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CHAPTER |

INTRODUCTION

There are many researches and case-studies in Logistics Management of many

practice. In this applied to help the

organizations in Thai iding healthcare services

to local residents.
1.1 Background of t

According to ngdom of Thailand, there are

many healthcare =dical treatments in local

hospitals and private’ . However, therg i inctive form of healthcare
AddT Pk =
service; this service is ¢ diq‘-f Viobile Medice Vi “Mobile medical service usually

ol o

-

aims to provide medical treat .:E":‘E:‘ ‘who reside in the outskirts or in distant

b 2 '
ewer opportunit sing to.healthcare services in

i
el

areas including.those v

local ~*ﬁ'ﬁﬁ;ﬁﬁmmiﬁ_vlz1 the poor have limited

access to loca and communication.

OSP atio
Mobile medical sﬁoe is usually found in developing country L h as Thailand, Vietnam

and India. Even tho@hﬂe transportation arﬁijommunication system of Thailand are

gradual eﬂpﬁﬁ?vﬂﬂﬂ ﬁ W ﬂﬁﬂaﬁsewices in local
| i
hospitalsgboth of the governm hospitals and private hospitals, mobile medical

service is continuously provided to ‘elp people in ne€d, The organizationsithat provide
TR T R UAAGRE e
Qf The Ministry of Public rHeaIth, the Red Cross and private hospitals. Thé most
outstanding organization in providing the mobile medical service as well as the studied

organization in this research is The Princess Mother's Medical Volunteer Foundation that



started its operation since March 1969 with network of 53 voluntary provinces up to the

present [1].

In mobile medical service, the planning of the distribution of medical staffs and

supplies plays a very crucial rol g organization to reduce operation cost
and allowing the organizatic o N oiher important activities such as the
investment on develop . ’ c g the distribution of medical
staffs and supplies will Ji Wnto operation sites while
also maintain acceptab fo ions providing the service. Yet
the distribution planning ' qunbl|e medical service is not
an easy task. It re s efficient tools to help
make a better decisior iding 'info 1o S pport decision making. In
mobile medical service IS ions are identical to those of
other companies in | oute planning, fleet size
and numbers of veh edical service, the goal is
different from those of ot ) bortation cost that needs to be
prioritized but on-time dellve'r:;%“&oi_@éhéir g i faction are emphasized. In mobile

medical service, the medicaﬁs;lafﬁ:gfcd__ uppli 5 yst be ready at the operation site in
time to provib,}lle medical services within the approprie ;;,ei a

ion route visiting all
requested sitesstofmaintain high custc Jﬁ in service.

b il
In the opJﬁon of mobile medical service of studied anization, there are four
types of service actr‘thorowded general fobile medical service, mobile dentistry,

e AR B W B g o

plannmg med|cal staffs and supplles is highly required especially in mobile dentistry

Y el Kb ﬁ'ﬂwﬂiz

Ianners have to plan on which hospitals should support medical staffs to be operating
in scheduled operation sites including the method of distributing those medical staffs to
operation sites. These decisions are not easily made. Planners require a lot of necessary

information to help support the decision making as well as a tool to help analyze and



compute the suggested solution of operation route and distribution method in order that
planners can use those suggested information to create the distribution plan for mobile
medical service. The distribution planning of medical staffs and supplies is a part of

operation planning process of mabil 2dical service to support the operation at

ICiates involving in mobile medical

: Mcial public health office (53
@al hospitals. The planning

5S' ‘_‘Mpropriate sites according

scheduled operation sites. T
operation planning; loc
volunteer province),

process starts fro

operation plan. After tf " f_: ” S 3 Srovincial public health office will

decide the local hospi ' sible of suppérting medical staffs to scheduled
—_— P
operation sites. Then, when cegéFFJﬁ _§ those medical staffs are distributed
BT e,
directly from Ioﬂhospltals to operatlon sites. olies will be distributed from

‘- cal staffs and supplies

process does nj
distribution meth I so the organlzatlon does not realize that.there is another form of

distribution method ﬁﬁan help reduce thescost of transportation in transporting

A PN ARG

pIannmgMoceSS of mobile medical serwce of the studied organization.

AR TREAI BN AN

qs very crucial for the organizations providing mobile medical services to complete its
organizational goals and to provide medical treatments for the people in needs of the
service. In this research, the decision support system for distribution planning of mobile

medical staffs and supplies are designed in order that it can facilitate the planners to



efficiently plan the distribution of medical staffs and supplies to operation sites

responsively to the demands of mobile medical service from geographically spread

requested sites within the appropriate cost of transportation.

| R 1]
Planning Process in Mob ﬁfy/’

- "

w’ als Local Offices

Central Office | Offices

Requisition of
Operation site

& ]

A

Create operation
plan d

;

Forecasting of
required medical
staffs and supplies
of each operation
scheduled

—
—

distribution’
medical supp

v

>rovide |
 staff supplies

a ing t

operation plan

o

port the operation
ccording to plan

Figure 1. 1 Mobile medical service operation planning process



1.2 Objectives

The purpose of this research is to develop the decision support system to help in

planning the operation route in order that the operation route can satisfy all requested

sites under variant constraints in re: situation of planning the mobile medical

service medical staffs an he decision support system is

designed and develo

medical services to help anni " ' dee on mobile medical

operation route and dist# metr ~medical staffs and medical supplies to

anizations providing mobile

planning for theH Iso called *“round-trip

distribution planmng

HUE AT 85“1 s

round -trip planning, the DSS analyze and process input data received from

the forecasting function and S|te re ulsmon function &fthe operation sup Ms stem to
] ’ |
Ok KRBV I etk i E Tl F-X TH

qs to be in accordance Wlth the convenience or requirement of local agents. The

) and medical staffs and supplies dlstrlbutlon method for the

operation route is a model scheme for mobile medical unit to operate at certain
operation site at specific service-time period which is already approved by the chief

executives or the boards of the organization and kept in the set-up data of operation



support system. Vehicle Routing Problem (VRP) is applied to develop the decision
model of the DSS by adding constraints, factors of the real situation in working

environment, and objective function complying with the organization goal (to reduce the

transportation cost) into the decisio ! nod the DSS in order to be compatible with
the real operation of mobile i “4 } ' h as possible. Figure 1.2 presents
example of the model sch ', ] \ 7 dentistry operation route. The
current operation ro l _ fo nda@specify, on certain service

date, where the opx ever, wi SS, each route will have

the information of ‘ al staffs ‘equired including the total

number of vehicles 4 : i io'_( \\ i..\ ecessary input data of
the volunteer registrati eration sur

Ssystem.

W\

Figure 1. 2 Mobile dentistry service operation routes

Source: Mobile Dentistry Service Operation plan in fiscal year 2009



For one-day trip distribution planning function, the developed DSS assigns local
hospitals to be responsible in supporting medical staffs to scheduled operation site at
specific service date. The operation schedule is received as input data after approved

and issued by the central office to. th vincial health office. During this stage, the

’
forecast of medical staffs and ¢ , ration site and the total number of
existing voluntarily regist s hospltal during the specific
planning time frame & of mobile medical service
operation come fro pplies are available to be
transported to schee ot atio i € s rehouse of each province.
Mostly, the supply aWarehg & ehr n ' incial public health office;
however, some rovi ge UsE §ik1 16 _' ital ‘ upply warehouse in order
that medical suppl il " € ' ) ‘ . \ ve computed the data
assigning local hospi A Suport T ical's ’ cheduled operation site, the
distribution metho» se fa*'"._..‘ SE ,- those ical staffs and supplies to the
operation site. Planner’is requi d : luate ’ \atives of distribution methods by

assessing provided mea reg‘f@&ﬁt e‘a_(:ﬁ- etho 1 eéhoose one distribution method

as the proper distribution meWra St g-medical staffs from local hospitals to
.:.-'_,.-"rﬂ e ‘ =
each scheduledoperation site accordl’hr ‘measurement. There are

point and pic

the its advantages and
“ rtheless, DSS will help planners to better-evaluate those methods

disadvantages.
by showing the com‘uﬁresult of each necgéssary measurement so the planners can
make aﬁt%cﬁjn’oﬁ pﬂrﬁ\rﬁoﬁwéw.ﬂuanfp]aﬁe of the studied
orgamza@ the alternative restricts only to the method of “direct from hospital to
peration_site”. developed Dngcreases the distribution method aIMaUves for
QKb Kb FATh LT lata ik TEsp- ) 0
th|cles. F|gure 1.3 shows the network model of one-day trip mobile medical service in
the province of Ratchaburi and Figure 1.4 illustrates the features of each distribution

method developed in DSS.
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] ]
Hospital A

= Direct From Hospital
Hospital B

B A
a4

. Hospital

Supply Warehouse

Operation Site

‘Transport Direction

Meeting Point

Hospital C

Lghr

Figure 1. 4 Distribution method’s features
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The scope of this research includes the design of decision support system for
medical staffs and supplies distribution planning to support the operation of mobile
medical service. The developed DSS consists of two main functions; operation route

planning for consecutive operation and distribution method selection for intermittent

operation by proposing the de S ( ; se functions of DSS including the
design of Graphic User ‘ | tion system structure of the
l , s to efficiently use DSS in
decision making o f the decision models is

done in 3 distinctive rent foundation practice

and results from com result ’ | decision model in finding the
solution by using gener ‘ ‘;.: \\n\«- ity of the decision models,
and user satisfacii el nllsi — cal approa \ alyzing responses from
involving agents. Implemel ' & Iope ':\ luded in research scope

including the progfarh godi onlyithe resultsifre pu lation of the program are
4 L "F il . \‘
..:I

-ﬂ o J‘
1.4 Limitation and Assumptlo e F =3

.’.'u" .

In this :7 car tation ' ptiens applied to develop

the DSS. To cnt all the fimitations and assumptions, the :- He classified into two
p : l - D k‘

categories according tc assumptions; limitations and

assumption in research methodology and limitations and assumptions in decision model

computational prooeﬁ

ﬂmgmmm Al
q wmﬁ SEAIRIL WAL LT b=K 1w

mobile medical service in The Kingdom of Thailand for many years since 1969

under the authority of The Ministry of Public Health.
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2. The operation of mobile medical service in this research studied in order to
design the distribution planning process in decision support system are service
operation in normal situation excluding natural disaster, epidemic disease

dispersion and emergency situat

edical supplies to be available
operation plan. Warehouse

of.medical supplies is excluded from

4. i , i Stri ution pla 1ning, even though the foundation
: | s done in yearly basis of

type f operation; round-trip

edical operation support
system is based. on the-as: ior ~-  d information transmission is
available in every invoh each 'ssociate can access to data
and infrmatio Of -'_‘._-' .~ > Pro ided authorities.

6. i _‘ --------------------------- 1# and pharmacists.

Other su;ﬁm . mpe.

7. Medical trea?ents in developed DS%Je restricted to mobile dentistry service

qwmﬂnmﬂm S

are excluded from researchﬁcope

Q HAALAINUURIINIAL...

at are decision model in round-trip or consecutive operation and decision model in

F

one-day trip or intermittent operation.
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Limitations and assumptions in decision model of round-trip operation route

planning:

1. The demand of medical staffs at each requested site equals to the forecast

of medical staffs and.i : _ o for distribution planning. It can be said

taffs ',uested site is deterministic.

opuerved However, there can

2.

ed so close to one another
o difference and can be
3. > for medical staffs and
hlcle is limited to be able
t U ts and every vehicle is
4. i riods - (usually, each service-time period
takes one week 0 o?‘-p ; medical service task) are identified

beforehze

-,w;; | AY J

5. Each'o m al team of which the

i
typeeg medical sta - the team are restricl to be doctor, dentist,

nurses asd pharmacists.

fl TR TIENNG oo

provmoe The solution from DSS may not be the optimal solution; however it

A9 SR EPTYb i) (11N

7. In operation route planning, the traffic condition and road characteristics do

not affect the data processing of DSS or the solution of operation route even
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though the distance between two nodes in the system is exact distance by

road transportation.

8. There is only one depot in each province which the vehicle leaves this depot

Limitations a ' 1 deci n ‘K 0 a.\ istribution planning:

L fore the assignment of local
~ o re ion sites including the
h site, the medical staffs

N\

on schedule.

2. ailable for medical staffs and
supplies di utic ffr,. ﬂae.u f each vehicle is limited to be able
: jyuivalent unit and every vehicle is
-
iy
) i [:." i . .
3. Each’w e operation site once per

mont@hioh mea at he/she can register to. a medical volunteer in

every moeth but can register once a month.

f UHINE A NYIAT o

provmoe and the volunt?r medical staffs are mostly from local hospltals

AR I EUH A% A B

warehouse is capable of having required medical supplies available to be

distributed to operation site according to operation schedule.
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6. In each operation date, only one distribution method can be selected to

distribute medical staffs and supplies from different sources to operation

site.

1.5 Definitions

The defini order to be mutually

understandable alo

1. DSS stands SCi i-‘?‘: ¢ b »_ &% kind of software in the
functions of m .

\

[ > hélps decision makers to
t| of business in unstructured

make decisi in¥ circunistances < situa
problem or semi S
T2 |

Vol no_apply to operate for mobile

2. Medical staffs re -.:;-—1'!:-:- .,
A

3. Medical E ﬂnedical service which

includes meo‘iﬁor primary care ané disposable medical supplies.

LLEININTHENG
OV PR FAn IR TN BN (I MP R

anedioal staffs and supplies to support the operation of mobile medical service. The

{e ntists, nurses and

plies refer to supplies used in mobil

developed DSS is beneficial to planners for it provides the solution to the problems and
facilitates supporting information for decision making of planners. The developed DSS

will increase the efficiency in planning the distribution of medical staffs and supplies;
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moreover, it will reduce the difficulty and perplexity of distribution planning and help
increase the quality of the solution to the problems as well as reduce the risk of relying
only on the experience of planners. Last but not least, the developed DSS is expected to

ortatlon in order to focus or invest more

1.7 Research Presentation ""-Jlu_‘: ogy _d

There are sever C'FT" ersin this resez overview research presentation

methodology can be desgcri

help the organization reduce the Cst

on other important activities.

® Chapte ieW of Operation Research
(OR) theo jes, ally appli _ ) » _ 5 ) especially the vehicle
routipg” prgblem @&nd mathe
. @ pt‘*-‘

support syster |sstu9|'l=,'d su

"'-.. ransportation planning.

oreover, t mng the efficient decision

addition, researches and

applica jon | a%ngjtﬁ@ e 1o \ oblem in industry Logistics

planning and mafagem ot in u real case studies of using vehicle
Jad ; -

routing proble n_toles sportation cost is discussed in the

n- #fﬂﬁ,—‘j

chapter.

® . Chapter Il presents the analytic_discussion~of & current distribution

in@jing the proble

demsen support system of mobile medical staffs and supplies

A PN H1 [} (1M

process to be compatible with the owtlon in the develow decision

ARIRINTU NN INEQ E

Chapter IV includes the detailed description of decision models

. £‘ m the observation

o develop Lﬂdeoision model for the

developed in the DSS concerning the identification of objective function,
constraints of each decision model, and the description of solution

searching process of decision model.
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® Chapter V relates the testing results from decision support system
evaluation result including the capability of decision model in finding the
acceptable solution, improvement in using the proposed decision model

comparing with other :@pproaches , and statistical analysis of user

satisfactory evaluation

'l

® Chapter VI sh the overall"Gesig Aaformation system structure of

the de ecision support luding the Graphic User
Inte A- |

acii Qdeffig : ped decision system to help

cription of operations or

neluding recommendation in
-

AULININTNEINS
ARIANTAUNNIINGIAY



CHAPTER 1l

LITERATURE REVIEW

This chapter includes the description of the theories and recent applications related

to the problem in this research.

applications concerning mo' al 'se # ng and operating, current logistics
network model and best pre S, e nd vehicle routing problem.
In this research, th g mo edical service is initiated with the

objective to reduce transportatio '\\\ 0 medlcal supplies distribution
L ; S resear \ .\- ting problem which is a

computational proble Pplie S the prablem d

nis thesis.

The activities of [ ess. - al Volunteer Foundation has

. |« [ .
been commenced over 4 imte provid 1 edical services to remote areas
where there is limited acce  ranispo tatiol munication. Mobile medical planning

is conducted both decentralized an

’
i

approach to diversify 53 volunteering

provinces. In reakopere olunteers in e will ,give medical services to

certain places i v;—-------------—-----—-—--—--—::: g # rnmental and private

0

The organlzatl%r; of the foundation is d|V|ded into 2 main parts which are central

“BUTINYNINYINT

Thﬂentral office is respon3|ble to cooperate with other agencies and 53 regional

GRIH ST Ty

2.1.1 Central office responsibilities

agencies (Hutachok,.

- Aggregate results and commence operation plan
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At each volunteer province, the committees will gather to generate the

planning meeting on site selection, responsible officers and vehicles to be used. Generally,

sists of 4 wheeled cars,
speed boats and ilable US according to the geographical
appropriateness of opgration sites S aI office for supporting the
operations.

ledical sup

Medical supp _ gional office through third logistics

service providers in order to be '- in

agencies both central and regional

Central office"hes dinate with central hospitals and

regional hospitals for transferring critical patientsor special diseases which required

-
treatments at ce v ¢ k ‘
| P
1
. . Coipeas I¥
2.1.2 Regional office responsibilities

AutinemnenT
QRININIUNRINYIAE
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organization
- Off-road clubs

- Provincial health office

Fmmmmmm e > Central office e mm e -
: A :
1 : 1
1 1
' Members of foundation '
Provincial committee e 1| Associated members
| - Doctoss \
_______________________ ; = Dentists fFTTTTTT o
. - . T - Community
- Governor of province 1 -| Pharmacists X Volunteers !
Provincial health it 7/ | G ¥ Private :
- Provinci comitte l \ -
ovincialhealth COmMICCe 7/ 1 -\ public health ¥ :
1
:
1

Operation site activities

Gather
donations

- 7 2 doctors
-1 1dentist
< W1 pharmacist

- Regional hospital’s executive

- Involved agencies; police; Provide

4 nurses
Public health

1
1
1
1
1
1
1
1
1
1
I .
! executive
1
1
1
1
1
1
1
1
1

supports to
medical

-g_ffi_c_ers

operations

_ N 4 Manipulatio
Planning; Coordinating

n of
-Site with central operation

selection office schedule

- Vehicle

booking

Figtre 2. 1 Regional center's organization chart

Source:/Adapted from Hutachok [1]

2.1.3 Objectives of medical mabile service

= I To'have medical'siaffs providing medical’serviees to patientsiresiding in
remote areas and having limited access to local hospitals.

- To prevent epidemic such as malarial.
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- To have opportunities to meet with residents in the remote communities

or village and give some fundamental consumers goods as donations.

To transfer special special cases to potential hospital for

treatment:

es are scarcely provided or

x olul e rlng operations.

\ erve fe dback from last services.

Apart from 1SS :‘- luntee H oundation, there are a lot of
medical mobile service provid -_ tlng \ same goals and objectives.
However, the foundation net = pproach is formally addressed due to
long operation and history.

There are.ve “applications ‘ad( istribution planning of mobile
medical service "'--— ." ics of mobile medical
services. These 0 fl ion planning for mobile
medical service. - JJJ

AEIEenng

In q}termmmg operation route of service operation resembling the service of

g mﬁ'zmﬁmmm Tl o

roach in determining operation locations for community development block which
scattered througout rural india by using area selection planning. Set covering and P-median

algorithms is used to find the optimum solution in network designing of where the center of
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community should be. There are a lot of social factors used in this paper such as
agriculture, market centers, local hospitals and schools. However, the author suggested that

by using hierarchical apporach is justified since there are too many factors

concering area planing not just ave travelled. Moreover, the weight

wn since there are no discrete
information about each fa ] offrey qbrid covering model which
is used to locate st ambulance route. | thor designed a model to

ites. In the system testing,

of each factor affect the

the author generated I : 'k tO rve whether 10 units with 10 facility sites can
cover to services all 55 podes sing L N O pr : 2nerate mathematic model. The
S adequately arranged into
ambulance route. The pap etter coverage of sites or nodes, the

responsibility zones sho 6 Iie j+and al 1 : "i amount of responsible unit in

. o -, o . .
From this two res€archés - mostly ir g service operation resembles the

operation of mobile medical s 3.Is, the ap| n in using facilities Ication selection
el " o o
il it

theories in order to,coy 0 s es qVer certain areas and the

=

-
,'i‘ nits to particular zo \# there are not yet the

application in usinm:o , Q e’ﬁperation sites of service
operation.

