliers. The constraints

(3.3) enforce quantity sold at step

st be in its step—price quantity level. The

selected This implies that only one
7 rs will be visited only once by

conservation constraint is

: ‘“"\- ongfhaints (3.11) state that the
%

: ‘.\ S\eC ‘,‘~.~\ to the amount of quantity
. M Y
received by thatgSupp us itssown sipply. The s £
"‘ 3 . F R
subtour eI|m|nat|on on aﬁ\ This .', “s"that thefguantity flows out from the

ts (3.12) represent the

supplier’s point | be lQwer- 'r:.‘-m;' antityhllows at the supplier’s point. In
*“'"".r"ﬁf

capacity constraints (&713)# ust'ot be larger than the capacity

of vehicle. The constraints #. 14 ,y avelling time in the route of vehicle

k and loadht e ting Qute must not exceed the
biological § *"*" constra and (3.16) restrict vaifables y, and f, to

CE.\JI&NES w;,z, ugand
U

ﬂwaammﬁwmm

In this section, we solve nu?erlcal examples of the problem considered usmg

QW’TM?WEIW%WW&W?J

research such as supply of suppliers and step—prices are based on the historical data.

non—negatl

—

Xg 10 binary,lf pectively.

In general, for one factory, there will be 30 — 40 collectors delivering raw material to

the factory. However, for one collector, the number of suppliers varies according to
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operation area. Both supply from sub—collectors who can be defined as suppliers
with large supply quantity and suppliers or planters who will send to the collector.

According to the survey area, one sub—collector has 30 — 40 planters, and one

set according to
Biological time (

set as 1, and loading e pg fif\ 3,0"828zand 0.05. Data generation is

shown in Table 3.2

Table 3.2 The pagf

Paramy Jata gégeration

Collection statieh fixg L8 )1 Onif : o \ 0, 50], related to historical
; : ‘ ; » \
Vehicle fixed cost ( 4] r{f___’-_'ﬂ"‘ of QutiBf [25, 35], related to historical
T '
Transportation cost pe Tt 0.25. afed to h

iElrical data

between ca 1E " ion-station-and

L}
etweeﬂollection station and

=
Transportation‘[‘kﬁst per qu
between collectiongstation and factory, related to historical data
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(1) Example case #1: 2 collection stations, 2 suppliers, and 2 step—

prices

Two potential collection stations, two possible suppliers and two step—

gtigal model. To verify the mathematical
/gg if mathematical model by the

prices are provided for verifyj

model, the example ca
AMPL/CPLEX 8.0.0Salyer*and;

mathematical moaeﬁau

received from total en

Xtended merations. The results from

port=the si n with maximum profit as

Table 3.3 The n m as
Supplie n Supply
1 4 Y Y ! 164
2 ' J 9 251
Station ordina ( Y t Transportation
Y I cost
*N (Station
' &Factory)
1 0.112712
2 9 0.111463
Factory Coordinate Y
1 39
te ~ Quantity
A1245<Q<2075
207.5<Q
: e )
Transportation cost 1110.25
Fiﬁﬁ cost of vehicle U 32
Capagity of vehicle 500
Loading™i r quantit 74 0.025
r ngltime ¥ 3l
iglogigdl tifne

RN TUUMINYAE
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Table 3.4 The result of the example case #1 solved by mathematical model

solution method

Profit = 22.183, solve time = 0.04. €

Collection )
station Total load Total time
! 415 268.5447

Table 3.5 The r ple cabe #1 Solvetbystatalenumerations method

MM &‘\ \ R, Profit
1 I/Ig .\ \\m -81.225
2 114,612
3 19.163
4 22.183
5 ‘ 72518
6 f"{{-':?ﬁ*f* " = -43.159
! —— T -1- -4.677
8 o SR 12522
9 1-31 -51.384

M 224

10 12 ~ s1-281 -14.022

ARIANIUNNING IR
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(2) Example case #2: 2 collection stations, 10 suppliers, and 3 step—

prices with selection of all suppliers

Two potential collection stations, ten possible suppliers and three step—

prices are provided as anothegs flgure of the example. All data relating to

the model is shown i ' / Integer Programming (MIP)
problem by the A ‘r--~-.‘_/' EX the numerical example is

——";-

7 a‘- 300 Igat Supply

190

67 - 220

11344 1 177

1 - ' ' 233

217

Y - Fi\ Y% 164
: = 242

6 158

OO N |01~ Wi
[EEN

215

| BT 4 202

[EEN
o

Station Coordinat : Fixed cost Transportation
- T cost
) (Station
&Factory)

1 ’ 0.112712

2 ™ A 0.111463

Factofy Il Coordinate Y
' 84 39

Stepin Pricu Quantity

1] Raw materlal cost ; 1.75

Transportation cost (Station &Sﬁplier) £ 0.25 QJ

i i ‘ : F : A3
f vehi ‘
di me p ‘ ; .0

Traveling time per distance 1

Biological time 1800
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Table 3.7 The result of the example case #2

Profit = 556.838, solve time = 17058.9 sec.