Next topic, the Iieyﬁon support systemiprinciple is discussed. The decision support

s G P B Y13 BV g« e

staffs and ﬂ}dical supplies distribution planning will be developed to help planning officers

RIS INE T

allocation of res
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2.2 Decision support system

In this topic, the decision suppo stem and structure of the decision support

system is introduced.

Decision is very i yles. The quality of decision
depends upon exper cerning factors. With the
increasing capability ogy, col uteri ormation system is applied
on decision makin .

higher benefits in to

Decision s needs in organization

management to be re 1\ isé. However, the decision

support system is develo cilitate cision making of the users not to make the

decision for users (Kitti
2.2.1 Decision ma

Decision making urs almost every'n man being’s routine life such as

:'-!:,y--u--l--ln“n-l-vmu-mulun--ﬂ.lll|ii-iiﬁEi-i ----- : ,,, feeS, d|StanCeS, t|me,

choosing the

convenience and traffi responsibility of managers to

|I
bring company ..—J. success. The decision making proce generally starts from the

analysis of problem to ﬁ"\ﬂot causes as well Wlution concepts in the form of choices or
alternativﬂrﬂtﬂﬂlt%ﬁﬂ ﬁﬁo Ejﬁlﬂﬁw there should be
some Conﬁlling or monitoring system applied to measure whether the method can
efficiently and effectively solve the pr'gblem. Thereforefthe definition of deci§ion making is

et Eestid 179 VIE T8 B
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Decision making is the process or systematic approach in selection appropriate

methodology from provided alternatives or information to achieve objectives and goals.

\ \ adlcts to one another
\\ stimation or forecasting of

® Fvery time :.-u;q_;. akir g which varies from the decision

° .t{ T Mo umstances. Therefore,

it isgly to fail; usually ¢ g when trial and LIJ or of single objectives for

oon&dqatl n

ﬂ PRANHHINY 1N

2. 2 Problem formation requirifig decision makl

Q RAAIDIUURIINYIAL...

pI nning, breakeven decision, project feasibility and product or services prices. These

activities need clarified to correct factors that affect the decision making. However,
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adequate information is not availably provided for every problem. Therefore, estimation and

forecasting is required. The problem formation can be classified into 3 distinctive types.

can generate mathe ion. d, structured problems are
problem with all required | 1ation.available ample the inventory level, if
decision makers know i€t dg J ( *v 0 o- quantity), safety stock and

reordering point, degisl ers car cu '_ > res ntory level formation.

e no exact solution or

methodology. It cannotibe ¢ ( ing .m a odel. The information is not
sufficient enough to solve tr L m; g > Jecision makers’ capability and
experiences are highly required "?.‘ ve the such as stock investment decision.

This is because decision makers-canfot be sure he invested stocks will contribute

. -“,‘ ::,
Semi strm:ture problem have specific Characteris@s. There is no standard

process forssalving .. Thi e_of pri re uire ia ooess for solving
problemﬁ cision rien e io onIy supports the

decision mﬂmg For example, if the&xact demand of product is not known the inventory

TRIRN ARTUR AV WY (I3 D3

AI may help improve the quality of decision making

2.2.4 Decision making and problem solving
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In business, a good decision making is highly required not only strategic planning
but also tactical and operational framework in order to achieve goals. Many organizations

have agreed to the idea of using info echnology for more efficient decision making

(Kitti, 2008 [4]). Decision maki hase in problem solving process of

human being. When probl for best alternatives in problem

—

solving process is ¢
Decision ma king to solve the problems

occurring inside t nted process for required

solutions.

The decision .. SDE 3. on appropriateness to the
problems or decisi and Simon|4 assified decision making into 3
phases which are inte | phas 1ase. Later Georgeand Huber
[4] has integrated the d i @ p i n solving process to initiate 5

phase of problem so design phase, choice phase,

implement phase and mo

fing _sqi_ésis' 0 gure 2.2

® |ntelligence phase .

- "i" Z

At this phase, the problem source is investigated stuchas soot cause of the problem,
_ Y |
evaluation of conseque d -and environmental factors

i

|
affecting the problems in order to create model which is -{d describe characteristics

and causes of the p@bﬂs This model al%to divide problems into parts and find

AN T

® Design phase

AN NIRIAANEIRY.,

alternatwes must possibly solve the problems and contribute highest benefits. Moreover, the
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objectives of decision making are also created at this phase. Models, decision tree or

decision table are precious tools to develop alternatives for decision making.

Pro:olem Solving

1
Process

1

1

1

—am A A 1
f— implementatioRtphase 1
1

1

1

A WAN

1

1

1

nitoring phase | I o

u

Figure 2. 2 Decisia oblem solving process
“Source: A € /

® Choic
i
U

J

At this phase, alternatlves are evaluated and selected to the best single alternative.

““mmﬁijazrw%’w N9

q W e

phase for reviewing the decision making process.

® Monitoring phase
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This phase is the last phase of decision making process or problem solving process.
The alternative is evaluated after being implemented to real situation. If the result of that

alternative is unsatisfactory, the root y the implementation fails is reviewed and

investigated to improve the deci

oR . 1 Hﬁ problem, type of decision

making should be class decisio \\ e . ssified by 3 criteria which
are classified by num 2Ci ..- d u the structure of the problem and

classified by organizatig

To develop a

Organizational

1. Strategic decision

-
N, o
: ntrol decision

Ll )

!
Figure 2. 3 Type of decision making

¢ 4% Source: Adaite&ém Kitti [4

AU ANEEENS. ...

structure problem which requiring sténdadized procegsyof problem solvingifar structured

AR T8 HRAGHIR o
sﬁtem can be developed to organize, manage and evaluate best alternative for solving

problems. Distribution planning decision is the responsibilty of managers or planners in
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operational level which affects the organization in narrow operational scale not the strategic

level.
2.2.6 Definition and evolution decis pport system
The evalution of decl S Scott Morton' has given the

definition of decision suppo 7 h operates with computer for
decision makers to i : the unstructured problem.
Later in 1978, Kee m that linked with human
brains to work unitedly with.€o : ; ility ove decision making. In other word,
DSS is the computerized syste [ \ sion makers to deliberately

(Y
)

om the need to implement

DC
The development I nenta \\

to be more reliable for decision

oY

D rov

information technology f sion making. DSS has been

evolved for approximately 5

makers.

® Pre-evolution
During._th tool. for business sector in

— -

> -y

LT )
busi b"_ Sk ttoo complex and the

o

number of reports were drastically casing, mana f ors required more time to

spend on rﬁ and analysing thuports Therefore, information technology

A UHAE T ARG - o -

nagement information system (MIS).

QW'T?Wﬂ‘iﬂJ UAIINYAY

" as cited in [4]
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During 1960 to 1970, the computerized network processing was gaining its

popularity since through computer network, many computers can be integrated

automati
® Thirdp

e DSS which was the

5‘*-.. decision making of

°
ert system since 1990s. This
system can hel problems with high complexity as if
the experts recom! e,-ra om the decision process of human
being anc ' \disolutions to the problem.
- -= i:_
° -E N

Intellige gent(IA) W echnology of ,';j ormation system in 21°

century. Tb‘ because IA can agcess to other database around the world

1) MR RTHEAN T

7 Type of decision support system ( DSS

AN RIS TINE T

? as cited in [4]
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® Database-oriented DSS

® Spreadsheet-orinted DSS

® Sjlover- oriented DSS

°
°
using processing method
of data and data storage.4For examy ented T a- ng the same processing
method of C++ |a ' elopme DS \\1 eadsheet DSS is DSS which
stores data or model.i icraso ) 1&

Iements which are database,

VUser Interface

’] ﬂ% Database

2,

Solution Algorithm

RIS ANIINYIAY

‘l Figure 2. 4 Decision support system architecture

Source: Adapted from Kitti [4]
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- Input data to system and database

Data input for distribution planning consists both of external and internal

lassified into 2 types which are master

e

such as vehicle capacity,
vehicles
d such as type of
and quantity

mers
t"!. h as location co-ordinates to

vork of distribution centers and

represents the data used to

customers—such—as “arder form or product

|
Objective function

Jgtﬁfunctlon is orgamzunal ioal which is simulated to operational

ﬂ U N TBI WU T oo

organization deperfmg upon organgonal policy. Genedle, objective

R AEATHHRANBAG Y-

to Sawdy[10], cost ofphysical production distribution comprises of

® (Cost of shipment which depends upon the method of loading

product into vehicle and type of vehicles.
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® Cost of transportation is the most cost incurred activity in physical

product distribution since it takes time and resource. This cost

ifficulty in distribution planning
tion are

\. itated capability, number
\ ailable time affecting the assigned

d type hicle

type and quantity of products

Jelivery point affecting type of
rfr.a. " i'.l ry

EETI(Z1C

If too > ts are appliec anpet effectively solve the
—_T - . . .
,,,,,,,,,,, — m““fr‘-o slightly increasing
LY )
conditions ‘I‘-" c Als10 be consistent with the
|

problem. Eof example, Bell developed estimatars to solve problems then

applying time ‘(Eralnts for Con3|demlg and improving answers. This reduce

PAUHETNHRINYARN G e

ooqlralnts into 2 types that are hard constaints-must follow the constraints and soft

aﬁ“ﬁaﬁﬁiﬁﬁfﬁ'ﬁwﬂﬂmaa
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Distribution planning requires user interface between users and

computer. The example of interactions between computer and user in

tics and scope of problem
® Computer choos wd information to analyze the

outers to their solutions and
he problem for clarifying

edils{ Xperiences rather than solution
J
the clerh

SOMPULErS:

Therefore, DSS r and cooperation between users and

computer to gain Marble (as cited in [4]) suggested

that withs f;."mmum-m‘rmummlm.. d-computers, dime for solving problems

LYy o

can be readced

At present, the concepts in probl;

B
olving for distributi rj planning from Krolok can

be classified m? 2 aspects which are

A U INHRINEIRT

® |nteraction between users to |mprove decisions from DSS

q ‘We'lﬁvﬂf] STy

In conclusion, decision support system is the system which linked between human’ s

brains and computer capabilities in order to improve decision making. DSS requires
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computer to support individual or decision makers can manage to solve semistructured
problem effectively and efficiently. DSS distincts from other information system in

® Able to cope with ed problems

® Able to s evel of decision making; strategic,

individual decision making

orking, decision making and

\n enting DSS

Logistics model onsists of 3 models which are

direct shipping, hub a
2.3.1 Direct shipping

Direct shipping istics or physical distribution

R

. 4 - -
such as passengei-cars=and-buses=Produc ‘ir ace of origins to point

of delivery. This trao - g tmny point of delivery and is

very flexible and agite to demand changes. However, if the vehicle is not fully utilized, this

transportation method‘ismt very efficient leading to waste and unnecessary cost in

e ST A VR o

transportam method is very popular and adopted by many organizations since there is no

SV VN FAB TR AL iala (LA 18

dﬂtribution network of direct shipping approach.
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Q Departure node

Destination node

The hub-and-s ‘ 10d r network) is a system of
connecting all de : hubs in which all traffics
move along spokes 0 -_-f‘uf- commonly used in industry, in

particular in transport, telecommunic nfm'@f . ation. This distribution model

N AL .
highutilization ¢ odel can be represented by

L7\ T

is very cost effective and hze

Figure 2.6.

to Bahrain

O Germany

Egapo@ # F z ‘
ﬂ‘LlEJ’J‘VI j%";';, $RIN7
QW']MT’I‘EE‘LJN NANBIAE

Figure 2. 6: Hub and spoke network

Source: Picture from http://www.lboro.ac.uk/gawc/rb/rb74.html
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® Benefits

- For a network of n nodes, only n - 1 route are necessary to connect all

dis n - 1, and the complexity is O (n). This

> routes, or O (n2) that would be

@ther node in a point-to-point

\\:1\* ly. lea to more efficient use of
\\ are more likely to fly at full
once a day.
orting and accounting, can
ode.
- imple, ar 0 new on created easily.
- yfind t ~‘ ore intuitive. Scheduling is convenient
ith frequent service.
o Drawba-
to-ddy operations may be
-
-;I tively inflexible. Changes at the hub, or aven in a single route, could
hav‘ unexpected consequénées throughout the network. It may be

A UEF RENINEA G o o

between two spok?

AR T URTIN =
resources must be used carefully to avoid starving the hub. Careful
traffic analysis and precise timing are required to keep the hub operating

efficiently.
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- The hub constitutes a bottleneck in the network. Total cargo capacity of

the network is limited by the hub's capacity. Delays at the hub (caused,

SROKE 02 mechanical problems with an
twork.

reaching its destination,

point trips. This is often
| sorting and consolidating
=-CritiC argo and passengers.

e a single point of failure.

2.3.3 Milk run mog

uction materials from different

Milk run model conce F}_,.e._?, .

suppliers according to scheduled-time: € delivery for production. At each time,

e
vehicle will carry materia product up | acity of vehicle. Each vehicle will

travel around appaiRted suppliers_Milk Fun systerm is Foi _.‘L d than hub and spoke
system. Hub "yl'*- customers and numerous

suppliers while mi «I run requires & volved agencies in j',j supply chain [7]. The

distribution model is sr?wn in Figure 2.7.

ﬂUEJ’JVIEJTIﬁWEJ’]ﬂ‘i
ammn‘imumqﬂmaa
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=
Source: Picture from http ! .- Si-hole ,' sport/images/02/supplier_en.jpg
® Benefits A
s
erlwi . leaved” depot empty pallet enables to carry other

- Wer hurber of Vi lete task
e ¢
h—!lmmmmm 'aVaWaYaYay

® Drawbacks = i
i.! i
- Required high skilled planning officers

AU T

- Require hiih p‘rformance_ informiation technolog

QRIS THTINEN A
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2.4 Vehicle routing problems Theories

Vehicle routing problem (VRP) is one of the most important problems in logistics and

supply chain management [8]. VRP can be apy physical distribution from suppliers or
vendor to customers or s .l-, wareh plant. Companies find ways to
improving the firms’ logistics
management, number i in.delive nd customer service level can
increase drastically. G N e divided into 3 levels.

- Strategic planni

Tactical plannin

ection in management such as
the design and location s . Tactical planning involves the decision of
how many vehicles the ¢ any-shiou o by ieving corporate goals. VRP is the
problem in operational level © : .- 1 7 ing. In other word, how a company

manages to distribute i at the-possible minimum cost.

VRP is conside 5’—{&-(: ....... NP hard integer p rogramming pr -.E‘ ich the computational

m e.mjblem’s size [9].
2.4.1 Type of vehicle routing problem

¢
| iSm resear h"nl ical and. iC li istribution by road
transportati uEI T etth i ﬁcﬁliul operation sites is

focused. Tm problem has the charagtenstlcs of vehicle routmg problem tkvehlcles will

ﬁﬁﬁmﬂ‘iﬁ;ﬂm}fﬂm&ﬂ

to deliver products to customers with minimum cost. However, VRP can be different

time required for solving p
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depending upon the management, situation and objectives of each company. VRP can be
classified by different attributes as shown in Table 2.1.
Table 2. 1 Type of vehicle routing proble

Characteristics Jption: "J‘”I f /A haracteristics Options
LA IS ~

Size of the fleet n_- of the | -Single depot

-Multiple depot
Type of demand -Undirected

-Directed
Vehicle capacity . Cpp—- ki route | -Same for all

vehicles

-Different for all
vehicles

-Not present

-Pickups m Dbjectives -Minimum total

Type of
— — -
operations —DeIiveri, JA 2 ction routing costs

-Minimum fixed

ot .
7 | | and variable

1 costs
Il

-Minimum

numbers of

AULINENINGINE

Source: Ampted from Murdick [60

ARARATHURAINY 1R

VRP is the generalization problem of Travelling Salesman Problem. In other word,

VRP is considered to be multiple TSP which is the problem of generating m routes from
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depot to nodes in the system. At each route, total demand should not exceed capacity

constraint of vehicle with the objectives to minimize total transportation cost [11].

The level of complieation-of vehi ' aries from the simplest to the
most difficult that no ! i' 1d the opiti d answers. The type of vehicle
routing problem o the level of problem
complication.

® Travelling Sa
L] M

L Vehicle Ro

2.4.2.1 Traveling Salesman P
Traveling s "??E‘fﬂﬂ‘ o plest problem in vehicle routing

problem series. The vehicle leaves epot to visit all customers within one

route ignoring cor sle Capacity and return to the
" gy e ———————————————
depot. A8 pies Y )

) {]
AU ININTNGINS
ARIANTAUNM TN
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d
Source: Adag,ed from [12]

ANSINUNINGNN S

The M-TSP is the mor& complicate solution of Traveling Salesman Problem

RSB TINT TR e
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2.4.2.3 Vehicle routing Problem (VRP)

The vehicle routing problem aims to find the numbers of routes and the

Customers

Vehicle Routes

15

g problem

m [44]

-——
rehers are trying to ac f“'f» be resembled to real
practice ant

g problem in recent decades;

ATEARENEHEAAT e e

available vehicle share‘the same maxmgcapamty

ARIRIAERUAIIY aY

It is @ VRP with many depots in the system. Therefore, the assignment of

e. Hese are the variation of

)

vehicle rou

which customers should receive from which depots is considered with the
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objective to minimize total travelled distance or minimize total cost of

transportation.
°
ndary such as start time, finished
°
one time.
° i _ ( A RPPD)
i e same time delivers the
°
before picking up.
L] iodi icle f-u- l--lc Q i
S ———
It is the mixtu. ﬁfﬁ ignment problem which generating
If the probl

ha e uncertainty, the problem wil shift

e problem in this research

to stochastic*ehicle routing problem (SVRP). However,

AN Snens

In the past, to find the glutlon of VRP,ithe experience of nners and
Qwﬁ%\ﬁ Fhe Shbat e Vb B Fhvoo
plloate The quality level of solution is acceptable. However, when the business is
growing leading to the complication of distribution system, the proper distribution route can

drastically lessen the redundancy in operations and transportation cost. Therefore, the
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problem size becomes too big and complicated to use the planners’ experience in

generating feasible distribution route. Computerized approach is applied to help find the

ization. Each of the approaches

. . . B n
by generating mathe vith lo \ e when the problem size is
bigger. Heuristic Og i | le| * \To ‘\-éﬂ ptimal solution with less
N ) erefore, in complicated and

.;\.,

find the optimized solution

u find the feasible solution.
hich had been studied for over
40 years to find the optimized solutic asonable uting time, many researchers

focus on using heuristicg ( istice g 9 method for optimum solution

2.4.3.1 Exact Optimi .= —
f:'-*'.i;:nu:-f .

’ e
r ."-' b

s e

!

By appl in th : awever, the computational
|- ¢ e T e TP, A
time is too long T} ] ble ifel i_;—j: be used with fewer

customersmthesyﬂ. : mizﬁn are
- Line programming

ARTL2loN )20 e 1l

equation. The maxim@m size that capzbe solved by thisimethod is 42

AR e SR R R

- Dynamic programming



46

Bellman [21] is the first pioneer researcher who adopts dynamic
programming to solve VRP. This technique finds best solution by

determining a solution for ¢ 5¢h node added to the routes. Later, Held and

step oIving problem which are

m\\o divide a big sized problem into

( \\ 2MS ~ ding is to define the lower

\ \g\ big-sized problem will be

s of possible solution to each
are partially able to find the answers.
be aller than the initiated problem

[18].
2.4.3.2 Heuristie

T -'&mmmimﬁm"u.vn-—‘:‘j‘ the |dea to save

Yy, N

computatic Od=can be classified into 3

| U

categories;

ﬂﬁﬁ@%ﬂﬂﬁﬂﬂﬁﬂi

Constructive method is applied to find the feasible solution with focus on

M ST AR

O Nearest neighbor algorithm
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Savelsbergh [19] described that this method is a greedy algorithm.

Route generation begins at the depot and selects the nearest node to visit.

Then, vehicle travels from the last visit node to the next nearest remaining

Equation 2. 1
Leng
Length of .opt 1
osenkrz ‘cited - s the first to introduce this algorithm.
The algo ode in sub-tour for insertion.
This is the p

one node

rom i to j and from sub tour ,i-

R

closet to any node | in the sub-
14

JJI'
tour

AuE SN

Repeatgtep 3 and 4 un‘ul&nodes are moludeU the tour

AR mn THURTVREF R

is calculated by Equation 2.2.
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Equation 2. 2

Length of nearest insertion tour

troducec -.- Clark and Wright [26]; it is a simple
*}" \\\\ most adopted heuristics for

\\ 2 |s algorithm is to merge 2
(0,...,i,j,...,0) with the
3 ¢ d Figure 2.10 shows the

AN
LN N

"\

Equation 2. 3

q W'] mmmumw Tl ) EI

Source: Clark and Wright [26]

The procedure of saving algorithm method can be presented as follow
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1. Calculate S;; = Cjp + Co; — Cy;

forij=1,...,n and i # j and O refer to depot

Create n V

o st 'n gorithm introduced by

..’i"i‘. e

@\\* e

ris IC 9 -', ove fe . ble solution by exchanging edges

ses on the rearrange the

ging route.

hic .' butes. These following examples
© improve feasible solution of VRP

-.
F'ii is applied to develop
ites are selected and k customers

JJI'
from each route are shifted to the cycllc route permutation.

AR aﬂniiﬁﬂiﬁ% PraY

O Kinderwater and Savelsbergh [25]
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Exchanging nodes is applied as the method of improvement.

3 main operations in solving are relocation, crossover and

L a ~.- | 1 2 types which are

£

g p en the solution is found for
ro ‘\ |s approach includes Fisher
& MetnoC

dJ

.|' ! .
13’ A \ ep algorithm, Petal algorithm

and -j-“f"" 2 ithm

e
sl

A

6eflrSE Cluste

-

O IS generated by using TSP. Then the VSP
ase routes within the giant

-
s school bus routing.

2.3.4.3 Nﬂheuris s sea I;J
d

Metahefnﬂu emphasized on t erformlng of a deep exploration of the

AL N BT W A e

proaches is far better than the obtained solution from classm:al heuristics.

AT SSIrTMa Y

Marco Dorigo [27] pioneered this algorithm inspired by the behavior of

ant colonies. The algorithm applies TSP and quadratic assignment problem as
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procedure to find solutions. The procedure of this algorithm has 2 phases which
are the construction of vehicle routes and the update of generated routes. There

are other algorithms rece loped for solving VRP such as Ant Colony

System (ACS), MAX- and hybrids of colony optimization

with local search. /)
i o —
——

3 n‘?‘::.i:";\i'ﬁr uristic. approaches. According to
Braysy [28] cally in \'-.u [29] and applied to real

he cort

at is to survive of the fittest

N W

' ~gene S \ ve solutions to problem. The
solution mus string, simila
I W

20 \: [29], [45], [46], [47]). the

uma hromosome.

genetic algo [ 3-opera lion, reproduction and mutation.
7 on the fitness to reproduce the
offspring for new pop _ = g the same characteristics of previous
- e combined to create a child with
are manipulz nain“objective of mutation is
to avoid coming homogenou: eads to |

| optimum. Randomness

creates higt‘frlcnmi\nces of population‘vﬁ[iance.

243000 EINA 0L R (L R
y researche to'reduce com time by adding variants to GA
procedure such as Ann Tﬁhe and K.C Tanzf32] by focusing onfall aspects of

NIRRT N HEAR

process and mutation process.

- Simulated Annealing
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SA is a stochastic relaxation using statistical mechanic to solve VRP. The

method uses multi routes improvement heuristics to find another solution. If the

the new one is applied immediately without
y epending on the T value as the

33].

new one is better than the

condition. If the n

temperature of th

hod to find the solution. Tabu

search help “neighbort rch to being trapped in local

)

‘.

ch record the recent history of

prevent cycling back to

Ultimately, appropriate approach to finding
solution of VRP due to puting fime. However, there are lot of examples from

developing heuristics but real situation. Heuristics search

method is allowed to combine w different typ euristics to improve computational time
= .-! A ..n-’ f

such as the work of Than gorithm 1o par‘[ition customers in
sectors, then creaie a route of each sector withthe—insertion: method of Golden and

Stewart[36] , the' 371.

2.5 Literature Review

pmb.ﬂimiaf {E40 1WA L1t

The Constralnts are added in orderfthat the problentaresembles the reall practice and
FRAA IR IN Bt b

the better feasible solution closed to optimized solution. The inspiration comes from the
work of Dantzig and Ramser which the work had been published around 1950s. The

reasons why VRP has received much attention from researchers are the problem can be
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found often in everyday life and the problem is theoretically complicated and challenging in
developing methodology in finding optimized solution. The problem can be classified into
two categories of deterministic and dynamic depending upon the characteristics of
necessary information. Deterministic problems are problems that all necessary information is
already known before generating route while .dynamic problems are problems that all
necessary information follews one after another during-the generation of routes. In the
literature review of this researchy only deterministic problems are discussed due to the fact
that the problems in.ihis resgarchiare assur?ed to be deterministic. The classical problem of
vehicle routing problem is Traveling Salésman Problem (TSP) which came to interest
researchers in 1920 by ithe méthématician a}ad"économist named Karl Menger before being
introduced around.the waorld by Mer_jll ﬁood.ﬁhg_n in 1954, George Dantzig, Ray Fulkerson
and Selmer Johnson have proposed the seae_cdhir;g algorithm which can find solution of the
TSP with the 49 customer nodes. <Fhen, the-:problem is evolving continually until 2004;
Applegate Bixby Chva'tal Cook anq_Fjelsguan-’,:-géQ find the feasible solution of vehicle route
to visit 24,978 cities in Swedem_i.. VRP-is' the ge','[ﬂéré:h:zation of TSP which has more than 1

vehicle which the problem are classified into maﬁ:{ types according to the characteristics of

the problem. Geénerally, VRP are assumed ‘to- pe deterministic which all necessary
information is kﬁdmtéﬂg with the objective to
minimize the tota-lrl{gransportation cost to visit all nodes, then sidéxzzonstraints such as the
capacity of the vehiele is added into the model; the problem ‘is"called Capacited Vehicle
Routing Problem (CVRP)#However, if there is fare than one depot, the problem is called
Multiple Depot|Vehicle Routing Problem (MDVRP). The problem [of which vehicle delivers
products té customers as well as pick up products from the customer to deliver to another
custemers...is .called Mehicle .Routing ,with. Pick-up and .Delivery(VRPPD)(Lu and
Dessouk,2004)3When there are constraints, of time windaws in delivery involves the problem
is 'called Vehicle Routing Problem with Time Windows (VRPTW) which is studied widely in
both mathematical model generation and searching algorithm development. There are other

types of VRP which constraints are added to imitate the real working environment into the
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problem. The approach in finding solution of VRP is developed in both Exact Optimization
and Heuristic Optimization. By using Exact Optimization, in 1980, Paraftis applied the Exact
Algorithm by using Dynamic Programming approach; then, in 1985 Kalantari et al,
developed the Branch and Bound algorithm to'find the solution of Single Vehicle Pickup and
Delivery Problem which is capable to find the optimizedvehicle route of 15 customer nodes.
Kolen et al, proposed the same approach"of Kalantarivetral to find the solution of VRPTW.
Then in 1997, Ruland'and Rodia'preposedithe branch and cutalgorithm which can also find
optimized solution .te'the 18 customer nQIde problem. Dumas et al, developed column
generation approach. by using branch and]:'cut algorithm to solve the pickup and delivery
problem with hard time windows Which can fEncT'fhe optimized solution of 55 customer nodes
to be visited by .ene vehicle. Lin__eaF prog;riarr‘_]_ming relaxed set covering and column
generation are proposed by Lu and Dessoul{?_go frind the solution of multiple vehicle routing
with pickup and delivery By applying branch 'a’rad cut algorithm which can find the feasible
solution of using 5 vehicles and 17 glstomer ﬁég{e§. The Exact Optimization approach takes
high computational time and thé. efficiency in fifid'i'n;gl:optimized solution decrease when the

problem size is bigger. As a result;j many. resg?’fghqs are aiming to develop the Heuristic
Optimization which, leads to ihéﬂbétt:er quality: 5f-sc1)Tuti;n within réasonable computational
time. Heuristic 'éb%mrbe—cmw—mo—dmw—m@mgﬁc and Metaheuristic
approach which th1e efficiency in finding optimized solution is devélg-ped. As for the classical
Heuristic, the most adopted method is saving algorithm which has been proposed by Clarke
and Wright in 1964. Thefalgorithm aims to findsthe vehicle routes by finding the saving
distance in‘using vehicle to_visit'many customer nodes instead of Using a vehicle to visit one
customer made. The work process of the algorithm includes parallel approach and
sequential.appraoch,of which.Gillbert et al propesed.that.the parallel, working.process leads
to better solutioniquality. Apart fromssaving algorithm, in 1987,/ Solomon hadi proposed the
preliminary routing of Push Forward Insertion Heuristic(PFIH) which the possible solution are

listed in the preliminary stage and enter the improvement stage of generating appropriate

route. This approach is comprehensive and high efficiency in finding solution; moreover, the
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upper-bound of the numbers of vehicle is known before routing. The algorithm try inserting
new customer nodes in between the already arranged customer nodes at the best position

within the route complying with the constraints o vehicle capacity or delivery time windows.

There are many applica:_r' solve problems in real situation for

many organizations. These ations of using heuristics to solve

Generally, ve hysical product distribution

and material trans ehicle routing problem is
applied in distributio : il distribution, there are less

applications applying v Probl g pl manage logistics system of

Vehicle routin '_ to distributi ions of milk and ice-cream
company to deliver the o cf omers withtt int of limited shelf-life of milk
1, 2 opt algorithm is used to

ce. Dijkra’s algorithm is used to

find the shortest path between t; 'be applied to this thesis. Moreover, the
P _,,Wf::ﬂ@? be a0

T ) > el
limited shelf life Iloﬁe product follows the M A'staffs’ available time for

'\: ibution of milk and ice

cream distribution ﬂ 0 sﬂln‘e with the responsibility
zone in the distrib A n. Later, Orawan [48] have studied the

ting system for trucks to
collect solid wastes in ﬁ.aﬂKean area. The brafich and bound method is applied to find the

e b AL TR P o e s

path betw each pair of coIIectlng point. The idea of truck travelling to correct solid

b O ATk N WAL I 1o

Sahee [49] has proposed the development of the vehicle routing system for consumer
product in restroom with single depot to distribute the product to other retail stores with the

objectives to minimize total travelled time. Clark-Wright is applied to cluster customers of
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diverse areas. The real travel time is collected with the assumption of normal traffic condition
and the time for loading product depends on size of product. Saving algorithm is used to

solve routing problem. The concepts of cting real travelled time can be also applied to

/ for gasoline delivery. Three types of
vehicles are available with ints o are not permissible to travel. The

saving algorithm is am the'irobl

computation time. T

this thesis. Krisakrai [50] has dev

ason of simplicity and less

right method to lessen the
computational time 0 other method. There are

attempts by Narupor or distributing home furniture

with 3 different types oods according to different
distance. The sav n with the reason of its
simple and easy to u -Warshall was used to find
the shortest path. The re item distribution which follow
the same approach of thi tributing variety of products to
customers. :

Then, Thanest [52] has develg@ﬂf{ﬁml@' ‘ tem for physical distribution with a
single depot, mLIIJI’ye types of vehicles to Megl‘ve to minimize distance
using saving g" m of Clarke- Wright to generate | initiate outes then the route

improvement is ¢ utes. The problem of this

) Al
thesis is partially idﬁ:cal to the problem in this research with single depot of vehicles.
Later, Yuthachart [53] &Jrﬂoated the problemf®fivehicle routing in real case application by

o A 11 T ] 3 o .

depot and e vehicle with the companson among three techniques of finding solution: 1-

IRTANTS T v izm.éizi:zgzzz

thi generation of route then improve the feasible solution by setting lower bound for search
space can be utilized and adapted to match the problems of this thesis. The research

developed by Pongpaut [54] introduced the routing system for medical supplies distribution
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system for different building in hospital. The problem can considered to be stochastic since

there was uncertainty in demand, time windows for delivery and variety of product. Savings
algorithm, 2 opt Algorithm and Anti-in tion Algorithm are applied to find the solution to
the problem. The research can ¢ rib W ple to this thesis since some of the
validation techniques such as s : dapted with this research. Then,

i) s works in three iterative
d__ve 5 atching. Heuristics of route

arch such as conditions

service time and ¢
manner; data prep
establishing and venhi
when another vehicle i i all 2 es on route is not satisfied.
Suttipong [56] dev tribution under capacity

of vehicle and deliver poi ints! ng a spplied again to solve problem

food manufacturer. The dlstrlbutgmperat on . has ‘certain time window allowed. Saving

j,- 1 r_‘ o
algorithm is applﬂ to solve problem smc{amgé
arE

research by using Jata
motorcycles. The probﬁrﬁidentioal to Vipaddiand Duangpan since there has certain time

o B VRS AT v e

algorithm Mﬂnd the shortest path. The research ‘s objective function follows the same

RIS ey

In conclusion, VRP is applied in many of real business practice with the objective

re not flexible enough

an be adapted to this
Mappoint Asia’s website.

Lastly, Thanat [57jjevelops the vehicle routing system daily meal delivery by

to reduce transportation cost. Saving algorithm is the most adapted heuristics because of its

easy to understand characteristics. VRP is considered to be NP hard problem with
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complexity varies upon the numbers of side constraints. The solution search method can be
conducted in 2 different approaches which are exact optimization and heuristics

optimization. The heuristics approa uarantee that the best solution is found;

however, when comparing wi oach, the computation time is less

and reasonable in practic developed to find solution of

VRP.

AU ININTNGINS
ARIAINTUNNINGAY



CHAPTER I

PROBLEM DESCRIPTION

In this Chapter, the mobile medical distribution planning process of the studied

statement on decision criterion
ndustries in Logistic planning.

Distribution planning o o S @classiﬁed into 2 different

processes accordi ions provided: Round-trip

and One-day Trip. | / information for the developed

decision support sys effici 7 ly fi - n di Ation planning is listed.

The study of m g §f éa idis Th Y 'grprocess is important to
identify the chara problem ‘;.‘ the © »,; "'7. currently experiences;
‘ 7 i n ﬂn | : ter alternatives to fix some

problems that the organi'_ o oes not real ore [4]. By knowing adequate details
in mobile medical staffs and ; bu ol ‘ning of mobile medical service can
lead to better understanding of planning proc J.the objectives of each step in
the process; t g,;:ﬁmzmmmm-ﬂu ore easily developed

to comply witf di fre t but still meet the

|

I
organization’s objéctives. The benefits of studying the operati Drocess are

o Bette@ﬁrstandmg of proble@gor operation process

AU ARERTHBAR T

operation or plannmg

quaﬁfﬁ%‘ﬁﬂeﬁﬁﬂﬁ?ﬁmﬁ‘“ﬁm
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In this research, three types of mobile medical service are observed. Planning
officers are interviewed'. Each observed operation site operates in different service

activity. Those sites are

® Ratchaburi Province aen Province and Prachuapkhirikhan

ical service
list service

service

distribution plannifng; medi ffs and supplies 'distiibu normal mobile medical

Planners at eachﬂ
medical staffs to & ‘

do the taik Then, l!’hérovmmal will issublthe collaborative action plan to those

bl b FEb Flogns. wom

warehou and private medical vqunteers to conflrm the date of operatlon and

qmmmm ARATITETRY

IIowmg day. Before this day, it can be a lot of changes in collaborative action plan

cal hospital to support

h scheduled operation site. The closet h spitals usually assigned to

sSuppo

according to how each provincial planner coordinates with other associates or each

" Interview details can be founded in Appendix A
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provincial management and administration style. At the operation date, volunteer
medical staffs are transported from their auxiliary hospitals to operation site while

medical supplies are transported from local supply warehouse to operation site. When

the service is over (usually takes aql our per operation day), medical staffs and

ion site and return to each auxiliary

ical staffs from their auxiliary

hospitals to operation.si ' d bac@vice is over.

' 1 \\ e;ation site Ord. X
»h

lobile medical staffs’

1
1
)
1
[ o
] ribution route
4
/l I’
i . . , -
R edical staffs’ auxiliary
7 ~<.
’ S~a .
. A Hospital
N

FiQUF. on tg aracteristics

Medical smplies are usually not stored at the nexﬂheduled operation site
waiting to be used :‘mnext time. This duge to the fact that the duration of the next

B S RIRTHE AT

in the in@sed risks that medical supplies will be expired and it will be irrational for the

organization to invest_in dical supplies holdin st which | higher
q;pwon ) ﬁe 0 ﬁa' is, distributi ract r&ﬁw neral case
iractice. However, in different provinces, different approaches of medical supplies are

used to comply with the administrative system or executive habits. These are the three

different examples of medical resources distribution characteristic of each observed

province in normal mobile medical service.
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The medical staffs and supplies distribution characteristic of Ratchaburi province
follows the described simple case due to the fact the province itself are rounded-shape
in geographical structure. Moreover, almost every village in the province can easily
access to nearest local hospital
transportation system. There e, it i y to transport medical staffs and

.of the development of provincial road

supplies directly from theirauxiliary f itald ; led operation sites. However, this

medical supplies distii ha it ﬁdequate usage of vehicle

utilization and ove al staffs and supplies to

operation sites. If “located quite close to one

another or in the samé'passage wey to-operation site, this distribution characteristic can
be considered as wastefuldisage of vehiclé'in the industry’'s point of view. However,

charitable basis. Thefefore | or izati 0es not re dlize that there are wastes
i d.d A
occurring in this medical staffs stpplies ' ,

from the fact that this'a ach is'ir 7 -ui;i J ery long time that it becomes the

ation; but it operates in
aracteristic. This is partly due

habitual pattern of me cal s stribution method to operation site.