Total time

Total load

Route Total distance

Collection

193.7259
291.4080
315.7622

10 S1 S2

8 9

7

0 677 0

0

10 S1 S2

8 9

7

0

0 177 0

0

0 552 0

0 754 0

0

10 S1 S2

9

0

0 587

0

0
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(3) Example case #3: 2 collection stations, 10 suppliers, and 3 step—

prices with no selection of all suppliers

To present the case wit no selection of all suppliers, the data of the

example case #2 is adjusted @ ¢ able 3.8 (transportation cost between
collection stations i nged \fron 25! Solving the Mixed Integer

800 solver, result of the

Bsdomot include in the system.
In case of a suppligj supply i  distance cost will not be
' gh supply despite the

fact that he is | v ar 0 collection, stations, d luded in the system if

er a OV é'
I #

v, 7
| v /ot
." -‘H“ =
¥ 'nf’.l'_ i

F -

overall revenue is '

ﬂﬂﬂ’)ﬂﬂﬂﬁWEﬂﬂ‘i
'QW’]Mﬂ‘SfUNW]'JWFJ’]ﬂEI



Table 3.8 The data used in the example case #3
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Supplier Coordinate X

Coordinate Y

Supply

1 41

191

190

67

4

220

102

177

153

233

92

217

182

164

OO N[O |01~ W

=
o
\

Station

1 / frir 4
Step | . ‘ €

i f o =

2

Factorydl & | b= t

242

158

215

202

Transportation
cost
(Station
&Factory)

0.112712

0.111463

Coordinate Y

39

Quantity

605.4 < Q < 1009

1009 <Q <16144

3 : =
Raw materia 2
Transportation cost (Stati :
Fixed cost ofa

P

il

1614.4< Q

1.75

1

32

0

5

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw
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Table 3.9 The result of the example case #3

29259.8 sec.

Profit = 203.371, solve time

Total load Total time

Route Total distance

Collection

304.8776
66.5632

222.8387

10 S1 82

8 9

7

0 0 78 0
0

0 394 0

10 S1 82

8 9

7

0 215 0

0

0

10 S1 82

9

8

13

0 0 O
0 0 O
0 0 O
0 462 0 O

0
0
0

0
0

87
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3.7 Conclusion

This research develops a mathematical model for an integrated location

allocation and vehicle routing problem with step—price policy that is faced with the

well as a set of PreHmifary It
maximize the of : ated in this study. The
determination_gfi¥ )

conducted under the

consideration of ' adéncel capac “ghicle, and collection time

duration.

The \ of determining the optimal
raw material collg€ti [ ; naximi iteRiln under the extension of
step—price policy en e used for both \‘\‘ e and multiple step—prices.
For single step—priCe, t mini sYstem cost instead of profit

maximization. The collectdpicanapply, 4 s foMsetting up of a raw material

collection system. J-" ‘.;
Ge@ y

are very Iar&e

'Qﬁ}uting MIP models

.n;Jng optimal solution

A1 Bly
- =

in an acceptaﬁ C veloﬂ then might solve to
optimality but"™Cbnsume much time. As Laporte (1988) has ifftlicated that three—index

for tions ar ‘oﬁrs tile, but more co regard to solving time, Therefore,
fuf r%c e%dt ext h%)lic iow itf};ﬂhe hich can

effeq,ely solve larger or more real-life problems to near optimality within the

reasonable computational time.

QRIASTS NI INEAY



CHAPTER IV

LOCATION- ROUTI SCREENING HEURISTIC

In this chapteg ' : finding the best solution for

procedure is .ci Tt 0E/ S Yatatio™allocation stage, routing
improvement stage; ang” s $ - g sta Utational results are also

presented and disc g8t d i tefmyof f- pance ‘andithe time taken to solve.

The chapter #8 ongla deals with heuristic

methods for locg#fon alfocgfion pie uﬂ | cle ad\problem is presented in
) - b A =y - -
Section 4.1. Heuristif degerip O’hna-_ 2d"ih Sectiamd.2. All stages of heuristic

¢ #
procedure are given in SEction4:ge-C m‘ gnal '-.r\ ts dre provided in Section 4.4.
of this‘work are st d |

Finally, the conclusiof Section 4.5.

.;i:‘

4.1 Intrody T YA
R \ )
Acc |£%athematical model

"

et
integrating theﬂjcation allocatl upplier selectM decision, and vehicle
routing decision a? aaloped Undoubtedly, &Structure of this integrated model is

FUEINEMINDINT

Num us heuristic solutions are‘merefore preferable in finding solution for the

ARTESAIUNIIANAE

known problem, the NP-hard problem. It is not surprising that most solution methods

are approximated algorithms which are either exact methods or heuristic methods.
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Exact methods provide significant insights concerning the problems; however,
exact methods can be very successful for solving special cases of the problems such

as the round-trip location problem (Ambrosino and Scutella, 2005; Bookbinder and

: Nambiar et al., 1981, 1989;

L}

ntrary to the above, the
: methods that construct set of
routes first, assuming all faCTiities-are-op ehcloeations are then selected (Barreto et al.,

Y £

. ' N
small instanCeguit i salution method that can
solve Iarge—sc&u
The heuristic soh‘o&ethod is developed l‘sjzl on the location allocation routing

ﬂ R ANBNTNEINT

deter |ned) together with suppller‘electlon approach. E proposed heuristic Wod

A ARSI VNIV E R

problem and a vehicle routing problem is firstly applied to find one best solution. All

|
problems to near—optimality with a reasorﬁﬂle computational time.

possible combination sets of suppliers are secondly screened in order to find a better

solution.
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4.2 Heuristic Description

Owing to step—price policy which is one of the environment factors

concerning this problem, the heuristic method is motivated by observing that different

be 31 combinati

profit with th
best result is the sgfitiop#rof Sef ofsdbpli highesbprofit. Thus, to find a set
of suppliers giving gfaxip fofit ‘appe: " allenge faced by this heuristic

method.