Figure 3.2 illustrates how med| >aI-SUf al 1 'ted to scheduled operation sites.

angrac

b2 lm’ )5
A9 5&\1ﬂ‘a’ru%;1m’3mlﬂml

Figure 3. 2 Medical supplies distribution characteristic in Ratchaburi province
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The medical supplies distribution characteristics of Prachuapkhirikhan province
are slightly differs from those of normal case. This is because of the fastigiated shape of
geographical structure of the province that it takes about 100 km of travelled distance

from the north of the province to the so uth herefore, the mobile medical service cannot

operates at the proper cost if there i | arehouse in the province because of

high transportation ¢ to all scheduled operation sites

@use located in each service
% zone is responsible for

vincial plan for mobile

in the province. As a
zone. There are 3
providing service
medical service is ap rvice zone to settle the
responsible hospitals i 0 ‘: Toje >‘ ' scheduled operation sites

within the service! z i 2, medical staffs and supplies are

distributed from their.

medical staffs and rem pplies.are ed back to where they are form. This
distribution characteristic is di e f_: ‘_.“, r, ase in the number of medical

supplies warehouses a *'ty of each local hospital to provide

the medical staffs to operatmn;,éFLog 3 cannot support medical staffs to

'"'.f = 'if

i\ﬂ‘erent zZones. ﬁe metﬁ ytal transportation cost

since the distance-travelied-of medical stafis-and supplies-d _,n Bution is less than the

villages in the

normal approac j e it travels wi _ ever, since the medical

staffs is required i oluntarily register to oprat at the operat

service, if the local hd%ws in the service zope have so few medical staffs that medical
staffs Cﬂouvgth%fr%nﬁjawr%feW)%Jm’%iﬂeﬁce, the shortage
of voluntg medical staffs in that zone can occur leading to the borrowing the medical

staffs_from other zones which will €o t hi her tran ation cost or may“lead_to the
LA B b et ik e
%rovinces that have the same fastigiated geographical structure and several capital
hospitals located dispersedly though the entire province. Figure 3.3 presents how

medical supplies are distributed to operation sites in Prachuapkhirikhan province.
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Distribution route

________ e ‘Tjj Operation site
,‘

Aug i re-
amﬁ QaeraitGimwbitals

ase of medical supplies shortage, mobile medical unit will make a requisition to nearby
hospitals to borrow those inadequate medical supplies. Since the medical supplies of
the studied organization are mostly free of charge received from the donation of other

profitable organizations, the exchange between hospitals in the organization’s network
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within the same province is practical. However, sometimes, the organization must return
the medical supplies borrowing from local hospitals which are used up at operation sites

back to those local hospitals by equal equivalent value. For example, operation site A
borrows 200 units of Paracetamol. fron l
return 100 units of Tylenol or 200 units of | 2

However, this patie Fmedi t|on results in management

hospital C, the organization can either

| back to hospital C.

complexity due to the fact the Y iC pplies are not actually equal to

pay to return small-si C Jic es thr ransportation service of back

to hospital.
3.1.2 Medieal stz ‘ pplies di _ mobile ¢ thalmologist service
The distrib omplex because of its
detailed and specific ization is providing. Mobile
oculist service requires 1 1 C on site in order to screen the
] _:r“.-’.u‘.
customers (patients) with ey _diseases who can be cured such as those who suffer
from Cataract disease which require eyes 2 o remove eyes’ lens which will be
replaced by aspheric lens ch has to be specic 3 inc q;;:, ordered in order to

match with .‘M vidual cus 1“’ lens, prescription is

required. Therefoﬂmedio a orted t screen patients and to issue

prescriptions to make aspheric lens for each individual patient. Then, in the next two

f‘l 2 immm M T4 o
patient ﬁ ol ri Esta sﬂ! case are mostly

volunteer culists from Bangkok or@rlvate hospltalsgoe there are so fwoullsts or

PEIRARAR NI
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Operation site Ord. X

Return trip for eyes
operation

First Screening trip

Local Hospitals

Since mobile oculist sgfvic Ve Ce ex'and detail \ ervice operation; the
same medical staf ‘ \ e sa . ation site; medical supplies
are individually different ' v cadibationt: e service preparation and
operation planning reduir process {h : ot be integrated into the same
distribution planning process lik ‘ d ntistfy’s service operation and
normal operatigr_m. Moreover, dué to-l istin cti : ized service operation
compared with:the other two services and dif vah: Dlies preparation
including the t .; 510 yrecess in the
developed decisiupport system does no ude the o le oculist in the scope of

distribution planning iirocess of the develope%}stem

A SAEIEEUFTEVE CIETaFat

The distribution pattern of mobile medical staffs,and supplies distrilgution are the
I B S AL BB
1ansported ito operation sites in each operation route due to the fact ‘that the
organization has limited numbers of vehicles to enter the area of operation sites. Medical
staffs are usually from the hospitals in Bangkok or private hospitals. These medical staffs

are voluntarily registered to provide medical services at operation sites; they usually
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spend their available holidays of the year by registering as mobile dentists of the
organization. The process of mobile dentistry service of the studied organization starts at
the operation requisition process; each regional public health offices in each province

will brainstorm with provincial publi calth office as well as the experienced

representatives from the ‘ ; to make the requisition and to

consensually determine which operat "added in each operation route

@ry service. Once the yearly
_ MO work at their preferable

is approved as well as

that the organization i

operation route is an

the total numbers of membg i ol al te N sterec required, these medical

or leave the province. ORce e ,' —J " lies are ready and fully loaded,

each operation sites is visited,-g\W{)_‘ ne as ineperation scheduled of the operation
"‘::-" o ,
route and vehicie wil lical supply w o prepare for another trip in

L - r
the next operatioh=route=at-the=same=time=th; at { lical team is entering or
iy ' Ry ?

arriving at the provi nce ical.supply warehouse. Figure

3.5 shows the medical staffs and supplies distribution pattern 6l
-. O
u warehouse
I NINEANTD
' 3 i L ~ 3
1 il ~ ~
P Y )
1

AR 3

obile dentistry service.

-

-
3

b

-

~

~ Operation site Ord. X
~ -9 s
A @I NS

7
7
~
~

Figure 3. 5 Medical staffs and supplies distribution pattern of mobile dentistry service
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Unlike normal mobile medical service that the volunteer medical staffs are from
local hospitals within the same province as those of operation sites, mobile dentistry
service usually uses medical staffs from Bangkok and other provinces. However, in

normal mobile medical service, there dentists providing medical service to the

customers as well. Since the ed in normal medical service and

mobile dentistry service e 5 not very > high frequency in usage and

quantity, these different.types. erw‘s a@ed into the same planning
process of the dev# . 5) eIp the planning officers

From the Literailire Review ﬁ : _companies use total transportation
cost as the company’s objectives: nd goal‘ant aim to reduce the cost as much as
possible. However, to dterm* [ota ost as objective function in vehicle
routing problem can Iead_ﬁ" U ) ity in finding optimal solution of

decision !‘.‘-‘_ ‘Iied distance and

transportation { ,.\# rather than use total

transportation cost 'S those @ 3 jécti function plays the most

important role in deo|S|on making since it is the measurement to evaluate best alternative

from o her i priate objective
functlo suc H i zjwce afcj ﬁnptness in data
analysis yd quality of data analy3|%uThese are the analy3|s of using dlstarE(} time and

TRTRIN I URIAINYA

® Distance

By using distance as objective function can lessen the complexity in

finding solution of decision model since the distance represents transportation
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cost that directly vary with distance. The less distance travelled, the less
expense will be lost in transportation including maintenance cost, fuel cost and

etc. However, distance value is affected by many physical factors such as road

aracteristics. Therefore, to use distance as

network, traffic system and ql :

olex than distance since

7 . ‘ O Thiciige " -f-. portation such as traffic
condition a itdtiof i v tering-deli ‘\\ w admg to inconvenience in
‘ ' : nos ve function is usually

|6 ‘L-.. ering as the important

quantitative measurement.ir - ic ity suc s'post delivery service and

third’s party: gis
® (Cost

\BA cmplex approach in

findin ‘-@ tors leading to the

change os 0 st 0 Io@ 7

vehicle, 4 mlnlstratlon cost, inspection cost and cost of delay. Many
ion 0_seek_w e transportation_cost; therefore, most

ﬁwﬁﬂgﬁiwmme

usmg cost as obj eotlve}motlon is the most preferable objectlve function of

A WAL VITNEAY

rational scaling factors to convert those factor into cost. Therefore, if the cost of

ng and unloading from

transportation during delivering period is focused, distance can be used

instead as objective function since during the delivering period the cost of
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transportation is directly varied by distance [10]. Figure 3.6 shows the linear

relationship between transportation cost and distance during delivering period.

Cost between rdes , C. (£)

Figure 3. 6 Lin€ar relatio h|p tween transportation cost and distance during

tra S ma atio
b o T

n'éf is research, distance is used as

objective function of both -‘:’5'";‘4!'09-
day trip distri 0

From the objective f{

ip distribution planning and one-

nsists of two types of cost
e Y

-
that is fixed co N ﬁ is usually cost of

eﬂad , : hiIriabIe cost usually the
k|

cost that increase during delivering such as cost that varied by distance. In mobile

medical e, eve the_organization can
retain rﬁlﬂ E—I ﬁ th ugej or ﬁs objective and

policy. O cost that varied by dlsJance during transportatlon is focused since other

AAIANTLITAL TN IRy

compames in the form of donation. This differentiates the decision making criterion is the

borrowing vehicl

mobile medical service distribution of medical resources from those of other industries.
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3.3 Problem Formation

Even though there are a lot of types in mobile medical service of the studied

organization, in the distribution pattern points of view, the service operation of mobile

medical service can be classifi ( o distinctive patterns according to the
distribution pattern that are con scutive f intermittent operation.

Consecutive ope is i i esembling the operation of

mobile dentistry se ‘ @tribution Planning” in this
research. Medical staffs Splies are S| \ ) -5,? tly one certain place waiting to

ecision making point in

round-trip distrib Slafini IS _; ide which operati s should be in which

|sf|e within -the tramts hat the numbers of operation

h{-‘i ¥ ,
sites in each operation route -éé‘nét—exc I Worklng days of the service-time

period. After the operanon_x;dgjefﬁ_’:ﬁéeﬁ
medical staffs.%j supplies required in eac

objective’s function are

ne period is gained, the quantity of

e e

oA route is calculated to

"J gistration of medical

0 akin_ﬂull detail in year plan for

create the strategic year plan for th

staffs (which is nonvclue

consecutive operation or round-trip distribution plan.

Y- . | . .
rmittent-ope h € 0 jrese » ration of normal
oo B Y S

researchqll/ledlcal staffs are store%nn different types and quantities in &j‘ hospitals

BRI AT INA TqH

which hospitals should support their medical staffs in which type and quantity in order
that at the operation site, medical staffs are available to operate as required numbers to

meet the objective set in the decision support system. Another decision point is after the
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supporting hospitals to each operation site is identified, how or which method those
medical staffs from their auxiliary hospitals will be transported to operation site. For
example, at operation site A, on day 12 October 2009, 3 doctors, 3 dentists, 3 nurses, 3

dentist’'s assistants and 3 Pharmacis required to successfully operate at the

upport system, planners can easily

" ls and type'a tity of medical staffs that the
i ~@ port tdoper@m the previous example,
Hospital a should ﬁ—' i ‘Mentist’s assistants and 1

Pharmacists while ists, 1nurses, 1 dentist’s

assistants and 1 P SGis! ) 0 doctors, 1 dentists,

distributing medical staffs to.@p@-‘lf) peration siter ever, the vehicle is not utilized and
o -t .pr"' & Lo
usually requiredya lot of vehlcTé to tr nspo' _staffs to operation sites.

Therefore, two patie

z

edical staff pickup route are the two new

decision support O reduce transportation cost;

meeting point an pattern proposed in the

decision support sysfrhI

B RENTIAT «

transportmon When there are many nodes in distribution network, by transporting from

man rture no es or s oke to certain point calléd*Hub” before bein egated
a VTN i e vV v

ansportahon than by dlrectly bemg transported from all departure nodes to the same
destination node [13]. Figure 3.7 shows the illustration of Hub and spoke distribution

system. In mobile medical service, especially with a lot of supporting hospitals
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collaboratively support medical staffs to operation site, meeting point may help reduce

the cost of transportation from all hospitals to operation site.

Point-to-point system Hub-and-spoke system

_\ .
aﬁi-c

/""\

. .
Hospital C

p ™
Oply Warehouse

-
'kJ
Another dﬁlbu 0 up rﬁ which in this research
“pickup” will be u d to shorten the name. The method is inspifed by Toyota’s Logistics
System called “Milk !J!nﬁo?ota plies Milk ‘Rdn system t"iCk up raw materials from

LT GAE LI DI

work statﬂ Some applied pract|ce£f Milk Run is Iong -haul freight transportahon When

Qb W) AT N

product lot which consists of lots of different types of products that stored in different
distribution centers. Milk Run will be applied to generate pickup route from those

different distribution centers in order that the customer receives the product as order
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with less transportation cost. Figure 3.8 shows the illustration of Toyota’s Milk Run

Short Leac igh Freq Cost Re
me elivery . duction .

. TS A
199y )
En= o
u-'p‘" u-' - y " B3 ey Tias 03
system in pickin w mat re‘n ing wor l n of production line.
22NN
\
== (A
ital B ﬁd
= -ﬂ‘tE"F gl \
bl s '
Hospital A Y e f.".::l A
' e <)
IEEISIS! — n
Supply W g *.fn‘,# 2/

m I

n_-_—_-_u
n_-_—_-_u

Hospltal

ﬂUEJ’J%%W?WEJ’]ﬂ‘i

A " Operation Site

ammnmwwmmaa

Figure 3. 8 Toyota’s Milk Run distribution system

Source: Lean Logistics [13]
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Each distribution method has its own unique advantages and disadvantages.
Table 3.1 shows the analysis of benefits and drawbacks of each distribution pattern in
different perceptions which are distance, vehicle utilization, time and flexibility.

Table 3. 1 Analysis of benefits and drawbacks of each distribution pattern

SAE N — -
Attributes Distance l\:‘\-;{\. \\ ! f‘, - ravel Time | Complexity in
N Nl p
""‘-"--;‘ E Gl management
o e —

Direct from No
hospital
Meeting Moderate
point
Pickup route High

The developed .F; D ‘ will calculate the measurement for
planners to make decision ondi : hod based on the fact that which

measurement is prioriti organization’s objectives. The
information of Em..m;;;.mm‘:;;;{f affs each supporting
hospital suppoft#to o 7 an~be used to create the

' oy i
monthly operatioplan for mobile medical service of eac L‘

ovince on yearly basis.

Figure 3.9 iIIustratesih‘eaoverview of stages ﬂwj scope of developed decision support

LT AL e

system

ARIANTN NI INAE
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DECISION SUPPORT SYSTEM SCOPE

Round trip distribution planning One trip distribution planning

Y

eving Forecast of medical
plies and staffs

1g setup data and supporting
ata for calculation

\\ ng Wk nation of hospital’'s

apacity of medical staff

59
A NN
Ly v

\ E..-..........-.._......-..._.._...____._._:,.-._..!. i Jution plan for
ration-olrmedical stai utionplanning
Y
-i

i

Resource Management

AU ININTNGINS
ARABIATRIAI NI

on planning

The developed decision support system is able to plan the distribution of the two
types of service operation concurrently; however, the logic of decision model in the

developed decision support system is different and independent from each other.
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The developed decision support system is one of the components of operation
support system for mobile medical service research project. The developed decision

support system is in the planning process of mobile medical service which can be

illustrated in Figure 3.10.

w B
Planning Process e | service
Local public . e r
Health | Pro ffice Central office

Office _J

ssigning locals /| |-
spitals
istributi [:12 .
metl e ki
S t o

J, = : lan

|
Receiving

quisitions from
central office very province

LIPS o/ -

NI W

route plan Issue operation

n plan

AW NIEL iR

q plan registration

S

Figure 3. 10 Planning process of mobile medical service
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After the requested operation sites is approved by the studied organization and
the forecast of required numbers of medical staffs and supplies at each site are
received, the distribution planning process of the developed decision support system for

each type of service operation begins.

One-day ti Fi anni . , information of the lists of

operation site. Thi | i_ \ " beflse ‘,‘— _ ate yearly basis distribution plan

of this type of mobilemedical s I’VIC glisl A' ‘-': ndary of operation schedule

and as the guideline infg na rig st e |Ca| staffs working schedule
' '\J.-"I ', P

arrangement. , .:ﬁ'f..:n

--w‘- —:<-+'*' <

stemefor medical staffs and

supplies distributior g, there are a iot of important de .%‘u information needed
as input data of the de sion.support system such as
detail of operation’ site, distance, service-time period, convenience time period of
operation site and fi’rﬁst of type and quantity of required medical staffs at each

e T Y| f G

to the fumlon of data in the developed decision support system; that are set—up data,

TWIASE FUNAIINYRY

upd

Set-up data are data concerning the requirement of decision support users.
These data are static; do not change often and different to other organization according

to the organization (user)’s policy. In this research the set-up data consists of service-



79

time period (only in round-trip planning), detail of each province’ associates in

organization (user)’s network.

® Service-time period

route planning. Generally anges due to the fact that the
J
service-time period an@ approved by executive managers of the

organization according get availal . r or organization’s policy.

The service-time i for 1 scision _ round-trip planning to

organization. Usually'in mob ey ervice-time period is 1 week long

due to the fact that the ve I { r nly devote their free time for mobile
medical service no greate?:“, ; vely. As a result, the service-time
period of mobilé'mec in 7 da thefService-time periods of

% t ﬁ province A, in winter

there are 10 ser\ﬂ—tl - ' aﬁ
(each service-timé*period is 1 week long). This can be due t

there are likely to thﬁwer customers to'\dsit the operation sites because of the

P AR W R e

Howeve he service-time period depends greatly upon the agreement between

wwmmmm ﬁz;:z:ﬁ“’zr;:

r the past 5 year from fiscal year 2004 to fiscal year 2008°,

the same prov

0 service-time periods

e reason that in winter,

? fiscal year 2004 starts from October 2003 to September 2004
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Table 3. 2 Example of service-time period of Chiangmai of fiscal year 2004-2008

1 October — 7 October

1 March — 7 March

8 October — 14 October | '/ 8March- 14 March

15 October — 21 October . LA £ 4 ' 15 March — 21 March

| March 28 April

29 October — 4 | ,me— 4 April

5 October — 11N /1 O ril = 11 April
il “-, N - "
° , : f =N
Detail of e I £ az{ tion’

Thailand _t 7 rovinces | LY hi dispersed around the
country. Howevér, thestu g%l lic rovinces as the organization’s
volunteer network.“That /means th JH;: ile di ‘ ervice provided in these 53
provinces both normal m le m : ‘j and n dentistry. Therefore each
detail of the province co rrl" -':,.-r ry » trict of each province must be
stored in the decision support sA T d : rder that the operation site detail can
be linked with this set-up info o gement of database for the
developed d ' .- Gollection of database
which can he ) v : rt system for mobile
medical service. art from the etail of eag province, the detail of

supply warehouse Ioaag and hospitals in t@rovmce should also be stored as set -
up dat and cannot be
ohangﬂayﬂegs ﬂ EJ mﬁﬂ ﬁﬁﬁ‘j the necessary
information about detail of each proﬁnce in the netwarkyis listed and presefted in Table
RN IUNATINER E
Every villages in each district of the province
- Every district in the province

- Supply warehouse location

- Every Hospitals in the province
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- Type and quantity of the organization’s volunteer medical staffs in

each hospital

Table 3. 3 Example of necessary information about detail of Chiangmai provinoe3

|7 i
Supply District ilages r’.- ital | Total Medical Staffs
warehouse 7 doctors | dentists | nurses | Pharmacists
Public Health o 11 11 111
Office
3.4.2

Input data @re data goncerr -9 i; quisition of operation sites from decision

support users. Thes at are d‘g | can c-’fu d or changed during time
through time before proces i‘ e;:i;;-::--t odel of the developed system. In this

research the input data consists-of detz
day trip planning) and.con
planning) =

® Detail ofﬂran S m

Detailed of @eﬂon site requires &19 specific detail of location of mobile

medic |tﬁ ﬂng %ﬂﬂ ﬁ%r&j qﬂ ﬁn Lan Ka village
of Yang istrict in Ratchaburi Province. This are the required information about

details of operation site which is ncfactually used in“decision model of the.teveloped

TR TR sod WAOR T

‘istance from operation site to other operation, hospitals and supply warehouse in the

province.

® Data are from Mobile Medical Service Operation schedule[5]

ation site, operation date (only in one

eration site (only in round-trip

]
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® (Operation date

In one-day distribution planning, the operation date or operation

schedule is important information in communicating with other mobile medical service

supporting agents. Even though f oes not directly affect the decision
process in decision model of t » deve upport system, it is the crucial

order that medical staffs are

oped decision support
one specific service time-
period which they thinks PR '5 e : bbile medical service operate during

that time. This will help both o ganization an

al officers to consensually agree with
n- #JJ & ,.r‘i' 3

the operation r_ue since 5_is served and also satisfied
organization’soperation route objective-and imita ‘;..;. ) ‘nstraints. However,
it is optional for-6 *'"- 7 e period. If they think
that they can be‘ited in anytime w € avallable service-time period, they can

ignore to specify the ?awred service-time per

ﬂummmmmm

Supportlng data are data thg help the calculation of designed decisioh model to
Q}eﬁeﬂfiah@cﬁt}rﬁrm. ils%tg]a’n}eWhE\}acaj %]c and
Qan be edited or changedrduring time through time or do not change at all. In this
research the input data consists of distance from operation site to another operation
sites, hospitals, and supply warehouse. The forecast of type and quantity of required

medical staffs and supplies at each operation site is also considered as the supporting
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data as well as type and quantity of volunteer medical staffs available in each hospitals

(only in one day trip planning).

® Distance

The distance used in the d stlefe ision support system is the exact

distance by road transp 7 on ; _another. There are several
applications to help @ exact distancerfromrone place to another such as
exact road estimatio ‘ \ scaling factor [5]. The

application used ir
another operation 1€ province is Google Map
which is the appﬁt' sihg Gl v raphic stem) technology to find
the distance be | ‘ ' points in road ne n : distance between any

istance matrix database to

distance stored in | vill 4 d o S MOS b,‘ orrect information within the
assumption that traffic g _ ) affect the distance value from one

place to another [14].

. M edi "v._'"- ;.I;b.-lll'.‘l'l"'lllﬂ"l"lﬂﬂ'blﬁ' -

YN *l
Medical ﬂ( and oW @ny medical staffs and
supplies are reqwl‘ d at each operation ;te during specific time in operation schedule.
Medloal ff fore t ded in the operation
site in u e ﬁeﬂdgs f ngg ﬁﬁ ﬁely to expected

oustomea]m the operation site. H‘Qwever it does not reflect how man customers

¥iJ AR TATR N N (138 ﬂﬂi

medlcal staffs to the operation site.
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® Type and quantity of medical staffs in each hospital

It can be said that this information is the supply of medical staffs of local

hospitals in the province. In one-day trip distribution planning, this information will help

cut off undesirable alternatives lec » ) decision model to higher chance of finding better
solution in deciding whi dical staffs to which operation
| staff in the province that is

ﬁ

also the organization’s volunteer medic al staff . in one-day trip distribution

planning, only local medica \\w\v vide medical services at operation
site and return homes within a o dable tr eI _ .

site. The quantity of eac

To summarizey mput data; set-up data,

input data and supporti ‘ ‘ r decis e ‘ e oped decision support
system to correctly ndd the [ Soluti 2l tisfy all limitations and
constraints of decision mod The .« N’ Moc ' an | - classified into two distinctive
models that are decision model f ""ﬁ ribut planning to find operation route
of each service-time period+ e :f-.im » d de ision model for one-day trip
distribution planning to assi_ lg’ 0 t medical staffs to operation site

including the oscr | in de ining 1 method of those medical

staffs from «;o’,——x ;f ows the summary of

" it
AU Ineningns
ARIAINTUAMINYAE
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Specific requirement of Type and quantity of
volunteer medical staffs
in each hospital

o - Distance between an
sew'igp;’::a‘l;e"w operaﬁqn sit_e toall otr;er
operation sites, supply
Input data warehouse and all
Deterministic forecast of  hospitals in the province
each type and quantity of
medical staffs at
veration site

Supporting data

] - ~_ Operation schedule

Lists of approved i 1 - Input data e
requisition of operation R F Assigning
site Fy F 4
1 | ) ach ce
h 0

supporting hospital

Setup data

Distance between an
operation site to another
operation site and supply
warehouse

Deterministic forecast
number of medical staffs
of the operation site

Distribution method
selection

Detail of province

Medical staff pickup
route

Supporting dal

Direct from

ceti . .
Service-time period hospitals

Meeting point

Figure 3. 11 Input data t -ff'{{ a-‘;: ed decision support system

From Figure 3.11 input-da . for: dels in the developed decision

support systerl Can_be _summarized that inrou ip-distribulion planning, these are

yz'r

i |
period including tf ;! number of memb

necessary inpu of each service-time

!l

n medical team of each trip.

-up data f d-trip distribution ing
_ ﬁ ice-ti eﬁoﬂ c vﬂi%!c’h]emwﬁhe fiscal year of

planning P

R YA TN TR

Input data for round-trip distribution planning
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® | ists of approved operation sites of each province including details of
operation sites; location, village, district, type of medical service(dentistry

or normal medical service)

i input data for decision

In one-day.fip distfib

; 4 " an‘r;u \ \\

model to suggest whi 1 hiO pitals should=support, »u t and how many medical
staffs of each stuppori g o] .}‘&o ’\‘ \n \c‘\ - distribution method to
fransport these mediéal s A9

Set-up data for ¢ e-de -

‘ 124
® Detail of each ¢ provin o;'-
..-F

o il-ll
® Detail o sup o"

s trict d villages in each district

, hospitals in the province, type and

W

quantlty Of ..—rf"'"f:""nf a rg or ital

Input datalfe J-lrp aistrioution planning = )
o Lists ‘operation schedule

(o@ation site v of each p@noe including details of

operatlon sites; location, V|I|age and district.

fl HAMEYSWAANS. ...

site during specific time period
AR TR S VPRHAG b
warehouse and all hospitals in the province.
® Type and quantity of volunteer medical staffs in each hospital in each

month of each province



CHAPTER IV

DESIGN OF THE DECISION MODEL

The developed decision support system in this research can be classified into

two different decision models |

proper information to generat; bution’ , ical staffs and supplies for mobile

medical service. The - ‘ 4 routing decision model to
e ——

generate operation r : ervice-t 1 nd trip distribution planning

users: planning officers, with the

site.

'dtgu.',oisio point in round trip planning for
‘r"_.:‘ J i

mobile medical service. ording-to the Lite ' iew in Chapter 2, Vehicle Routing
"N al JJJ

Problem (VRP) can be applle lo—help-arral ‘Operation route of each service-time

period of round-trip ope o - ite f‘ ing. k " the oblem in this research can
also be consider: / lesmanProble -Er)- -TSP) to lessen the
complexity of “the : he uld be visited by m
salesmen. In this H[. of combinatorial problem, the numb ‘ r routes are known in

advance; only whlch.podes to be added mtajhlch route are decided. Moreover, all

medica ip“s ope ows haracteristics of

M-TSP in combinatorial problem claﬁ that are

9 W'\ aﬁﬁﬂ‘iﬁ@ﬁ%%%@ﬂﬂ%ﬂ B

The number of operation route are known in advance that are equal to the
number of service-time periods in each province
® All operation route will start at supply warehouse and return to supply

warehouse after visit all operation site in operation route
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Therefore, M-TSP is applied in this research to suggest operation route of each
service-time in round trip distribution planning. According to Chapter 2, there are many
approaches to find the solution to M-TSP which is one of the problems in the NP hard

problem class. In this research, const

tive heuristic approach will be used to form
the decision model for the develop: Sl pport system to suggest operation

route of each service-time period within the assi at

® |n each working -‘v--r owope@be visited
o Thero isonyEEoptia e

period
on site can exceed the
n the required quantity
° i +only “provide 'n edrcal service such as
not provide two types of
‘.. te in round trip operation

due to the ¢ @ alinstr o 1‘ aration.

® All medical St
#F - 3

warehouse whic ?s‘% “depe
The decision mode]ﬂt_gr_@- ,.ngr,a ic

can be clas ifi‘ ' , minary routing and within

re ready to be transported at supply

for round trip distribution planning

-t
operation FOUt Brovement | [ .Eﬁg Algorithm or Clark

and Wright's metﬂd c S e@ios applied in logistics
planning of many Business [10] is applied to primarily create the i

initial feasible operation
route for round trip dgtr%tlon Iannln fteMe initial solutlon is found, the solution is

heurrstlc'u find the better solutlon from the |n|t|al feasible solution. Therefore the

QTR TS

® Preliminary routing using Saving Algorithm
® |mprovement heuristics using 2-Opt Algorithm; within route

improvement
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By using heuristic approach to find the feasible solution cannot be guaranteed
that the optimal solution is gained; however, the feasible solution with adequate quality
level is gained from heuristic of decision model. In this research, saving algorithm is

applied to primarily arrange the operati route before entering into solution

improvement phase of the decision ‘ ing algorithm is advantageous for its
direct approach and take e in fir Sall however, the solution depends

greatly on the first nQ" clected | rowr nodes to be added later

into route. Therefore 2€"Pro (wi ,\vn nodes), the efficiency and
capability to find so {88 i ‘ “ \r- [0 gain high quality solution

closed to optimal so ; pevertl . ing ,.\ d to lose efficiency and

capability greatly whendthe problen . iz 2 "  “ igger to 100 demand nodes[38]. In this
research, the prok ‘ | l of \ s} | nhodes or operation site
about 50-60 operatio ite§ offle Provi 7 >e. There \\ problem size is within the
range that saving" C ri N fe: il pe 1 { | olo nt| in finding solution with
adequate solution qu ity I . 1.\. gained from decision model is

not the optimal solution put ir e’*r; at the solution is the solution with

adequate quality level. —
i
4 .1 Pr inary o
In this 'staee. heuristic tries to find the initial feasibie sol ‘?,' { with the objective to
minimize total tra véff-“

Equation 4. 1 OpI ion routing’s objective function

Whenﬂutl“ WY INg

r, = Set of operation sites in route{

YR ﬂwwawm%n

= Set of service-time period T=

Under these following constraints;

® All operation site must be added into at least one of operation route
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® The number of operation site in operation route of each service-time period
cannot exceed the total working day available in each service-time period
® QOperation sites with specific requirement in any service-time period must be

t service-time period; if not, the penalties

added into the operation rout
are added. |

The last constraint operation sites with specific

mﬂc service-time period must

raint cannot be satisfied,

requirement to have i
be visited during t

the penalties in distan ithre'ad ' j€ w 'unetion. However, in practice,

service-time period and it ¢
, ...-!_,.-'" _;,‘r

penalties do noﬂ‘fect much on operatl

in the case that lhere=are=fewer-oper: ation s ites requesti ) ' mobile medical unit

during the samehfje : . m(
working days w I these requested sites are not added i

required service- tlm‘wd In this researoh, the penalty cost of ignoring operation

BB AR

period |sq:st|ned to be 50 km. in distance unit.

Qr ARk Mi@ﬁﬁﬁ%ﬁﬂ

g]e fundamental concepts of using Savings Matrix Method as follow;

ime period numbers of

the operation route in

® Savings Matrix Method Calculation; saving value between node

(operation site) i and node (operation site) j in this research means the
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distance that is saved by adding node i and node j from the different
route into the same operation route.
® Generate numbers of initial routes which is equal to the number of

requested operati nII Sites

® Sort out the Saving Value ighest to lowest; the higher saving

value, the -.,,_ﬁ:r__ ceto. st into operation route.

® Res seque e of ‘operation=route by adding an operation

gthe hi h'-.y ith the existing node in
fil 4 m”i ints. ar S sfied and all operation

In savingj va ‘[39], there are three
approaches to usé saving value s the, measure nent to 2 | other nodes into routes that
are; '
® Sequent
Sequential “savin, the 1euristic which applied saving

algorithm to o"-"ar ."np;& / hicle routing by adding a demand

node in torth_' uq ;J; oute by sorting saving value from

operation route needs to
— ]

i) | 'C'iﬂ
vicle will be added wihen the previous Vi

cap acﬂ yi=However, the solutiof«from the approach may not be optimal

A Tob FV A IR H] o 0

Paessens (1988) as cited in [12] and [13] ) have adopted the approach

amﬂﬁmmummmaﬂ

Parallel saving heuristic is the approach in adding two nodes which is

eC|S|on model. This

t|||zat|on since the new

cle is loaded over its

not yet arranged into any vehicle route into the route. Then another pair
of nodes which has the highest saving value is considered to be added

into route. If one of the nodes is belonged one of the vehicles routes, add
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the pair of nodes into that route within the limitations and constraints. If
both nodes are not yet added into any of routes, create new route with
the two nodes as the first pair of nodes in the route. This approach is

advantageous for the fairness in adding nodes in route and the added

nodes in route are we pu nd not brunched together. Knowles
» Holmes and Parker (1976),
d in [14] and [15]) have

parallel saving heuristic
et arranged into route to be
pproach also sees that the
\ each other to create new
e ftotal distance. Therefore, the
ne merging between two routes

leading ” Fud — JAltinkemer and Gavish (1991) and

Desrochers and V---- 1007 (198!

s.cited in [12] and [13]) have adopted
od i 2 “"’ :

Ahe ‘.‘.-

In this.re -—'\'g is applied to add

operation site into Seration rot geoo, it can lead to easier approach

in developing the deC|S|on support system and to use the end of route to find the

operati : 7 in merging the
properﬂj he arl itial route toge i :ﬁ saving value.

Moreoveﬂalanners can easily manage the numbers o vehlole to be use |rht.rﬁnsport|ng

RIS ym mm 3

this research, the number of operation route is known beforehand and initial routes are
create to be equals to the operation sites in the first step, then to combine those initial

routes which each route has one operation route together in order that when the
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decision model finish searching solution all nodes are merged into the operation routes
which equal to the numbers of service-time periods.
In this research, the decision model aims to satisfy the requirement of specific

service-time period of operation site as

irst priority, and then saving value will be the
measurement to merge the initi nodes to be single operation route

within the required constraints. Firstly th i f operation site with the same

Wby ha f. Therefore, in this

a-order that the calculation
time is reduced Sration site i to operation site
j is equs “lo the distance from operation site | to operation site i. However, full

matrix is bqfteﬁlmulate the realltywroad transportation that distance from

Fr BN SN WEA R

L qmal route creation using greedy algorithm; the total numbers of routes

QRTINS mﬁ*ﬂ% an

® Merging routes with the same requirement of service-time period into a single
combined route of each service-time period. In case that there are no route
with the specific requirement in service-time period, to merge the initial route of

operation route together, the routes of the pair of nodes with the highest saving
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value is combined together. Then the end node of the combined route will be
used to find other initial routes of operation site to be added into the combined

route as long as all constraints and limitation are satisfied.

° ation sites in combined operation route of each

starts from 7 0 | f nodes in opere oute. For example, A and
| 0 determine whether node C
should be ad " " f ne . " ;.,\.- next node in the route
. - l 7 to do so, there are three

asurement :

ic \\\a the combined operation

\, A'is the farthest node from
operation route). The saving
‘site C into the route can be

on 4.1 and Figure 4.1 shows the

e ofroperation C into the

Equation 4. 2 m
i ol
S = [doc + dCO+d0A + dyp+dpol — [doc + dca + dap+dpol

ﬂ‘lJEJ’J‘i’IEW‘ﬁWEJ’]ﬂ‘i

= Sa g value occurring in mergmg initial route of operat|on site A into the

‘-1 WIRSISRRIIN 1A Y
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A0 o ne combined operation
. \ B is the farthest node
nod e of operation route). The
‘\.‘ C into the route can be
at‘on ‘d Figure 4.2 shows the
initial route of operation C into the
le.of A and B.

Equation 4.3 .,
. S = {doc + deg+dog +dpp+dpgt—[dos + dap + dpc+dcol

VI']’J‘WEI']&EI

Figure 4. 2 Merging operation site C into combined operation route of operation site A

and B with B is the end node of the operation route



96

- Merging route of operation site C to the combined operation
route of operation site A and B when A is the farthest node
from the depot by adding operation site C in between

operation site A and B. The saving value in merging operation

' oe calculated as in Equation 4.3 and

ows ‘th on of combining initial route of

intglthe @ation route of A and B.

doa + dac + deg+dpo]

Equation 4. 4

wbep

|-
-

Figure E

operii(ﬂte A and B in betwéeh operation site A and B

to be added in the next sequeghce of operationaute. Usually, the CﬂSﬁt node to

RN IUUIRIINAIR Y
] J I
q to find another node in order to merging the route

Merging operation site C into combined op eration route of

node which will be use
together. Moreover, another reason to use one-sided node is because it lessens
the complexity and calculation time by adding nodes into route sequence until

reaching the limitation or constraint of decision model.
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® The calculation of number of medical staffs in medical team for each trip
including medical supplies quantity in each trip and number of vehicles should
be required to do the transportation task.

After each service-time period its own operation route, the next step is to

calculate the number of ..- mbe be in the team in order to provide

the medical service to oper: n ~Operation route at the highest

operation sit, 2casted-numb edical staffs required in

each operatiopsite in.e at fifl e  howe: c ‘_ er of medical staffs is not
allowed to be 1ha > foree \ A dlcal staffs required to
operate at each gperafi f i Ope ‘:_; o e , the maximum forecasted
» | ation sites of operation
route is the reg “ ati 1€ - 7 he T er of |cal team members that
should be ofer: i v S Sor b abeoo | quation 4.4 shows formula to
calculate the requir mo 2 of me am member should be operating

during each servic oo . ks "

Y]

R, = The numbe m type k of operation route r;
T :

Ry, =The -‘-[ ast number of medical staff type k of op ion site i

= Set of meﬂﬂstaffs type in the nﬂpal service providing during operation

ﬂ%ﬂ%%ﬁﬂﬁ‘ﬂ&l’]ﬂi

It costs less to load all reqﬁ‘lred medical s es of all operatloMtes in the
b AR R R

medical supplies are out of stock during operation trip will cause the supply

warehouse to deliver to operation site to replenish the stock; this causes increase

in transportation cost due to high cost of stock ordering and delivering cost per

unit especially if the order quantities of medical supplies are less than the



98

economical order quantity. Therefore, all required medical supplies for every
operation site during the trip of each service-time period should be loaded before

the vehicles leave depot and follow the operation route of mobile medical service.

Equation 4.5 shows the formula to calculate the required medical supplies should

Equation 4. 6
When;
D,k = The numbef€ | [ SUPP j“ ing the operation route r;
Dy, = The forecast nt 'supplies type ‘ "x site i
f = Setof medi Ipplies t inth me _ ' oviding during operation

1

To calculate the num i in transporting both medical staffs
and supplies to operation sites in opei 1 route of each service-time period, in
this resea :

h, ther be _considered as person unit

equ|va| ""§:-;lll:.no:l-r:lnl|lv-ll-u:l-|ml|:=::-n:ln-lp:lnuiﬁiiiiﬁi;-m;a:?,!,' eq[_“valent un|tS TO

M)

transport Med -using the same vehicle,

¥ r|'
medical su .-;I es must first be converted into person u -AJ-I >quivalent. Each type of

medical suppli@ﬂ/e different unit; h%ver, in this research, any different unit

measurement”. 100 supply unit asurements equals t person equivalent.

Therefore, to calculate the ntﬁber of vehicle féquired during eachisérvice-time

PEAAA R Ao MV AN E) ) B §

quation 4. 7
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V;, = The number of vehicles required in transporting medical staffs and supplies to
operation sites during operation route r;
C = The person equivalent scaling factor; in this research equal 100 medical

supplies units measurement.

C = The capacity of vehicle res , n equivalent unit.

computer to help proce e-dats e Il feasible solution.

Step 0: Calculation ofsntimber of Worki g .'\ u“;s\‘\\-t ime period

In each servig ‘ the developed decision
support system, itls 7-- / ' ‘ \\ o eV rkm days of each service-
time period since the a fe orking-¢ 3 orte he constraint of finding
feasible solution that. £ ‘. 8 .,o» of each service-time
period cannot exceed | nu -,-' ilable g days of the service-time
period. Equation 4.7 e .i"ﬁ.-’: use ulate the available working

time service-time period. == I'--"‘_;lI

Equation 4. 8

T Y]

s

Nr = Thmmbers of available working days in serviwtime period T

= The St‘ﬁ&te of service-time Reried T

ﬁ jormua is oapaEIe in calculation Een é] startfd]e and end date of

service-time period is in the gz\me month
WERES AN 0 Y
Computer starts to calculate the saving values of every pair of operation site and
stored the saving value in saving matrix in the database for helping the processing of
decision model by using the following formula as shown in Equation 4.8.

Equation 4. 9
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Sij = doj + doj — djj

§;; = saving value in merging operation site i to be in the same route as operation j and
0 is the depot

Saving value examination and adjustment

® Set equals to 0 if node ian I nc il he same node

® Set equals to 0 if calculati Jives minus#sa value
g 7 . , £
Step 3: Create total initi ites.eq : iequested operation site.

Step 4: Merging routes « s same require ent ‘service-time period to be the single

At this stage, check y g k ' ‘ tes or node of each set of
operation route of per of available working
days of each time p

Equation 4. 10

If return true value;
Check whether how many i .{ '; ¥ lon node are of each service-time
period. P M : /

IfN =1l o i u g the end-node of the

a.g'

IfN=>2 ﬁ'\ Step atlomtes are arranged in the
- .

sequence of the bined operation route. Then, start step 5

ng those operatlon sﬁe& select one palr of operation sites WhICh has the

9 Wﬂ”ﬁlﬁsﬂ.j TUNBI T TR

pair's forecast number of every type of medical staff required at the operation

combined opere!ior

site). Let the closet node to the depot be the first node to visit and the other is

the end-node of operation route.
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Step 4.2 From the end-node, find the remaining operation sites that has the
highest saving values from the end-node to be added as the next node in the
operation route sequence of the service-time period (If there are many remaining

operation sites give the same highest saving values with the end-node; select

the operation node which give difference between the node and
mode of the numb ~ cal st ' operation route if the mode of

operation rouf[" h the average forecast of
Then, chec : ) i 1 A erat|on route equals to
available working day of ice-time

If returns tr g ‘ op fion _> oute .~  S ,H;‘ e-time period is already

gained and t smainingiun e perati ) Si s are address with no

without speci en el -! n o » en start step 5.

he number of operation in the
operation route equal ) ava WO day of the service-time period or the

Step 5. After :- : f%‘ end-node operation

site, sort the highe 'S -

Step 5.1.-8elect one of the remaining unarranged mﬂ route of operation site

with no spec‘cﬁquirement in servicestime period with highest saving value

ﬂ% Er AP 1F) g oo

od and record value ¢ = the number of times the node is selected as the

QWA D) ﬁm"eﬁ I

Step 5.2: Check whether c =1
If return true value, Merge the initial route of the node in to the next
sequence of the end-node in operation route. Go to Step 6.