) | gt ‘
F‘“‘t}‘ne 4.1 An m each set.ﬂ‘suppliers
J u Eﬁ% ﬁ} ﬁ ﬁ’%ﬂers cluded in
Mection system, It is simple to solve the problem. With a given set of selected

suppliers, totally collected quantlt‘ Is known and thepgsgyvenue can be calculaegl

RIBIDAN: HATINHIRS

problem. Finally, the profit of each set of selected suppliers can be found.
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Even this approach is so straightforward for solving the problem;
nonetheless, the abundant sets of selected suppliers lead to the huge possible solutions
of this problem. In addition, solving each set of suppliers is a time—consuming
iblels uppliers, the supplier screening approach
{% ing criteria will reduce the space of

suppliers for fixed collection

ced significantly because

Screening #
criteria

Best

Deleting

A YU INUNINEINT.~

|ng one potential set of selected suppliers, and set a solution at this stage as the
itial solution. Then, given the |m't|al solution, the Welvistic_method |mpr0\Mhe

q Ww@ﬁ@mm Wee- e
the third stage, non potential sets of suppliers are screened by screening criteria. After
screening process, the rest of sets of selected suppliers will be returned to the first and

second stages to find a solution with a highest profit.
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Screening

criteria
Price 3 Price 1 Price 2 Price 3

Profit Profit

Price 1 Price 2 Price 3 Price 1 Price 2

% Z

y &5 ‘ Quantity 7 > Quantity
Qi S0 S S4 \ ” - Qi Q 51,5584 Qs

Location allocation stage Supplier screening stage

lation

The heu i spluti #pproach whichlis | }Figure 4.4 consists of

three stages: (1) | J At é‘-v 2) routi rovement stage, and (3)

AUEINEN NGNS
AN TN INGA Y
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Start
v
> Solve uncapacitated facility location problem 4@1ﬂ0n allocation stage

Given: set of suppliers, set of potential collection stations

iven: set of selected suppliers, set of open collection stations

mprovement stage

ﬂ!

Screen

Select se

Go to Locgtion al ation stage @nd
Routtng impg@vement s

alg

e
il

Cdmpare maximum possible profit
ith Newbest
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Given set of suppliers, potential collection stations, and a factory, the
sequential heuristic procedure starts from location allocation stage, and then it goes to

routing improvement stage, and finally does supplier screening stage. The first stage

€ profit from sending supply to

i
g@plier does not need to be

transporting s

to one artificial

' ect 2; ion wi \w\a ‘ ded in the system.
Fv ol A
. .:!’ W\ Y
Given i fro DGt \ allgcation stage, the routing
J it . i \
improvement stagef ement yfinitial solutio term of total system cost

minimization. Both rg@ite cg f;-_’- fle.impr@vement are conducted at this

stage. Not only is transportatiel #l, but fixed cost of collection station

"‘. 4 - -
may be reduced if supp r{"_-:’,_ ONGing | 1 tion station are all relocated to

other open _: e
Al LY .
The laststa @arates potential sets of
11
and non potential sets of selected supplu}s. This underlies two

criteria: (1) prof‘\mout fixed cost and Wportatlon cost and (2) maximum

) rml anHNINBANG

data) ill return to a location allwatlon stage and a Eg ting improvement s% in

ARTANT IR AN ) INEINE

The procedure will stop when there is no improvement for a best solution or

selected supp

there are no sets of suppliers having maximum possible profit than a best solution.
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Supplier ‘

Collection
Station

Collection
Station Collection

Statlon

Location allgca tion stag

Figure 4.5 Ang a ..- ’”; / : 8f the heuristic method
i ‘:'

4.3.1 Locatibn Al ”T *‘a’ft St

garch problem is relaxed from
location L_r routing problem to | locatic § _)1is means that the
vehicle roub :

potential set om lecte aximiz' d profit and construct a

i is,stage is to find one

solution at this st age as the initial solution. The results from this part are the set of

ST Tl
ol a@ﬁ%ﬁwﬁ%%ﬂ

Given single step—price, the location allocation problem is solved

Fhide

together with the selection of suppliers. The problem description at this stage is

similar to the problem statement in Chapter 1; however, instead of routing
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transportation, raw material transportation is changed to direct transportation. A
vehicle is dispatched from collection station to supplier point and then it will directly

return to the collection station. This implies that there is one vehicle per one supplier.

A supplier will be allocated to a cgll@c ? station which gains a maximum profit from

one collection station is set as an

v ent to this artificial collection
. — ch supplier is assigned to

tration of the location

eely assigned to any
e this stage will be not

1 thére is no fixed cost of
tial for operating in the

system.

@ V73 Artificial
CoWeotion Stations S =\@4 Collection Station
! \

L
- i
—

,m i

Suppliers .A . . ‘ ’ ‘ ‘ . .

mm ANLNINBINT -
q mmﬂw‘iﬁl LT totak 1E3tabak]

by m+1. The sets, indices, parameters and decision variables are defined as follows:
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Sets:
I represents the set of possible suppliers

J represents the set of potential collection stations

N\

repr lier i | de

Indices:

ecti0n-stati“,, reby jed

: jeJum+l
B ; : ‘ higle\lsing¥between collection station
gy 4 \

j ;"‘," :‘.. al @0S '.h‘h'

] +_1 \.

petween supplier i and collection

antity between collection

lH presents the

pr? s,seT

ﬁeﬁﬂ?ﬂﬂﬂiﬂﬂ'ﬁﬂi

represents the supply of supplier i, i€l

ity at factory at step—

-  —
e per unit qu@!\'

represents the mlnnﬁm quantity level afiStep—price s, seT

ammnmwwwmw

represents 1 if collection station j is opened, jeJ ;0 otherwise
Zij represents 1 if supplier i is picked up by the collection station j,

el, jed ;0 otherwise
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Given one step—price, the uncapacitated facility location
problem with artificial collection station can be formulated as the following integer

programming:

MaxS 3 b (i_% .‘ ©
-

'\‘ of§lpplier i picking up by
I. el, jel

Maxy > 773 (4.1)
|
zﬂzﬂﬂfmamwmm

Viel eJum+1

qwjaan‘smum@nmw
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The objective function, Equation (4.1), maximizes the profit of the
system. Constraint (4.2) ensures that all suppliers are assigned to only one collection
station. Minimum requirement of quantity level of each step—price is presented in

Constraint (4.3). Constraint (4.4 that supply of suppliers is sent to only

opened collection station. d.44.6) are binary requirement on the

IS presented in Figure
4.7. Given set gffossj liers, set tation, and one step—
price, the processglartsyBy folliNg-thesuhtapacitate, faeility location problem with
the objectives®t prgfit fhafimi ~ ncapacitated facility
; - iges \Sblution giving maximized
profit will be selected an: a8 the _"k‘ soluition %Mo to routing improvement

stage.