If return false value,
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Select to merge the initial route of the node in to combined operation
route of service-time period that give the highest saving value between the node
and end-node in the service-time period operation route. Repeat Step 5.1 until

all operation routes of service-tin riod can select one of initial route operation

site to be merged in the ¢ i ,‘ route of service-time period.

\\_ F
Step 6. check whether the number o fion sites inevery combined operation route

equals to the available mumm.a.., s of_each @eriod or not as in Equation
4.10. /

If return falses ’ & newh ‘..\'-‘Els\*u n site in the combined
operation route of e ( ne \~\;\ .’ node of the operation route.

If return tr
Step 7: Calculate the Aumber of members inimedical team required in operation route of
each service-time 'o"- i f_: ANC . wumber of medical supplies
required in each service-ii & form \ rom Equation 4.4, 4.5 and 4.6
Figure 4.4 and 4.5 illustrates th o y of decision model work procedure in the form
of program flowchart.
.__'f,,

—— - -
Create initial route to "v" :.'- “ J

single operation site in each -
route

T
Ealculatlon of saving value betwee (o] operatlons site j,u

and stored in saving matrix

¢ = v

Create |n|t|a| route eun) the

Merging route with the same
reqwrementg service-time together

very service-time
has its operation
route

I/ Inodes with the highest saving
value to be merged together to
form the route of remaining

service-time

Figure 4. 4 The summary of decision model work procedure
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Arrange the routing by
merging the pairs of node
with highest saving value
together; the farthest node
is the end-node in the
route; from the end-node
finds the next nodes to be
merged into the route with
highest saving value. Until |
all node is merged into the ‘
following sequnce of the
route

-

Merging another route
into the combined route

team and medica

Numbers of operation Site
exceed working da

| f! 4 .
. *‘q"‘ b oeration in.?
4N7 =% Hl‘i:‘:xk‘lli]’{;:érf,

embers required in
upplies in each trip

5 N Merge that node into

Route sequence arrangement from
merging the same route of operation
site into combined route.

YES | Arrange the routing by merging

the pairs of node with highest
saving value together; the
farthest node is the end-node
in the route; from the end-node
finds the next nodes to be
merged into the route with
ghest saving value.

\ % the combined route

Merge the node
nto route and
/" becoming the
1;:--- nd-node of route

Display ‘.

r?£§ﬂ ‘u Ej

q . W
operation‘node
NO

L'u!L; :

4]

ARIASIMANIANENAY
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4.1.2 Route improvement heuristics
After the preliminary route is gained from applying saving algorithm, the
improvement heuristic is aiming to improve the preliminary route through search

mechanism. In general practice, there 0 approaches in route improvement;

solution; therefore, only v r', ' ‘ ment \ ractical to find the solution that is

improved from thespreliminany rot ing,[:-._,_.
r o ,L; &
Within route improvement . b
mi‘"f' i ]
The within routedmpie %@“E

-5 1.4 il - s ’ ! ) )
of vehicle routing. In this r earcﬁ*:’,_% alg N is applied to cut off connecting

-

arc between two pair of ¢ .'.” Lnodes. in th route and revert the operation

route so that two new connectin “ar s ge ted leading to the different operation

route sequencefro lution. Acco aysy and Gendreau [39], by

using 2 opt .,; ; ead 1 :‘e e computing time.
These are-the pr of the decision model in the

developed decision support system applying the 2-Opt algorithm concepts to improve

the initial feasible scilt,‘n.for round trip distfibation planning. The concepts of 2 Opt

o AR AT o

the seqquce of operation sites in operation route by recreate two new connecting arcs

for irs_of operation_sites. If the route is_improves, the distanc ' f new
Qo ﬁﬁﬁr d 5 ' %e’i]ot iﬂc so the dai vﬁ must
e in positive value. For example, let operation route sequence is operation a, b, c, d, e,

f, g as shown in Figure 4.6.
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ecting arc

a tice, the total number of
Ot excee 10 operation sites since
: n\,‘ operate for a long period
.\L_ ’s é result, the problem in this
2;Ot algorithm as within route

|mprovemen < ‘. I sroblem. Therefore, in this research,

ok : pail of operation sites of

i‘fﬂ -
Tﬁ’ mputing time but leads to

Theref ' re, in the example, with
£l
seven operatlon sites in operation route, there are (7+1) = 40

quE ST

0 Reverting the operihon route and geatlng two new a&j for new

AR ASAIREMATIED L.

received from reverting operation route sequence as shown in Figure 4.7

higher quali

by using the formula as in Equation 4.12.
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Equation 4. 12

' .. \
sé the c‘ at o

i

e the'<olution” ecorded solution instead of initial
;’ ‘i S FoN
feasible Iuti,‘ =

. o 2 F ] ‘ ‘ i 7‘
® Recursive S :‘g__, 1

highest positive gain value

(Areverting the operation
H‘v
x" #a site sequence of

o;ﬁ;tion route gain ve TJ'I; > or the calculation flow

i 1l
reach the stopping criteria( usually determined number of recursive loop);

3 mé aﬁﬁaiuﬁﬁﬁ bk

proved solution.
Step 0: Receiving information of initial operation route from preliminary routing. Then

calculate and store the total distance of the initial operation route in variable r.
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Step 1: Setting exchange value = 0 for staring the recursive loop. Exchange value = 0
means that there is significant improvement in the current calculation loop.
Step 2: Cutting off two arcs connecting two pair of nodes

Computer starts cutting the two»ar < necting the first operation site in operation

route until all possible patter" re are 5 nodes in operation route,

(5+1)(5-2) =18 means that thel c r ‘/ﬂof cutting two connecting arcs.
Step3: Reverting o..rmu.-.-.. e an crea@rce for new operation site

sequence of oper po |b| C \

cutting of arcs conpeeting

ample, computer starts
2 S Revert the operation

sequence and creg ay» 7 / nd( , I+1) Then

calculate the gain valge all there is any positive gain

If return true yalue; s nge value and start step 4.

If return false value; , op.imp o and < \\ he latest record of route and

from cutting two cenne

total distancein va bleﬂ.ﬁ' =N

Step4: Select the highest posit .;\’f ain’ .< improved solution. Record the new

total distance in variable r. ? '
b ;, it

Stepb: Check theynun

Equation 4. V—: f ’

If returns true‘(alue Stop |mprovemen and shows the Iatest record of route and

awﬂﬁﬂﬂmswawni

Figure 4.8 illustrates the summary of decision model=work procedure of improvement

PRAREATRININEIN Y
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o

Calculatio

Con

Receive preliminary operation route

Se

el

NO Set Exchange =

of recursive loop

108

re are NG Display the
operati same result
|
h
pattern utti ) ar tween any
dimbers 0 ted from (N+1)(N-2)
n =th f o e ute
i p >
utting off pattern
fp: iel ighest gain
&
Y Set Exchange =0
A
Record the reverting
Iteration No. value

8113

ammﬂimaﬁ‘ﬁqwmaﬂ

Flgure 4. 8 the summary of decision model work procedure of improvement heuristic



109

4.1.3 Extension of decision making in operation routing

The decision making of preliminary routing of the developed decision model is to

assign operation sites into the route of each service-time period. There is constraint on

At search’ingr £ b iy ) A\  __| (0 7 combined route of each

| T | X S any pair of routes with
highest saving value ‘ MDbil 3dli g e bette omt of each service time
period’s route With'.oe 3 /e \ een the two operation sites.
This differs when the's qui ' -\!'l e period is implemented: high
distance variation betwe D — : esult, it can greatly lessen the total
distance of every time per|o

i -!" i- ..r‘ L
. S ‘) .
Therefore, it depends.c S’ considel c0off be veen convenience of

wenience of local officers is ignored.

local officer |Sadifig=io=higheiseiico=Inpression=anc=iotaktid! ortatlon cost: which
condition should be p
1y

In real practlce the convenient operation date of Iocal

B YRS W

commung’uons with local ofﬂcer? to compromlsaand change the vvenlence

o

fficers can be changed
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4.2 Agent Assignment

Agent Assignment is the key decision point in planning one day trip service

operation for mobile medical service. According to the Literature review in Chapter 2,

Assignment Problem (AP) can usually b ied to help assigning machines to jobs in
scheduling problem class oV ‘ £ - in this research can also be
considered as the one " _ applicati @ment Problem (AP) to help
assign hospital to support medical 4 @ this research, to assign
hospitals to support T ' i er . = can be viewed as Generalized
Assignment Pro | 5 A9 .

er of agents is equal m

agents while the es the problem in this

® Age
°
The constraints o ice of one-day trip distribution
planning for a hospital can s" 10 any o] sites while in each operation site,

< ik
medical staffs can be supporie d-Dy -'_'h‘r ny:he ~The relationship between agents

and jobs in GARfollc aich felationship between

hospitals and ﬁ 7 ationship basis, the

problem in this research is cor e cpa‘ of hospitals consists of

different mdependent types of medical staffs. Therefore, heurlstlc search method will be

applied, Jel, ingordersto GAR. ieyve feasible solution of assigning
hospita ﬁﬂre | staffs rationsit t}E]hZI ption that;

In each operation date‘only one operam site exists for mw medical

@total Capag o; every type of m’e]l:alJ sta'fs oge’]ﬂospltal exceeds

the total forecasted number of every type of medical staffs of every

operation.
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® There are only four type of medical staffs in one-day trip distribution
planning; doctors, dentist, nurses and pharmacists.

® All medical supplies are ready to be transported at supply warehouse which

ﬂ medical service at operation site
ql staffs to operation site,
d q_ y of each requested site

The decisio def tc ag ,,' _ ital .' sl nedical staffs to operation

acts as the depot

® FEach medical st

once per mon s

site for one-day trip distributi ahning 8 classifiec two main stages that is
the assignment ion method selection. In the
assignment of supporti [ "' 4 « rogramming (LP) will be

together applied to find e S M_F ich hospita Id support medical staffs to
which operation sites. “ini X "o of number of medical staffs
from hospitals to each © ' "f ite '- ie will “enter into distribution method

selection phase. During W 9

measurement of \eac

~ selection stage, all required

ofding to each decision

wg will show the result

of calculation ae S Oﬂﬂ
distribution method according to their prioritized measure t; the measurement of

cide and choose the

each dlstrl ution me{‘oﬂre total distance, ntimber of vehicles and average travel time

b AR Fb e PP o orento

one-day ﬂ]) distribution planning can be classified |nto

A WIANT SRATIN T Y

® Distribution methods ‘measurement calculation

In assigning supporting hospital, the objective of this research aims to find the

acceptable feasible solution not the optimal solution or best solution methodology.
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Therefore, the answer of using heuristics and Linear Programming together to assign the
supporting to hospitals aims to minimize the distance from all supporting hospitals to
operation site as first priority and may not lead to the optimal solution of assigning

is practical in serving requirements of

supporting hospital; however, the so
operation site. ' |
4.2.1 Assigning su

To assign suppo i ctive function of assigning
supporting hospita supporting hospitals to
operation site that is;

Equation 4. 14 Assi

when;

"
Xij =hoS e f;; o hospital j

=0 sp|tal i is not assigned to support medlc staffs to hospital j

Under these followmjcatralnts

s RN TN 1) S

ospltals cannot suppor‘[ medical staffs at the quantity of each type of

a:mﬁm‘iiﬁwﬂ NYIA

All operation sites’ medical staffs ‘requirement in every type of medical staffs
must be served.

Constraint 3 as shown in Equation 4.17
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The total number of hospitals assigned to support medical staffs to each
operation site cannot exceed the total number of hospital in the province.
Constraint 4 as shown in Equation 4.18

Total capacity of every type of medical staffs of every hospital must exceed total

Equation 4. 16

Equation 4. 17

Equation 4. 18

When

]k - ﬁal]k Xl]

kEKﬂUEJ’JVIEm.WEJ’]ﬂ‘i

K = Set alype of medical staff; k = Eiootor dentlst , nurse ( Pharmamst

wrm mmmm TTEI TH EI

]k = Remaining requirement of operation site j of medical staff type k

Dj. = Forecasted demand or requirement of operation site j of medical staff type k
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To solve the problem, some problem statements should be first introduced to
clarify how the problem is complicate and different from other job scheduling problems.
The problem presented in this research in assigning hospitals is complicate due to
multiple resource requirements at demand side. Medical resources required in mobile

urses and pharmacists. These four

medical service operation are ‘\

3..' OpsH |
types of medical resource. are -; ;o i { ‘ ions and responsibilities at the
same operation site. &ntisure th@sources since the medical
service are provid i ; | w

ical resources. Nurse and

pharmacist are re entist. In addition, doctor

and dentist are consi@ Joefmore. : : at the operation site than
nurse and pharmacist l e location selected to
be operation site. aims to firstly fulfill the
demand of doctors Al these types of medical
resources have lower o] (o] ole] ﬁ”}é@aj}fl y s and pharmacists. The

personnel and supporter: ergeim 3 ology in this paper also aims

to assign auxiliary hospital indgi_ —all ‘ -resource requirements of demand
—u;'-" . - . . .
side are totally-fulfilled-with high r ?sonnel type which is

it is the main type gfﬂgdioal resources cﬁr}anded at the operation site. Medical

service 7 twﬁn aeﬁeg% ﬁn%hﬂhﬂeﬂ eneral disease
diagnos e real practice of mobile medical service planning, eh istry services are
also provided at operation sites as tﬂ"e second priorityfank medical services.since there
OF: UKok KT stk ET G T
Qentistry a‘rer not included ih the scope of this paper. Doctors are mbre intensely
required at the operation sites of mobile medical service than dentists. By defining the

priority rank of each medical resource type in the dominant category allows the

proposed methodology to efficiently find the acceptable solution complying with the
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aims of planning officers in the selection of auxiliary hospitals to firstly satisfy all
requirements in the significant types of medical resources of demand side.
In supporter category, both nurse and pharmacist are supporters of dominant medical

resources and are not involved directly in providing medical services. As a result, no

\ f/ Iess these two types of medical
resource should still be fulfilled. :
In order to find soIt@n of portmg hospital, IV-phase

, Mmethodology to find the

Is to support multiple-

priority rank is applied in this

sequential heuristi

feasible and practice

In Phase |, insté and side, only dominant

category of medical resource are focused. Demands of both doctors and dentists of

each demand node,ﬁh Id be fully servedﬁoe both types are dominant types of
medloaﬁ u EJ; ?] %J ﬂﬁaw VEJnfT ﬁce requirement
fulﬂllmenmonstram is relaxed from four medical resource types to two significant types.
This allows Heuristic to find the pﬁllmmary solution“that will be used as.input data
A B -
mlﬂlled The preliminary solution, from phase |, reflects greatly on the final solution of the
developed Heuristic. Nevertheless, it can be guaranteed that the appropriate selection
of auxiliary hospitals to operation sites is achieved since in each computational

recursion, Linear Programming (LP) of assignment model (AP) is applied to find the
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optimal solution. During each heuristic phase, linear programming is applied to solve the
GAP problem in that phase when there are combinations occurring in order that the
optimal solution of the part is gained. Therefore, at each phase the solution gained can

be guaranteed as optimal solution from linear programming. The solution will then

focusing on all medi source: i jory. should be fully served. The

highest priority rank regUiremént doc dominant categeries should be firstly fulfilled

Ddsaall
can be selected as the auxiliapy-hospitals. =
LA T o

During each individual phase .;-F-‘-!F euristic is working recursively until the
= !"L_ -

stopping criteria, are m henthey are met, th ion gaiped from each step is
acting as t“",-'-:';v. raints are satisfied.
However, it can c"’j- niz -i.‘ olutions with same the
value of objective ‘unction but difference in supporting dec ! variable (x;). This can
cause many combirpth&s of feasible soluw resulting in longer computing time.
Therefﬂaw ﬂi Gf}hw Ltjsm Wmﬂ Gavﬂeﬁjo screen these
answersﬂ selec é most appropriaé ahswelr in order to lessen the numbers of

hospital supporting to operation sié. The decision #iadel of one-day triMistribution
YA EE oA A ] £

Phase |I: Potential hospitals which can support all doctors and dentists at operation site

at the same time
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During this phase, hospitals that pass the criterion of having number of doctors and
dentists over requirement of operation sites are added to the list of “potential supporting
hospital”. However, at each operation site it is not necessary that the total number of

potential supporting hospital is equal t@

hose of other. Some hospital can support to an
operation site but cannot support to anothe ration site. The potential hospitals

added in the list but cannet sup ,_ edical’ st e operation sites; Xjj value of

that hospital to those ommn----s Quals@ be the constraint for sub
problem of GAP tw model wi inear programming. The

relationship in su operation sites is 1-1
relationship. Howev 3 1dS 01 haw-nany pot t . vitals are there on the list. If
there are more hospitals thz N ) 5_-. ) 0 ‘ 1t lea e hospital can support the
medical staffs to) _ ¢ ation si ' ‘ ed by one hospital. If there are less
hospitals than operati J , fvith . ( ."_‘ Cupport the medical staffs
to), every hospita mus £ i neuristic will stop finding
solution in this phas : nt|al \.~ 3l on the list or the total

requirement ofeveryop' S - oc dentist equal 0.

Phase II: Potential hospitals.w; «f can d" ,r otors at operation site

During this s-that-pass-the-eflteron-oi-havind ntimber of doctors over
requirement of openatic otential supporting hospital”.

The heuristic will stop finding solution in this phase when there.is no potential hospital on

the list or the total recﬁi@ent of every operat'qysites in doctor equal 0.

ﬂ WELANE YA WELNLLA.
ol ﬁ"fﬂ&iﬁaﬁ CATBILL LIS 1

he heuristic will stop finding solution in this phase when there is no potential hospital on

the list or the total requirement of every operation sites in dentist equal 0.
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Phase IV: Potential hospitals which can support at least one type of medical staff at

operation site

During this phase, hospitals that pass the criterion of having at least one type of

medical staff that match the requireme | ‘operation sites are added to the list of
“potential supporting hospita reuristic will s inding solution in this phase when
there is no potential hospita ' the | t : nt of every operation sites in

Istic, the acceptable solution
is gained. Then asurement calculation will

start the process.

ork procedure of using

computer to help precessin 3 g t i ible solution of assigning

Step 0; Computer begin calculate th z .7 ;- number of medical staffs in every
type of every operatic = e dical'staffs in every type of
every hospital : T—S‘i al is greater that the
total requirement efmed

Equation 4. 19 I

F’T‘HEJZ'IVFEmﬁWEﬂﬂ‘i

If returns true value; io tos e’:)

QW AT Tt I Tk TR

uantlty equals to the shortage of each type of medical staffs

Cdummy P Z - Z Z Bk

=1 k=1 i=1 k=1
When;
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Caummy , = the dummy quantity of medical staffs waiting at supply warehouse of

medical staff type k

Step1: Create potential hospital lists that have the capacity of doctors and dentists over

ple orting from the earliest
% 1e column sorting the
number of operatio ‘. v ital"has pote  2 sefve medical staff. Then set
the x;; value of t i J equals to 0. Then go

to step 3.

Step 3: Check whet ; : : 00 ( i '- ’i e than one operation site can

If return true values; divide-f oblem 0sset of assignment problem in each

combination. The total numbers of divide quals—the total number of
COMbINaton CHE oS ion e
- ]
If return

Step 4. in each d|V|ded aSS|gnment problem Check whether number of rows is less than

zﬁﬂﬁﬂﬁw8w5WH1ﬂi
ammnimwﬁwmaﬂ

If return true value; set the LP constraint of the summation of assignment value
by each row equal to 1 and the summation of assignment value by each column
to be 0 or 1(as in Equation 4.21 and 4.22). This means that each operation site

has to be served by one hospital. Find the shortest distance optimal solution that
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leads to the least remaining requirement of medical staffs in the operation. Then
go to step 5.
Equation 4. 21

Equation 4. 22

s equal to the number of

If return false ther number of rows is.
column or notgl* #F F P == AN

Equation 4. 23

If return true va mation of assignment value

by each row equal i » mation féssignment value by each

| 3 I 4 7 - ‘]
column equal 1(as in if'-r:“:‘--“hﬂ- 43 ). This means that each operation

site has to be served -m'v;; ee & hospital can serve to one

operatb it ' on! ‘Jg at leads to the least

1. Then go to step 5.

remaini ti’

Equat.ﬂum é NeNT
AR830 MANAL..

Equation 4. 24

If return false value set P cons raln he summation o
by each row equal to 1 or 0 but the summation of assignment value by each
column equal 1(as in Equation 4.26 and 4.27). This means that each operation

site has to be served by one hospital and one hospital can serve to one
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operation site. Find the shortest distance optimal solution that leads to the least
remaining requirement of medical staffs in the operation. Then go to step 5.

Equation 4. 26

Equation 4. 27

Step 5: After getting't 7 pt Séildi _ v ded gnment problem of each
calculation time. S w arize / ion en okt ether each solution from the
divided assignment  | ' yerrepea " o Aitals supporting to more
than one operation'sites d | \ N

If return true wvalue : .: 0 4 \ 1y dical staffs to the operation site

which has shorte

1

If return false value; record th 11 he supporting value of

hospital i to operation j in'medieal staf s shown in Equation 4.28. Then

at Sl

update the requirement of op ite > anc city of hospitals as shown in

a

Equation 4.29 and 4

Equation 4. _v‘_—fé*ffﬁf Ii""

_ _ Requirement of medical staff type k o - operation site j
Qijie = TN g gcapacity of medicvaff type k of hospital i

EUYINININYINT
ARANNTHURIAINYINY

Equation 4. 30

n

Djx = Djx — Z Qijk Xij
=1
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Then, return to Step 1 until the requirement of all operation sites in doctors and

dentists equal to 0. Stop the calculation in this phase. Then, skip to another calculation

phase.
® Phasell
The decision work prec x"*‘-.i‘ NN, Phagal i€l tical to phase | except that in
step 1 the screening criterion of pote ntlal hospitalis relaxed to be the hospital with the

capacity of doctors over the regquirement of in every.operation sites. Moreover, in step 5,
the process will sto'p if theafequi ehtiof > ical staffs -- operation sites in

doctor equal 0

® Phaselll Yy Jo

The decision w rivl dure (inF ? is ident

except that in step, M thedScr ni bf -} : \‘ pital is relaxed to be the
hospital with the capav.v / Q D , I\

al to phase | and phase |l

-' Nt of in every operation sites.
Moreover, in step 5, the processswill stop: if ther ament of medical staffs of every

operation sites in dentist .f: k=4,

® Phase

"."".II -.‘l.'ﬂJ-IIIIA-}I-leLﬂJl‘iﬁiiiﬂIlll-ﬂ IIIIII :‘ ‘FV; e I || and I” eXCept

The "

v F b "8
that in step 1 the scre S relaxed to be the hospital
e . i

I

medical staff in required type of operation site is

with at least one type of the capacity o

not equal 0. Moreov"r&step 5, the procew/vlll stop if the requirement of medical

= FUHINHRINGNI
re illustrates the summary of decision model wor procedure of

assigning supportlng hospitals in thfform of programiflowchart.

ARIANNIEM {iTignay
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Create lists of potential hospitals which is passed the ‘
screening criteria

Create Assignment table and set X;; = O if potential hospital |
cannot support to operation site j

set Y X; =1 for
each row

No of Row< No.of Column

hange
leas! u‘

suppo alue

Cutoff the least weight supporting value and update
hospital cap and substitute hospital

|
ipporting va i
1 Display
result

Figure 4. 9 summary of decision model work procedure of

assigning supporting hospitals
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4.2.2 Distribution methods’ measurement calculation

After the solution of assigning supporting hospital is gained, the information of

what type of medical staff and how many medical staffs of that type are supported to

which operation site by which hospitz nown. The next step of one-day trip
g Y v .

distribution planning is to calcula E"‘\,A ‘measurerent of each distribution method in

order to provide the ne -\.-u.j_';_-: " ation for User&to daside which distribution method

to be used in transporting

nose.medical staffs ir auxiliary hospitals to operation
. > only one method of distribution
method is allowed.”™ " 4 R .

These arcit '.»' [ / ‘oiu ;‘\ e 6“ model of one-day trip
distribution method s8election’ w " : i i

istributi cle ) 'S~Cta 1\; b \ 1\ tion method that each
method is applied differe t dppy \ ’ u
® 7 Ngfms |strlbﬁﬁm od; \\ 1 hospital

site under the assumptionsthat et

rement.

This is the hod and is the long practiced

: : i\
method of the studied organizafion: To calot easurement of distance, numbers

of vehicle and travel time of a person using istribution method are as formula in
| e ST

Equation 4.32, Equa

Equation 4. 31/

S15 = ) Viij djjX;j

Eqw“ﬂ‘uEJ’NIEWI’ﬁWEﬂﬂ‘i

Vll‘_

RN I WINYIAY

Zm t1] Zk 1 al]k Xij
Zl Zk:l al]kXI]

Equation 4.32 shows the formula of calculating exact distance from supporting

T

avg 1] -

hospitals and supply warehouse to operation site. The distance from a hospital to
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operation site depends on how many medical staffs that hospital is supported as well as
the capacity of vehicle in transporting person equivalent unit to operation site.
Equation 4.33 shows the formula of calculating the total number of vehicles used in

transportation and Equation 4.34 show formula of the average weighted time of 1

operation site. T place that leads to the

total shortest distang to operation site. To find

the meeting point usi the hospitals with the most
total number of sup orted me lical éé‘\cﬁsi the ﬂrst ‘ o late the travel distance if
that hospital is desting : in ‘h(]p.tl. * ord the tote distance using the hospital
as meeting point, then ‘ _.- i li,' T h » to be meeting point and repeat the

.21‘ ot 1
calculation and record data._Repea o s until all hospitals and supply
g’ﬁfﬂﬁ{ ) point. Select the shortest travel distance

Meeting 4‘. is advantagec f -""1 flexibility in traveling

to meeting point ﬁwell as le

the number of vehlcli; increase when there are many supporting hospitals to operation

 obk WLl GN 1MV (N (13T i

Warehouse to operation site. The dlgance from a hosEhaI to meeting pom@pends on

WIRIAASAN TN
qupported to operation site as as the capacity of vehicle in transporting person

equivalent unit to operation site. Equation 4.32 shows the formula of calculating the total

warehouse has the total di

and use that meet

require iﬂanspor‘tation. However,

number of vehicles used in transportation and Equation 4.33 shows the formula of the

average weighted time of 1 person will take to travel to operate at the operation site.
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Equation 4. 34

SZ] = Z VZijdiOXij + VZojdoj when o€ landVie |

Equation 4. 35

Equation 4. 36

Medical staff’s pig ' ute: 8 ied in dical staff transportation when
there are two hospit - % the medical staffs to operation
site. To generate pick up find the shortest path is applied to
find the shortest distance of ' e Dijkra’s algorithm is used to find
the shortest p rom a arcge gths are positive. In
this research, path from operation

‘o-find the medical staffs’

{

node to other supg

pickup route can e described:

gunimnrdnrmss

te,Q . each adjacent node to gtermanent node %a single distance WS labeled

VRIRITIURPINDTRY -

Step 2: Choose the node with the lowest temporary label and make it to be labeled
with permanent label of 0. Now that hospital i is the (k+1)th node to be given a

permanent label; therefore, hospital i is the kth closet node to operation site. At this
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stage, the temporary label of any hospital (suppose hospital d) is the length of the
shortest path from operation site to hospital d that passes only through nodes
contained in k-1 closet nodes to operation site. For each hospital j that now has a

temporary label and is connected 0 hospital i by an arc, hospital j's temporary lebel

_label

tila ngth of arc (i,])

The new temperary abe or hospital eng  the shortest path from
operation site toJ tha assesonly if ugh nodes contained in the kth closet

node to operatio become permanent label.

The node with ‘ev W I ne L labs p ode to operation site.
Repeat step 2 uniil all node . g nen \ 0 to Step 3.

Step 3: After that, ¢ ,;o> C B seqL < \ ckwardly to get the pickup
route from supporting spita s'te _ ite. Figure 4.10 shows the summary of
Dijkra’s algorithm in the fori.ofp ogram : udo code.

Begin — '

Initislise & ==F

l[ |
L _ While P=\ do
Choose FiRirmun .'ET

Qi) =min {d()): JgF

ﬂuﬂqwﬁﬂﬁwa1ﬂi

Undate mporary.-'_abe."s
For alf ] A1)

QW’]Mﬂ‘iEH”%ﬂW?WE]"IﬂEJ

End Qo
End for

End 5 end function

Figure 4. 10 Dijkra’s algorithm

Source: Introduction to Mathematical Programming [40]
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From Figure 4.10,

P = Set of permanent label node
r = Operation site r
vV = Set of temporary label node

a(s) ode r to node s

Shortest path distan
pred(s) = Shortest path sequence node r to node s
i) = Distance 7
A(D) = Set of noe
Medical staff i€ ation of vehicle as well as
less number of vehi S e in .7 ion vantages in flexibility of
traveling along th o'as me lest ir | w her places before going
to the operation sj b 1e case that supporting
hospitals are disper ( ¥ = ,Q IS Jewa 0 \ atlon site. Equation 4.35
shows the formul : , , e . : ‘ : orting hospitals and supply
warehouse to operati [ 7_ S ; L ' N a -n ‘.g— meeting point depends on
the total number of supp : ell as vehicle capacity since in this
distribution method the vehlol > e 7 ‘rtation will together leave the first
- h the gperation site. Equation

hospitals and visit all he

4.39 shows t “@m-;_ ows the formula of

calculating the total nt on-and Equation 4.40 shows
] I
the formula of the ‘erage weighted time of 1 person will take to travel to operate at the

operation site.

E“U“‘ﬂ’ﬂg%ﬂ] VIEW]?WEJWﬂ‘i

d x;; + dd,when idre landl—{lz 3,4,.

%W’Mﬂﬂ‘im lI‘M'TJVIEJ’]ﬂEJ

[Z Zk 1alij1]l

Equation 4. 40
T tir Yot Ajjic Xij

%
21" k=1 AijkXij

avgsj — dj
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To summarize, in round-trip distribution planning of medical staffs and supplies
for mobile medical service, VRP is applied to solve the problem of scheduling operation
sites into service-time period predefined by the organization. There is constraint added

to variant the problem from other normal cases of VRP: specific requirement of operation

ists for the convenience in operation of

local officers. With the de lecision 0Cel"o DSS, operation route that feasibly

satisfied all constrain . n ne—wing, auxiliary hospitals is

assigned to support.a siaffs to operation sites:The problem in this research is

distinguished from oiner ‘agsign \:\;:\\ e demand and supply

. ‘ al e t_\\§\~\ the developed decision
V \\"\‘ ' all multiple-resource
requirements  wit A reover, each distribution
method measuremel cald tic by Te ¢ ‘ ’i the planners to select the

most appropriate "distribution method to. tre ',ca ‘staffs and supplies to

J

AU INENTNGINS
QRININIUNRINYIAE



CHAPTER V

DECISION MODEL EVALUATION

This Chapter introduces the eva

ation testing of decision model in the
" methodology process is designed

in order to test the robustne ECis n mo iciency of decision model, and

em including the decision

’\

support system i into real operation in

the real situation. be classified into 2

® White-box Testing is tt ‘ | tior : € hat ”g uses on the correctness of
program such as the program module
le program. White box Testing aims

Jeveloped program.

° Black— iG=the=Giatia: : fess and the solution
retrleve -.r _ ‘1--'!13 and analysis of the

I
develope ogram without the consideration of the ?'-'i' ture or work flow of the

program.

AUSINENITNYINT. e

be classmd into 3 main approac@es that are; thegcision model’s roWness the

TRTRINTRARTINE 10 E

2 The robustness of decision model
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The robustness of decision model relates the testing of the decision model in
capability to find feasible solution of every possible input data or situation when

implemented as model in the decision support system.

In this research, there are tw ‘ decision nadels developed: round trip distribution
planning and one-day trip cf \ plar ! nd trip distribution planning, the
preliminary operation ro greedy s’@wm plays the most important
role to attain the initial solution.that will be i d through within-route improvement
Heuristic of the decision medels A s better quali e[‘aton route is achieved, the
better the improved sol | ‘ . planning, the assigning
supporting hospitals is r" £, _ ' el "i‘_ Stri ™ 1 method. Therefore, to
prevent users to ski € orti ta -: the distribution method
measurements ‘Calculation’ moci _ﬂ o ed until the assigning

supporting hospitalModulé |
5.2.1 Prelimina P Goiit VX bution planning

This testing is designed' e robustness in capability to find solution of
decision models including decis constrai r itation that may lead to unfeasible

solution or conflic odel.. The known correct

,‘*’

answer is use, t and cormr cision model. However, it

still needs more | plicated p or decision model’s faults that can

occur. In the testing procedure, 5 test cases' are created to test the capability and

~ WY ANEnS W

Test case There are some se@wce—tlme perlod that the number vequested

q RGO HAR NN

Test case 3: There are some service-time period that have no operation sites with the

' Test Case Details are in Appendix B
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specific requirement to have mobile medical service operate during that
service-time period
Test case 4:  Every service-time period that have some operation sites with the specific

W

requirement to have mobi edical service operate during that service-

time period
Test case 5:  The mixture of s havmg no operation sites with
' caI service operate during
period having number of
does not exceed the
iod and some service-time

specific requirement

time period.

The testing datalares e, realk; ata in stion sites and distances between a
ﬁ tistry service in Chiangmai
province of the fiscal ye Cl irement of having mobile medical
service operate during service-time period i

il T _,i'“‘ J # ,.r‘i' "
“can find the feasik inary rou ing solution of all five

ndomly addressed. The testing result

shows that the decision

test cases wi ‘fvcma 3 5.1 by using Intel®

Core™ 2 Duo CPU'P9¢ g computer.

Table 5. 1 The te :lre result of operation routing in round trip e[ ibution planning

e mmm@ﬁﬁ%

est Case 1: ~ 4,935.61 0.89
, | 7% ¥
Y WS “ phivoanbziy
q Test Case 3. 5128.06 | 0.83
Test Case 4;: 5,304.09 0.89

Test Case 5: 5,068.76 0.94
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By using the developed sequential saving heuristic to arrange preliminary
operation route, from the testing result in Table 5.1, it has been shown that the favorable
result can be gain in reasonable computing time of averagely 0.87 second. The

developed approach depends greatly o) e first set of operation sites into the route

the end-node will be used to select

st total operation routes

other test cases, some

t of operation site is fully
| service operate during the

selected service-time perlod

L

objectives in pr%ng mobile rTT"dTEaTFSer‘(fC'é' ind “Teasc e trapsportation cost which

i
in this case refi

a0 .J.-llllllllﬂll-I.Il-l..IL‘ll‘Illﬂ_-‘L‘""_II-‘L'-llla-l.'ﬁﬂl-" ieer’'s convenience.

5.2.3 Within—ﬁratio dtrip diﬁbution planning

The testing of vﬁrHoute mprovementwround trip distribution planning follows

- AR ARERTNHARN G

with Iess%omplexﬂy in testing procedure since the improvement of routing can be

xpected in advance since the |mgovement 0 ary routing must ‘fefurn better
At bR TR kT BTakiT ey T
ﬂuahty. The operation sites of the preliminary route remain the same in operation route
including the number of medical member and medical supplies required in medical
team and the total number of required vehicles during the service-time period.

Therefore, this testing is designed to be tested jointly with the preliminary operation
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routing testing. Table 5.2 shows the result of within route improvement from the
preliminary route in the five generic test cases.

Table 5. 2 The testing result of improvement of preliminary routing

The Testing result of ) B dfore After

improvement in \ / |
ip distributi i .ﬂ 3(s) | Distance(km) | Time(s)

Round trip distribution plan '--a.“
35.61 —0:89
'——

—
Test Case 2: % F\ 8

Test Case 1: 3,180.29 1.08

4,259.19 1.07

Test Case 3: Aﬂﬂw \‘:ﬁ 580.89 1,64
e
Test 4 a \\‘Q 1.44 1.07
cxcon s 2 J AN 5B o | o
Tost Gase 5 I]/ﬂ;@(\\%\ (25019 | 100
3 (=)
By applying 2=Opt algo it \o Von from the preliminary
operation routing stage of de |$“91@ > ament result from Table 6.2 in the
5 generic test case sha t -"e - alg Sritt m can reduce the total distance of

# Fr o = e
ooy i o
preliminary routing averagely By 24 -88% whiel ads to the better solution of operation

r‘:"'_“ -
route of round tr|p distribution-p '*'c:“* q. Hoy

dpoig” HOMES Je to the fact that the developed

algorithm applyin ia | possible patterns of

:"*# as a result, the

e mary rming.

524 Assigning‘iumrting hospital in ong-day trip distribution planning

FUEANENIWENDD o

oapablllty of finding solution including decision cons&nts and limitation t@may lead

@ @gt!%lqj r‘f 11‘1 Ej(jﬁilﬂodel.
he known correct answer is used to test an compare the solution fro e decision

model. However, it still needs more complicated procedure in testing for decision

cutting two cong

computing time isEerage
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model’s fault that can occur. In the testing procedure, 6 test cases” are created to test
the capability and correction of finding solution of those test cases of the decision model
that are:

Test case 1: Two operation sites per manth with total medical staff requirement of

every operation ¢ al capacity of all hospitals and
: skipped.
Test case 2: Five o ; dical staff requirement of

city of all hospitals and

Test case 3: i ioh sites Jper_mon A\ ith to l medical staff requirement of

Testcase 4. Two operation sites per. mor N total medical staff requirement of
dh e dd '

3&?.' an

Testcase 5:  Fi derati site? &rmon Jtal medical staff requirement of
e

every ope Tt‘“”' apacity of all hospitals

Test case 6: Nine operation esS—per-mor vith total medical staff requirement of
Lt WA S
) T_.' 0N site mor thar

The testing da s and-distance in the operation

of all hespitals

plan of the normal.mobile medical service of Ratchaburi provi, of the fiscal year 2008.

However, in real pr,ibt'& only two operatiwsites per month is scheduled in the

operatiﬂjlyﬂfﬁ tﬂﬁiﬁtﬁtﬂ c tﬁ’r]e F]oﬂiation sites from
fiscal yeq]of 0 C) be in one month operé ion sche ué in order to test whether the
decision model has the capability tcﬁind the acceptablessolution when theublem size
AR ASHUH BT B AR B
qf all 6 test cases within aoéeptable computing time and showed in Table 5.3 by using

Intel® Core™ 2 Duo CPU P9600@ 2.66 GHz 1.99 GB of RAM as the testing computer.