AUINENINGINS
QRN TUNRINYINY
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Start

Step—price = 1

) . ) Given: set of suppliers, set of potential collection stations
Solve uncapacitated facility location problem, 1«

g.based on collected quantity

[1CC

No

ocam’stage
ATENINEIDT ..

routing problem is performed in romng improvement ﬂe At this stage, first, ‘OJtes

q W"[ﬂﬁﬂﬁ RN INEINE

stage which is regarded as the best solution for the problem are the set of open

collection stations, the set of selected suppliers, the allocation of selecied suppliers 10
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open collection stations and the set of routes presenting the assignment of selected

suppliers to each route.

4.3.2.1 Route -0

// iven set of open collection

stations, set of selec and the as e selected suppliers to open
—a'

collection stations,..th act! icle rostiaggpreblem with time duration is

Uncapacitated
Collection Stations

| O O

Flgure 4.8 The route construction

ﬂummmwmm

Given one opened collection station and list of un—-routed suppliers, find

amﬁ%ﬁ ViebiEREY

Step 2:  Update vehicle capacity and time duration then go to Step 3.

Step 3:  For each of un-routed supplier g, find the best position of insertion by

computing cost of inserting the supplier g between all edges {h, I} in the
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current route R.
A measure of insertion cost is given by C(h, g, I) = Chg + Cqi — Ch.
Step 4:  Select the supplier g* which has the lowest insertion cost. If the insertion is

feasible in term of vehic

Bcity and route length, insert supplier g*
ti : [ )//r h* and supplier I* in the current

Step 5: gth are exceeded. A new
lsSUppliers have been assigned

Step 6: fed Lolledti ,a New route by repeating
| ®essed and all selected

ection, \a' Within route and between

routes improvements gife ap ?F’.J;&, hetw o e Mprovement method exchanges
or relocates the posmon o _-Aodes-bet two routes. The basic k—exchange

neighborhoods for defined by Kindervater and
Savelsberghy (1997: 339-344). A within-route improvement ethod secks a move to

improve thesoljee , _l',\a)route. Such method
jat

as 2-OPT andEHDPT are ahborhood movm

‘Wetween routes improiedfent, supplier exchange method (1-1

SUEANEAINEINA.

without changing the sequence of dch route. This proﬂjre repeats until no f

IR TARTINEEY

move is performed until without improvement over the best solution found.



‘QW’] NNTI3I Bk
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Figure 4.9 THE ill ‘- 2 supplie "'3 Méthod and (2) supplier

MDPT method is used. The 2—

OPT method starts W|th a -.j-- o j:.:i akKs it at two places. This move deletes

two edges, thus breaki hg-thie: g0 _reconnects those paths in the

other possibledway. The length of : & ,
tour is deﬁ St 0

and the smallest

lution from route

Uncapamtated
Collection StatIOIw

Suppliers

Figure 4.10 The route improvement
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4.3.2.3 Procedure

The procedure of route improvement stage is shown in Figure

4.11. Given the solution from location allocation stage, routes are constructed by

Flgwe 4,11 The flow chart of rquti g improvement stage

ANLINLNINGINT
9 RIS S EAY

giving maximum, all possible sets of suppliers need to solve the problem of location
allocation and vehicle routing. Determining each set of suppliers is time—consuming

process. Therefore, it is better to investigate only sets of selected suppliers having
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good potential for better profit. The difficulty is how to confine all possible sets of

selected suppliers. At this stage, two screening criteria i.e. (1) profit without fixed cost

and transportation cost and (2) maximum possible profit are proposed to discard non

_ Besthnown ___
‘ ; i > Quantity
Qi Q - - Qi Q. Qs
Maximum : s
possible profit —
Price 2 ; 7, : . .
‘ = Pf:ce 2 Price 3
:_ bf -.r.)
t / ol [P Bestknown
) L A T
- . -
| ‘ il
- > Quantity — > Quantity
Q Q3 Ql Q: Qs

ﬁ“ﬂﬂﬂ%ﬁl%ﬁ W T
ammmmwnwma d
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4.3.3.1 Profit without Fixed Cost and Transportation Cost

At this stage, each combination set of selected suppliers is

computed profit without fixed cost and transportation cost (Profit) as follows:

4.7)

(4.8)

7 A . (4.9)

LT
@ taken less time in

,,,,,,,,,,, B

V}Jality is poor since

this crlterlon aw material collection

9
system such ollection station fixed cost. Total potentia¥“sets of suppliers after

screeaing with th‘ éfiterion is still large. A8 result, maximum .Eossmle profit is

UBFRBNINEING

4.3.3.2 Maximum I‘sable Profit

q W’] adnsAlHIAnYIaY

possible profit (maxProfit) as follows:

maxProfit = Revenue — minCost (4.10)
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(1) Revenue (Revenue)

Given set of selected suppliers, revenue is calculated as described

he minimum system cost both
fixed cost and va(ia_bl pequired i V1 e .:-‘._, system. In this study,
the minCost i 3 of (2°1) 13 e COITE ion station fixed cost,
(2.3) vehicle fi ‘ A 1sportati ‘k y ollection station and a

factory, and (2.5) paftation/ 26 _ ionandasupplier.

h ‘1\ ) .Ii"i

$'e0ifiputed .\‘a\n- nted in (4.9).

t (Fixedcost_C)

,..m_u.__mw,g

costs of open-éollect stations considered

—

the sum of fixed

here are only opeh collection StatfORSFOFaBest SO ution. The@llection stations which

are closed from I?atlon allocation stage and i ”tlng improvement stage will not be

FUE ANENINGINT.!

clos t this stage means that it hasno potential to operate in the collection system

W'mmmmm"mmw
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Fixedcost_ C = Y c, (4.11)

jed'

J’ represents the set of open collection station

from € qutlon

quantity is di

number of vehi

(4.12)
. Oflyehicle using
ottion's ,| tior and a supplier

apa of vehicle using

statfon and a supplier
,,,,, talfection station and a

'
' |
Transportation cost between a coIIectid@tation and a factory is

evaluated from r‘ transportation coglifetween a collection station and a

FUMIRBRIRINAT -
QRIANNTRINMI AN AY

unit quantity between a collection station
j and a factory, jeJd’
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(2.5) Transportation cost between a collection station and a

supplier (Tcost_SS)

The illustration of this transportation cost can explain as Figure

4.13. This cost is composed Qfyt ¢ iPng/ that are collection station to supplier,

and supplier to node. ..\ rtati / en a collection station and a
supplier, it is chosenfigga theslgast cost (c en a supplier and one node

one node (supplier) which is

not a collection stationi g not,co 1 r the route is formed or not,

j P o
ncs -«""f/'

0lleg o ons
A

Y | : Y

| _:shh-b

Suppliers

- = OO0
22 ,gﬁgg |
Figure 4.{3.3h ' g(_:jcollectlon station

v‘ .l
ninr;;) GI (4.14)

represents theﬂof selected suppliers

AU g ’3 ﬂﬁ.ﬁﬁoﬂﬂﬂﬂﬁ

lll;
re@sents transporta cost between 8.

A AN IAENTINETRY
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MIN T, represents minimum transportation cost
between a supplier i and node h,

el hel'uld’
minr; -y §  minimum transportation cost

\ z?qn station j and a supplier
% is sstha/'_ = > (minr;), owing

- #ed

ste transportation
equal to the

station to a

2 A A W
of th R rofificriterion performs good

results. Total potent f suppliers after sereening "‘.,\

uch lower than screening
by the Profit criter L is ab ‘\ o d¥scard a lot of non potential

sets of suppliers bec jBtic SYstem cost of the raw material

collection system. However,.Cz xkaum possible profit is more complex

than the Proﬂcrit ion so thatit-consurr ' fit criterion.

rocedure of supplier screening stage is presented in Figure 4.14.

e
Givenpset of. passibl ieLs, the process calculating profit wi
AW

beSt"own (Best) from routing improvement stage will be deleted from the system.

The rest of sets of sup%Iier are‘urther calculated 48 maximum possible@prbfit

AR INRTIAEIGY
q iscarded” from the system. The Set of selected suppliers with ig

possible profit is selected. Then this set (as in input data) will return to a location

hest maximum

allocation stage and a routing improvement stage in order to find a new best solution.
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The procedure will stop when there is no improvement for a best

solution or there are no sets of suppliers having maxProfit higher than Best.

\\\‘féy// siven: set of suppliers

Screen with
fixed cost

b ~ Delete set of selected suppliers
N pp

A

No

ﬂuﬂ" TNYINT

Figure 4.14 The fld/ chart of suppllerﬂenlng stage

QW’]Mﬂ’imﬂ‘Wﬂﬂmﬂﬂ
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4.4 Computational Results

(1) Example: 2 collection stations, 10 suppliers, and 3 step—prices

An example containing t iegs and two collection stations with three

‘l rgfofgthe proposed solution method as in

uexample. ease ﬁ)ction, we solve the problem
considered by using.tnE-tet @entioned previously. The
solutions from W : Tol{e)V] ment stage, and supplier

. - ; 4 ) . i
screening stage are ablg 41,4 .3, respectively.

step—prices is provided fory

Table41 T

Total profit = 465. E \ o upgpliers = 10

l
Open collectlo M 3 ;

i

#5

AUHINTNINYINT
mum’jnmﬁ’ ¢)

Statioh 2
Figure 4.15 The result from the location allocation stage

AT
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The result from the first stage is reported as the set of open collection
stations, the set of selected suppliers and the allocation of selected suppliers to open

collection stations. Ten suppliers still keep in the collection system.

Total profit = 331.221

Total time
] 1 238.1581
’ 51/ B. \ o, 39 234.3949
7 I!IE &L\ ) 158 211.1118

ﬂ!“__ «.'I:!-.‘ ’L\\ 211.5639
U7 ‘E&\ 146.7709

z AN
! & " 'M_\\\ 127.6616
Hﬁ .

Collection station

1

#5

Collecf on

ptiaet VIEWI?WEHﬂﬁ
‘-WW’] ANNIHUURITNENNY
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The result from the second stage is provided with the complete solution for
the problem considered, which includes the set of open collection stations, the set of

selected suppliers, the allocation of selected suppliers to open collection stations, and

l?e is the best result for the problem.

Solvetime:3.03:116-509.-—;-"—'i ‘

_—

BTt withet J’ X possible profit

)
o 1/1@1\
o 117

finally the routing solution. Profit

Table 4.3 The result fronFsUgPhens

Combination

sets of

suppliers

1023

ainset  Max. profit
421.0392

Table 4.4 The solu' DN b

lteration  UFCP (w ‘MN f-"p- “\\\ | Deleted  Max.

CPU #  RIofit ..‘f' f'_.., (sec Profit ~ Supplier  Profit

G
XA

(sec) == Supplier
0 0.0200288  495.417 == SSOWE00432  331.2214 - 421.0392
1 0.030043 T 8318401 1 387.3805
2 0300432 478116 G 0.0300432— 3459903 ) 8 385.7954
3 06260288 g4 6 384.7196
£k ,
4 0.0300482  456.569 9 01101584 254.4% 3 382.475
5 0.030043@ 438.601 9 own 333.2254 10 373.9518
,..; : i O K- i B 364.2664

8 0.0200288  421.961 e 0.050072 326.6538 2 357.4519
q 0.0200288  463.421 0.0400576  281.8833 349.3757
12 0.0200288  425.188 8 0.0400576  255.0561 13 348.8162

13 0.0200288  431.804 9 0.0400576  232.3171 4 347.93%4
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Profit

400

3146.5391

Profit

—— Frofit

Table 4 ’ ‘ [y | ehi ed in the raw material
collection system. | - ' liers Qive the best solution.
Final result of . y : sh '.! .. 4.5. The comparison of
heuristic solution a 'I. sthatical model <oMution of this éxample is presented in
Table 4.6. Percentage offtlifferg .

J r",.."’.i"..
F

jce) isicalculated as follows:

% Difference/ 2 Mg 77, » (4.15)

oy A ()

\Where Heu is the profit vaiue or time sofved. ol QM heuristic solution

approach, a io. 0 gﬁ‘tained by solving
e | |
mathematical da@del solution approach. l

ﬂumwamwmm
Qmmnsmnmmmaﬂ

i
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Table 4.5 The result of the problem (10 suppliers, 2 collection stations, and 3 step—

prices)
Collection station Route , Total distance Total load Total time
1 | ' 238.1581
234.3949
146.7709
2 127.6616

Table 4.6 Thas model and heuristic

method for the le

. Mg ﬁﬁ :&\\L\‘ ion % Difference
protc " _f f ofinos G A4\ D D 37.717%
f Jroscn 2\ oo

99.97%

Time (sec) .

#8

#5

Factory

U VIEJVI?WMTW
QW’] ANNIRIURIINENAE
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(2) Results by varying sizes of problems

We consider more instances whose data characteristics are set as same as that

explained in chapter 3, but numbe‘ f possible suppliers and number of potential

collection stations are changed,

Given the sam ' climStations, and varied the number

i arisongd e:ﬁbetween the mathematical

model solution Iuti'n sthod.(a5 givenlin. Figure 4.19) shows that
the solving timefge Thes athetmaticel model, Salutionegrews exponentially higher
than the solvin tigpe®™fropt the heris ‘\ aowever, the profit value
from heuristie< utigr” methatl stightly elif l, | - :.. atical model solution

(asgiveninFig v4.2 ¥ ¥

350000 -

300000 -

__ 250000 -
[S]

[

€«

o 200000 -+

E

S —e— Mathematical solution
& 150000 - L

O —m— Heuristic method

100000+

a3 f
Number of suppliers ‘ Il

ﬁ“ﬁﬁ@ WW‘WE}%%“
'qmmmwm'mmw
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2500
2000 - /
1500 .

1000

—e— Mathematical solution
—m— Heuristic method

Profit

500 +

Figure 4.20 Thy omp h of alue etyves atfiematical model and the
[ 1 "sbppliers)

Given tpra hanging the number of

1 " : - -, !- I'"' L -
potential collection gkatiolis, jenips iSOl §o I"~' iflg time and the profit value

: ¥ . i
are presented in Fiure #21 ang "-E espectiVely.In Figure 4.21, the solving

time of the heuristic $8lutigpar ’ ly OMfferent from the mathematical

model solution while in Fig 2—the ] lvalue of the heuristic solution method
differs less I:&mt o ie of the/m: c _solzi‘qn.
3 "J)

ﬂumwamwmm
Qmmnsmnmmmaﬂ
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60000
50000 ‘ /
__ 40000 ~v
Q
[}
&
o 30000 —e— Mathematical solution
£
= —m=— Heuristic method
2
O
20000 +
10000 -

Figure 4.21

s v@l \ ' he ma atical model and the
aried umber o7 QN stations)

—e— Mathematical solution

Profit

—=— Heuristic method

J ,
RIAINTUNRIINYIAY
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(3) Results by varied parameters

Tables from 4.7 to 4.10 report more computational results of varied

parameters such as vehicle capacity, time duration, unit transportation cost, and

Wy

n by vari CIty

Profile / ; % Time (sec)

Heuristic % Diff

1 3.765 100%
2 2.25 99.97%
3 a1004.016  98.85%
4 1.875 100%
5 97.99%
6 99.97%

* = feasible solution

Table 4.8 The solution compar

Profile % ‘ —Piofit : h{e (sec)
“Mode =euristic % Diff

1 753.638 657.118 13.38% 20220.8 '@ 2.25 100%
2 758% 657. 118 13.389“‘ 18742.8 2.2188 100%

o) i3 T
ammmmummmw
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Table 4.9 The solution comparison by varied unit transportation cost between a

collection station and a supplier

Profile Profit Time (sec)
Model ' s Model Heuristic % Diff
758.638 2.25 99.97%

2.406 100%
% 0.53125  100%
671.928 m 0108% W 15620, 0.9375  100%

A W N (e

Table 4.10 The#6lutig

: lllft‘ i\
A [

W ime (sec)
Heuristic % Diff
2.25 99.97%

Profile

-!"

1 {
2 116500 | Y 0 2.234 100%
] \.' '

* = feasible solution

ﬂﬂﬂ’)ﬂﬂﬂﬁWEﬂﬂ‘i
'QW’]Mﬂ‘SfUNW]'JWFJ’]ﬂEI
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(4) The effect of the price change

In this section, we examine the case in which raw material price at the

collection stations is varied in order to evaluate the effect of price change on the

decisions of the model. Giveniti ‘ ize and same parameters, the effect

of changing raw materi
Table 4.11 The ef ec ange!

Raw material prl c ! | R_ . % Change in Profit
v \ b, s, profit, — profit,, | <100

) ANNY
i W\

15 14.33%
20 ll f_ 14.33%
P, =10% p,, P 15
J ‘:,'
From Table 4,81, h ‘-4;4;--!‘7 C"- price at the collection station
(P, ) is changed, the value of profit(objectiM@Value) changes definitely. Nonetheless,
it is observed that when h e e, the solution of the problem

gives a simil 2t result. Hence, changing ra : oes not affect the

changeinp

L1=
h

1
Consed ntly, by applying the proposed heuristic me{;[!d the good solution is
performed within eﬁble time. However, §€ observed that when the number of

uﬂ ﬁ ?“ 7 ﬂ Bl fime.
h the problem considered Is concerne the problem of setting up of raw

material collection system which@s a long term plamgthe solving time co@igl

9 mmm SANEARS

can be made for heuristic method is the clustering—based heuristic method.
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Clustering—based approach is useful and can vastly approach using the
location routing problem (Barreto et al., 2007; Nambiar et al., 1981; Srivastava,

1993). By partitioning supplier set into clusters or groups, each cluster or each

grouping suppliers is treated a p lier with a large supply. The problem
j heuristic method. One clustering—

 \

considered can then be solied «;
posed by Barreto et al. (2007)

ps are described briefly as

Step 1: iven s i€rs, jng\ the dcach supplier (s;) and the

Step 2: "ﬁ hol introduca '-\. ; nson (1967) is applied
until the \ \
Step 3:  Because the féck o ,.1.1:..:‘5225- A it prok bI leads to the formation of

f‘{.ﬂf

Suppllers from= ;:g,n, .a X e capacity limit will transfer to

groups tha Vio ransferring supplier is performed.

jumber of groups is

£ usAnansneng

s are consolidated from suppllers in each group. Following the three stages of

QW’TWWS‘TWWWWVTG d
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Table 4.12 The result of the example (20 groups of suppliers and 10 collection

stations)
Total profit = 11176.163, solve time = 1012.1124sec.
Collection Total time
station
1 198.5641
2 634.0023
841.4495
3 R N 114.7192
4 !!ﬁ /! \ \ 22.158.
5 176.346
v
6 ! Mf;’f ‘L\‘x\ 174.4306

1 \

4.5 Conclusion
r"'*"' (e

According to the deycloptent-oft odel integrating location allocation and
el /]

vehicle routing with.step=p ce policy prc re of ;f]is integrated model

is so compli l“': O-WIN--Interreiatea aecisions -(1ocation-aec supp"er selection

decision, aI _ﬁl model might solve
|
this optlmallym Jut definite/“conse gen time. Hemuithe heuristic solution

method is more pr?erable in finding solution for the problem considered.

WH |c SO V' 3 w %j pt |o allocation
routw ) approac for solving the proble e sequential heuriStic method can

be decomposed into three stagj’s such as Iocat allocation stage,

IR RIANHIRY

constructing the initial solution appears to relax the problem considered from location
allocation and vehicle routing problem to uncapacitated facility location problem.

Given the solution at the first stage, the second stage deals with the improvement of



99
solution in term of total system cost minimization. The last stage is to search
whether any potential set of suppliers gives a better profit or not. Two criteria used are
(1) profit without fixed cost and transportation cost and (2) maximum possible profit

are proposed. The best solution fgr:

; " age will be repeated at the first and second
stages for finding a best sol ely. rocedure will stop when there is no

improvement for a bes
1“-.___ ~

— J e
The result :s_gg\ys_ﬁm : g olution method is very close
to the mathematical m i0n, bt compta ime Is dramatically different.

When compa omputational result, it

shows that heurj Lfaster solving time. With

the same problem si arameters, the'mat al model consumes more

It is furtplf ingstighted thatithedsBlving tikne\af hadkistic solution method is

, \
’; bf sUppli€ks. However, the problem

em oOffsetting up of a raw material
collection system whiCh is'%g '?i"

than daily operation.
v ,/z-w

As heuristic solution method is limit . @size problem, one

ed heuristic method

Iving'time could be allowed longer

i .,
for handling ti'ms proble et into ’; sters, each cluster will

be treated as one s ppller with a large supply then the above problem can be solved

byﬁﬁ%mmwmm
wmnsmummmam



CHAPTER YV

In this chaptgs I m studied and the findings
related to the re;@wted e a limitations of the research
are also addressed” Last ; ‘ \ the re suggested as well. The

aim of this st ¢ outing with step—price
policy model. T : " atign conside " “ e environment, vehicle
capacity and time ( cahstra hel ¢ the model are location
decision, suppli i cisi n allo € “.,\, ‘routing decision. The
\ | * antity collection and total
of | \‘w h istic solution approach
includes three stagg® su ocatior r’, At stage, } uting improvement stage,

e which-are-pri ing the research problem.

world situatiomrob alnem: this chapter. Chapter
Il reviews the f#erature relevant to the research problem. In‘effapter 111, mathematical
model related to%mearch problem is fMIated The location allocation and

Mvgﬂ Hﬁllc |nt | pte Since the
ma tqlla ical model |s not practical in solving the problem W|th|n a reasonable time,

the heuristic solution is proposﬁ in chapter 1V gfbe solution approacfi @

RN HHIINEARY

The aim of this study is to develop location allocation and vehicle routing with

step—price policy model for setting up raw material collection system under the
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conditions of price—quantity dependence, capacity of vehicle, and collection time
duration where the profit of the raw material collection system is maximized. This
study analyzes three areas namely, the research problem, the mathematical model, and

the solution method.

intermediated ch ; 58 ” o t ‘\ Iy larger demand than

b

supply, most i centive. palicies \{ x oll€Ctors so as to facilitate

more supply quatiti | ":_‘ Cco ding %o \ step—price policy, the
purchasing price is ' Se | - i68l peru ‘\‘ varied; a collector has to
collect more raw Materj ' i o, recei \ Mgher price. To operate raw
material collection sygtem v*g‘:f-ﬂ;af_ a2 cOljector has to collect more raw
material quantity by expan u--_-,---*-i-- atea. The more suppliers the collector
visits, the n ‘ ' llector decides to visit more
suppliers, tiaveling-¢ will be fonger wi ptresult im higher transportation

cost. Thereforg;L | to the system, the
e

| e

total coIIectedH jantity certalfly “HOWEVer, the pr@lljivalue may increase or

decrease dependnp on step—prices and set of eI cted suppliers. It has to be a trade—

oth fixed
rﬂ/\uﬂ q ﬂ H ﬂﬁﬂmmnﬁher step—
pric veI As a result, the collecto must decide where to collect raw material from
ny el p ie ti
RGN I 608

take. A collector has to trade the inbound collection strategy off between the revenue

from collected supply and the total system costs which include both fixed cost and
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variable cost. Therefore, the optimum raw material collection system appears to

be a challenging task for the collector who has to face.

he 6dhsideTation of price-quantity

2, andthe collecliontime@uration.
.'W' : ' \

Mo Wf avelopadibyM@cation and routing models,

some formulations ar; ».:4 il w-forr pns ([Sa@Rorte, 1988); furthermore, step
tr;" L

function formulations expresg

are added. It is the extension of the

basic location routing_madel f/location

which the @

and vehicle routing problem in
ddel is to optimize the

:",
.Ijbut the system is

Thwrﬂi thematical model is f|C|aIIy used for determining the

e;?;lou”ﬂ *mmmwmm::::;::

s complex with a majority at integer variables and constraints. The develo ed

q et IR raTE L ek (LT MESY

be solved larger instances to near optimality within the reasonable computational

time.
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5.1.3 Heuristic Solution Approach

The heuristic solution approach is based on the concept of location

allocation routing (LAR) approach for solving the problem. The sequential heuristic

yth :are location allocation stage, routing

the construction of initial

tion stage, the vehicle
_ \.. At this stage, feasible
£ Cheapastiingelition method. Secondly, the

‘ A by apph poth helyveen the routes improvement

(1-1 exchange, 1-0 mbve) aAd-within the ‘ provement (2-OPT). The objective
at this stage is to improyeti --’7': hﬂ"‘

this stage @&:

g total system cost. The result at

o fet|of open collection
¢ £

(_a}i suppliers to open

collection stat |gnmnt of selected suppliers

fﬁ
|
to each route.

Audinansngans:

prof‘lAt supplier screening stage.;wo screening crlterla namely; (1) profit Wlthout

qRIANTS A INYIaY

and transportation cost is firstly performed. The screening with maximum possible
profit is secondly determined. The purpose of supplier screening stage is to find

potential sets of suppliers with higher profit by comparison with best solution from
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routing improvement stage. The results from this part are the set of selected

suppliers which have the potential of giving better profit.

4 Problem 4 Objective N
Location allocation and

vehicle routing with

step—price policy problem- _ A

Constraint "&_—.‘i
Price—quantity dependaneemmj—
Vehicle capacity..—— —
\_ Collecting time-aaratto ’ -

Profit maximization

Location Allocation ﬁ ’ A F' Supplier Screening Stage

= _d
In thisyction, strengths and weaknesses of this re@rch are discussed and

summarized.

ﬂuﬂgwﬂwswﬂwnﬁ
IR AT TR Y

few studies have investigated into this environment. This research introduces new
perspective of the model that is the consideration of step—price circumstance. It seems

that most of the research studies have attempted to reduce system cost; however, this
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research determines a diverse view point which will lead to optimize profit of the

system.

The second strength of this study is the model formulation. The
mathematical model is formul n
furthermore, an optimal SOIUtOn,E

decisions involving 0 _ . By applying the proposed

all aspects of the problem considered,;

athematical model is complex

method dealing with all

heuristic method, a S i ( j' d\ithin.a fast solving time for small

e problem.

en some parameters have
I\" '_ ) .

arai ctersi still run with assumed
%

us, it needs to be further

investigated into the “parame e ’ Culation of data based on the real

erfzr:med better than the

mathematiCg othrsolutron quatity.and:so! ARG time; however, the

heuristic sol# proBIEms. This is because
. |

the supplier scm ning stage wWorks as an exnaustive search o | hich processed time is

regarded as expovn &growth The more s iers added; the higher solving time

ﬁuﬂmm mw )M 4 1o I

treat as one supplier with a Iarg&supply so that the above stated problem can be

R BINTHUNIINYA Y
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5.3 Future Work

This study has investigated into the real situation of raw material collection

system in the natural rubber industry. The mathematical formulation and the heuristic

‘ Itural industries such as vegetable and
// stics of the collection system or

e as the idered. The outcomes provide

with compellingwrthegesea

From resea : gctive : n be extended to more

solution method can be applied

fruit industries or other igell

realistic situation. i \ which should further be

slflered in this research is
Slbuld be concerned. The

3, as different sizes cause an

atefial collection system is an
puting problem. This is because of

supplier supply, and price.

.
;&ct that should be
L}

e decisions and the

aﬁectsﬂ[y
problem which will become stochastlcs type with risk in price change.

AU NN g NI

more quantity, the ?Jatlon needs to tra —off between mvento

Q\W'] AITININANEIA Y

e Multi-products and multi—quality levels will be other aspects under

mvestlgatlon.
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From theoretical research perspective, there is more room for the
development both mathematical model and solution approach. The interesting

improvements which should further be investigated into are:

f\ el a aI model is the basis of development
atio nd subtour elimination.

solving the location allocation

em can be applied.

ﬂUEJ’JVIEWﬁWMﬂﬁ
ammmmwwwmw
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