2 Input data for all 6 generic test case is shown in Appendix B
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Table 5. 3 The testing result of the decision model in finding feasible solution

No. Test Case | Distance (km) Time(s)

Test case 1 645.6 | 0.90

Test case 2 l]’ 1,416.3 | 0.99

Test g \"\\ f 0.92

0.64

,ng
£V

Table 5.3 shows the  ._ | feas Ls,_: sold

Urting of all test cases

can be found within the g€om pu g ‘seconds. However, the in case

J ['.L—i = R
that ly of total cab Y
at supply of total capacity o ﬂ. f | \ 3

demand or forecast number of tqi -;. ref
requires many hosp| S to) uppo‘?ﬁ ffs to operation site; therefore, the total
TN

dramatically less than the

al staff of operation sites, it

distance in travelling from all supp a,-‘ ) all operation sites in test case 1, 2
o A ,r...n"'.l '7

and 3 are very high even with n 1 mobile medical service of 2 times per

month. However, if the sup f total capat ' medical staffs of hospitals is

appr‘ox|mate| e cr.frIE-II-III_-II_IIIPIIII-II-m-IIIIIIIII_Iﬁ-lgztii:'VA = u”'ement |n med|Ca|
B \_
olution due to the fact

that the high pmtial hospitals are assigned to do thmask in the supporting
relationship of 1-1 W@bﬁads to the less nurﬁt.);rs of hospitals assigned to support the

medicﬁuﬂ é?v ﬁﬁ ‘ Wﬁcﬁlﬂeﬁ of test case 5
which nted in Ta 1y a'si il spitals is assigned to
support the medical staffs to an opgatlon site; thereféfe, leading in the redsohably less

OF K Eat N (I T

%edical staffs of the operation site. Aimost supporting value is received from phase | of

staff of operatior si

the decision model which can be guaranteed that the solution is optimal in the
perspective of assignment model approach since the solution is gained from linear

programming.
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5.2.5 Distributionif

The testing of dis
atlals
follows the same approach of asﬂﬁg@ SUp

planning with less complexit ‘r br't'g""

o

OULIO

calculate the distribution "',' ,_‘;, .7 ure

vehicles used in'tran
the same app (.*,'!-;

method can be Cﬂpa eo
hat help strengthen

it

to the conclusio

advanta
with thﬁ

gh

e

No. of medical staffs supported to Gained in

Supporting | Operation each operation site Distance | Phase
hospitals site Doctor | Dentis urse | Pharmacists (km) fiteration
H3 A & :\\\UAI 3 3 32.8 | Phase 1/1
H2 C —n ] ' 3|  69.0| Phase1/1
H1 D 2 60.6 | Phase 1/1
H4 E 3 38.7 | Phase 1/1
H1 B 68.7 | Phase 1/2
H5 47.9 | Phase 4/1

: ution planning

day trip distribution planning
i a in one-day trip distribution
since the decision model only
of distance, time and number of
0l )ever, by testing using
Jg each distribution

the analysis of ec

distribution method’s

stances and can lead

Therefore, tMestlng is designed to be tested jointly

EJ VI @w Eﬂsﬂ r%“ of distribution

method é‘]ectlon testing from the solutlon of aSS|gn|ng supporting hospital testlng with

QW”T@\‘TT‘I'?W UANINYA Y
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Table 5. 5 Result of measurement calculation for distribution method selection

Direct Pickup Mesting

MNo. Distance | Vehicle Time Distance Vehicle | Time Distance Vehicle | Time

Caze | (km) (Mo} (=) {kern) | (Mo} {lerm) (Mo} (=}
Test
case
4 186.4 2| 72.31538

Test

case

Test

case

6 2&4‘ 3| 582
From Table 5. e results in the least usage of
number of ve a,."‘,al'r=,—'-—'—'-'?'f'f---—--'f--—'T'-'f"-'f—'?—--'?!!==5===?===5!?{ vehicle to transport
medical staffs vf‘ highest weighted average
time that a medical staff spends in traveling by the |stibutio ethod to operation site.

Meeting point gives iatlsfactlon on the ut|I|zat|on of vehicles from the meeting point to
operati i used to go to
operatlﬂ uﬁ‘g ﬂﬂﬂeﬁwrﬂ Mrnﬁ;ractlce in the
studied organization usually has lowést weighted avefage time reflecting tWXIbI“ty of
RN UHRNAGAHTR 8~
qwat it uses more vehicles to distributing the same amount of medical staffs to operation
sites comparing with the other two methods. The distribution method that gives shortest

distance in transportation depends on the dispersion of supporting local hospitals in the

network. Direct shipping can be the distribution method that gives the shortest travel
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distance when all supporting hospitals are far from operation site or they are not in the
same passenger way to the operation site. For example in operation site No.2 of test
case 5, the supporting hospitals are not in the same passenger way of one another

leading that the pickup route to hav onger travelled distance than the direct

distribution method.

From the result,.i thod has its own uniqueness

and drawbacks in tran ' [ wDirect method can leads

system.

5.3 Decision mo

planning of the de ! ' had been tested to evaluate the
capability and Correctness of decision models to find the fea3|ble solution from the
generi g el ned to test the
efflolenﬁ ﬁﬁdi ij g]em Wﬂnﬁﬂ ﬁes and current

practice a'lthe organization.

A RN A= MR REVR

qutlon is used to compare with the solution from any the proposed solution. However,
in this research, the optimal solution comparing technique cannot be adopted due to the
fact that the optimal solution to the problem in this research is not easily gained because

of the complexity of the problem. Therefore, comparing with other method is adopted to
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verify that the proposed decision model can efficiently find the feasible solution

comparing with other approach in finding solution to the same problem.

To test the efficiency of the problem, the proposed decision model in round trip

distribution planning using sequenitia 1g heuristics is compared with the solution

quality between current practice ¢ th ganization in finding solution and the proposed

To define the propes imeastirements Used in decision model efficiency evaluation

_ ol According to Eibl [40],

the level of meas .-W'— 7 ‘ el. The macro level

concerns the meqs| rement tha all o anizaﬁ such as the reduction

process, there aré many mea

of transportation cost whlle the micro level oonoerns the operational effect to the person

B0} N 1L I 1} 10 e

the solut%'!w quality of approaches‘qn finding the s%;uon to the proble@-’proposed

RIRSDIH AR TREES

as the evaluation measurement. The approach in finding solution that leads to higher
total distance is likely to have less efficiency in finding the solution of the problem. The

percentage of distance difference is used to evaluate the efficiency of the problem.



141

Generally the percentage of distance difference can be calculated using the formula in
Equation 5.1; however, in this research the distance of optimal solution is not easily
gained. Therefore, the current practice of organization is used to evaluation of the

decision model efficiency

Equation 5. 1

When;

d = total di;ta g ir ‘ Ml \'-."'1 oposed method
dcompare »

Ne od that need to be

>d decision model is
designed to use the @ el S u_-,‘_' e soll { . the proposed decision
model and current practice of _' Stk ganize » {0 evaluate the proposed
» 11 ance difference as the
quantitative measurement.

The current method of-t! sing planners’ experiences on

operation :ﬁ‘;“-ummm“—u e fiscal year 2008 of

mobile dentist ""_ v e period during the

r
* Table 5.6 shows the result

" .
winter of Chiang J province is accumulated for 3,559 km

of the decision mode‘-efflnjcliency in finding so&:i'on compared with the current practice

U TNYNINYING
QRININIUNRINYIAE

° Detail of operation route are in the Appendix B
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Table 5. 6 Efficiency of operation routing decision model testing result

Efficiency SS SS(After) ORG
evaluation 1] |

Distance(km)

result Distance(km) | i time(s)

Test Case 1: 1.08 3,559

4,93

SS = ent in 0ac .>1~ 'u ‘method in decision

SS (After) = The impr: , roposed m \: |on model
ORG = i lization appros \‘ 3 s-, g for mobile dentistry

From Table 5. stmmarized that the p oposed decision model can
v ,!‘”ﬁl_' \ |
give the solution be , ] ach "'1 e studied organization using

planner’'s experiences i > for round-trip distribution planning

with the result of decrease;W ance 10.85%" of the studied organization

approach wh| tofreceive better solution

than the organ %‘—_— : 1{," proved through the

improvement heuwi i to hea
method to merge e operation site into the combined operati
sequence of the enﬁﬂe of the comblneﬂ-ﬁieratlon route leads to deficiency in

mar- Lot U TUD LTt e gt

mprovenﬁwt heuristic developed in the decision model can help greatly in reducing the

ammmm NG I

e decision in generating operation plan.

ct that by using saving

route to be in the next

“ Details of the results can be found in the Appendix B
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In one-day trip planning, the efficiency of decision model can be compared with
the current approach of the studied organization from the operation schedule of
Ratchaburi province mobile medical service of the fiscal year 2008°

Table 5. 7 Efficiency of assigning supperting hospital decision model testing result

1

No. of Test Case | Assign m \" ‘ : ff , portation model ORG
el N AF(km) Distance(km)
Case 4 ‘ﬁ -
Case 6 ~— 1,516

\

From Tablg opment of decision support
system can dramatically rg€ 1ge thé number and tc of hospitals supporting

medical staffs sche du 20 eraﬂ ‘|‘ € >n compare with the

h, e develo = et ) the better solution in less

transportation appros
computing time due to the f h&ﬂﬁéﬁa some alternatives of hospitals
supporting to the operation by uﬂtl@'s’c ening criteric | 10 list the potential hospitals

» s i L
before assigning the medical _.o- atio ; as a result, the developed method

leads to the less numbers 2‘.}' : pi lisuppor ‘medical staffs to operation site. Thus,

the distance is sk ' sial fin the case that each
- -

eration site. However, the

hospital does nc

approach takes Wer a sdue to many variables

involving in the co putatlon process.

5““$ﬂ11ﬂ‘°3 NENINYINT

rs satisfactory evaluatlon is very crucial for the evaluation of the proposed

ﬁﬂﬁ\lﬂ PEUBIN NN VIF

e distribution of medical staffs and supplies to the operation site. Therefore, the

seminar to interrogate the planners or other involving personnel in mobile medical

° The detail of operation schedule can be found in Appendix B
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service distribution planning is held at Thantong Room 1* floor Montien Riverside
Bangkok on 16 October 2009 at 9:00 a.m. ®in order to propose the decision models of
the developed decision support system to the studied organization including other

involving agents’ representatives such as the planning officer of Ratchaburi provincial
public health office, local public he , /
staffs and other organiza ---’-." is providing '

be summarized in

itals, experienced volunteer medical

medical service resembling the

the proposed decision

support system, th the operation and the

operation of the studied orga lization is inc ' ly planned since the normal mobile

usuarlythe"p'roﬁiﬁ'él'a__ obile med Vi hich the medical staffs

medical service;'s

are from local 0Spitals in-the province; the studied « en.is only the coordinator

in medical staifs_an pplic css. The mobile dentistry
operation route i ; -' organization and is
separated from the f)rﬂ mobile medical Woe. However, all attendees agree that
the scﬁ(w rﬁaﬂisﬁﬁﬂaﬁ iWoﬂg’ta hﬁ tﬁmobile dentistry
operatiorq:[)ute planners to easily generate the opération plan. Moreover, the idea of
letting _bottom-up requisition of o£ration sites frofocal offices into thé decision

OV AR EaL DI IL TR LI E Y 1

qJndamentaI objective of the studied organization.

® The detail of seminar can be found in Appendix C
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After the decision model in round trip distribution planning is described, the decision
model of one-day trip distribution planning is introduced. The idea is really stimulate
interests in assigning hospitals to support the medical staffs to operation site since in the

current practice; this decision stage is not included in the planning process. The current

practice of the studied organizatio

closet hospitals to the o on < S sil ing hospital completely ignoring
the medical staffs a&requ@men

m] site. Therefore, with the

requirement of operation

porting hospitals usually assign the

developed decisio

sites; thus the studigd® er as the organization’s

objective. The distribution meéthe iiselecti e of ision model in one-day trip

distribution plarining iéadsf tal goritroversial iss 5 in medical staff pickup route

ol SW‘E q—t _- ger way to the operation site;
E'- i e i!‘ = ar

the method can economicall s@tﬁ’ disi

e-:y"'r"'}"l:ﬁf A

r:iansportatiorf AN

the case that supporting

vehicles used i

After all

introduced, the gimulati
the business Worﬁw

of the decision support system is described and demonstrated to

e ,t.rguunln-numruu-\---ra-rs\v1ur-|.7ﬂ.-nruqm ON-=S upport system are

seminar attendees. ih(ﬁitendees are imprﬁed with the business workflow of the
develoﬁ ﬂlﬂ@ t mrﬁuws ﬁ ﬂo%loped decision
support %ftem sholld be applied 1o help distribution planning in the pilot province in
order to make an experiment whetht‘ the developed deeision support systém'can really
opEaabar AT AN NIVIE TS E

q L4 Thé possibility in implementiﬁg the system | |

There are concerns over the subject of implementing the system into real situation
due to the fact that there are many involving agents collaboratively operate at the

operation sites of mobile medical service. Therefore, in order that the developed
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decision support system can be efficiently used to help officers in one day trip
distribution planning, many information and data should be in the same format of all
involving agents and must be correctly entered to the database. At present, all data and

information from an agent are not linked ta one another and are mostly in the form of

paper documentation. Therefo -J_ , 3 cision support system may not be

er A ,/;(W(’f medical staffs and supplies
distribution planning when mmm.-; th@.

There are some.k

concerning the sele objective i € prof osed decision model. In the

medical staffs and supplies disiibution o operation's

. e Se
--: "':I‘"r"l::']‘}-i‘ :"’+ F &
satisfactory eva:ﬁ\tion form co"ncﬂé’r'rﬁﬁg qu > ision medel of round trip and
one-day trip distfibution—planning—to-evaluate-the-user action on the proposed
‘ > ¥

decision model. The @ is >valuation can be classified

into the satisfactoryevaluation of proposed decision model and.the possibility evaluation

of implementing the pfo&ed decision modeWeal situation.
- RUBFRBRIHEAN T
To eaallluate the users’ satisfagtion of the devﬂped decision supegjt system,
quqir rﬁiﬂﬁ mﬂﬁ%ﬂ ﬂi%o a@]iﬂ/irﬂgents
qf rho ile medical service operation. The user satisfaction evaluation can be classified
into three parts which are the satisfaction of round trip distribution planning’s decision

model concept, the satisfaction of one day trip distribution planning’s decision model

concept and the overall concepts of developed decision support system. Users’



147

satisfactory evaluation is used to evaluate that the contentment of the future users on the
developed decision support system is at what level including opinions and suggestions

concerning the improvement of the developed decision support system.

The samples usedin user i€ "‘)are the representative samples

from all involving agen mobile ice nd operation including the
representative fro ealth officers, provincial

public health offic staffs and other mobile

medical service provider organi i on repliesentative The sample size is 18 responses
from seminar attendegs; 4 fesponses fror the st - nlzation, 1 response from
local public healthéoffices: S0 S from | Ith officer, 2 responses

“medical service provider

evaluation is the opinion of seminar
attendees on “the ¢ “of the deve support system through
questlonnalres r‘"

5.4.3 DataE\alysis ij

The semmar"ttﬁees are 30 peoplé.18 of them response to the distributed

I TP A

mterpret d analyze the questlonna|res responses on the satlsfactlon level of the

IR0 N AN

" The detail of questionnaire can be found in the Appendix C
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Table 5.8 shows the percentage of individual characteristics of response (n =
18). Experienced medical staff is the most response with 38.89% while local planner is
the least response with the percentage of 5.56% of all response.

Table 5. 8 The percentage of individua characteristics of response

Individual characte ., \\\“ﬁ ,(!4 _.#' GrofP opIe Percentage
Medical ¢ g...___- — 38.89%

Local Pla . 5.56%

Central office P -J/mm\ 33.33%

Provincial'o ‘M/“\\N\\ 22.22%
The evaluationdas ‘. ent 1.,5; f \ _ o0 three parts; round trip

distribution planni ,;‘ >cigic action of one day trip
distribution planning’s deg Siofn model -c F” ' ‘ |I concepts of developed
decision support S ev | &‘igﬁ‘ ‘ fa tion on each part of the
developed decision sUppoi ystir#r” =

Table 5. 9 Overall satisfaction, ﬂ‘paﬂ' d decision support system

__ :';j ; Level of
Decision s '3.‘::*,,,,, ) evaluation part | Satisfaction
Round trip dlst ______ o
model concept » Satisfied
One day trip dlS’[I’M’[IOﬂ planning’s decision
model concept | ¢ o 8 3833 | 10 Satisfied
support éﬂtem 4. 069 0.810 Satlsﬂed

AMAINATHURAI AL

eveloped decision support system with the highest mean of 4.069. However, all parts
of the developed decision support system can lead to the high satisfaction of future user

on the developed decision support system.
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® Round trip distribution planning’s decision model concept

To evaluate the user satisfaction of round trip distribution planning’s decision

model concepts, five subtopics are addressed to measure the level of user satisfaction.

Round trip distribution

I conept’ / : « |: Mean .| Level of Satisfaction

The capability of decision

solution of operation rou ¥ - Jid N 26 Satisfied

The decision model's co

appropriate and versatile Satisfied
The input data is adequate",
and versatile. Satisfied
The solution fronﬁm 0

— '
appropriate to generate operation plan 3.944 | 0.873 7 Satisfied

‘a

- F AN ANEON ..
AT IRLNA TINE I

satisfied topic in the developed decision support system is the decision model’s

concepts, the appropriate input data and the solution from the decision model which

can be used to generate the operation plan.
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® (One day trip distribution planning’s decision model concept

To evaluate the user satisfaction of one day trip distribution planning’s decision

model concepts, six subtopics are addressed to measure the level of user satisfaction.

Table 5.11 show the user satisfa ‘, n / s of each subtopic to evaluate the user
satisfaction of one trip distribut anning’ ' odel concepts.

Table 5. 11 User satisfaetion analysi & i e trip distribution planning

Level of

S.D. Satisfaction

The decision mode

problem in assigning Satisfied
The input data is ¥

and versatile ¥ K iﬁ, % \ | 0873 | satisfied
The solution from deci ; -

appropriate to gen'vte brat _ N 0.832 Satisfied

The possibility in usin ,,.1": A a'o, a

o

assign supporting local hos .‘.:!.r.!!".‘.:

situation

| 0938 Satisfied
.

The constraintsrof.decisionmodells.comect |+ =

N a\
, appropriate and, ve , 003 Satisfied

The &sibility in using distribution method in theﬂl situation

d F_ Direct shippirﬂ,i‘ 3 222 1.353 Satisfied

Satisfied

medical staff pékup route 2 860 0.686 I\/Iedlum

q AT AN~

atlsfy future user of the developed decision support system; however, the most
satisfied topic in the developed decision support system is the solution from the
decision model which can be used to generate the operation plan. This may help

planners greatly in determining the supporting hospitals to operation site as scheduled.
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All distribution method have the probability to be used in real operation in transporting
medical staffs to operation; however, the medical staff pickup route can neutrally satisfy
future user of the developed decision support system due to the fact that the method

requires medical staffs to wait until the vehicles comes to pickup instead of go straight

to the operation site leading to . f or opportunity in providing service
to customers. — | i)

_‘I

—
® The overall co of support system

user satisfaction analysis o
concepts of developed decision s

Table 5. 1 User satisfaction anal

The overall concepts Level of
support syste Satisfaction

The decision support s teminks e

necessary dis.tributioi pl§@ = 802 Satisfied

The decision : e

solution to di i.ﬁr T Satisfied

The possibilty in] W

support system into real situation Very Satisfied

%l V}} ﬁ n Ioped decision
support sqj;tem all subtopics can satisfy future user of the developed decision support

system; however, the most SatISerCF’[O ic in the devéldped decision sup stem is
TR TS WA I T -

%ough there are some concerns over the linkage between information and data of many
involving agents of mobile medical service, the overall concepts of the decision support
system can help greatly in reducing the decision making difficulties in distribution

planning process especially in operation route planning in round trip distribution plan.
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To summarize, three approaches of the developed system evaluation is
conducted; the evaluation of decision model’s correctness, the evaluation of decision
model’'s efficiency and user satisfaction evaluation, All testing approaches give

favorable result. The testing of decisic

odel's correctness reflects the capability of

quality level of expe ienced planr i I ution planning. In addition,
future users of the.developed-de | o]ell .demonstrate high level of

satisfaction of the owe : Acept/of ithe deve ope ' odel and suggest that

support system ¢ iSfagt ANSW ' ) probl | distribution planning's
decision making of Se e with the capability to find the
acceptable quality’ hich can beu 0. g€ he mobile medical service

distribution plan.

ﬂUEJ’J'VIEWlﬁWEJ’lﬂi
ammmmumaﬂmaﬂ



CHAPTER VI

INFORMATION SYSTEM OF DECISION SUPPORT SYSTEM

This Chapter introduces the ei n of information system of the developed

decision support system mclud ng the eval ’ f correctness input data to be used in
the computational proces e DS AUAT deling Language): which is the

standardized model used ir Y ie | ' Ln9 (OOP) is applied in the

design of information i icial for communication with programmers in

described by using “Use
Case Diagram” whic| i |S|on support system are
listed and described j I ‘r: hip | e “actor and activities in the

system.

F o S
There are 3 activities ¢l ‘-.:!"'-,ur z activities in the developed decision

support system of moblle ‘.rf'{‘ﬁ' distribution planning for mobile

medical service. 2 & és in the system. Use Case
e ——

Table, Use .._*,} | Use Case Ter N g ist all activities in the

s

nﬁte : ‘and ﬂvmes in the system and
iI i . g . o . .

activities in the system consecutlvely

system, to demo

to show the deta

ﬂﬁﬁf‘?“ﬂ&l‘ﬂﬁﬂﬂ’]ﬂi

re are 2 actors mvolvm& in the developed decision support system Use

LR LASTTIAR TV INTIRT

of the decision support system of mobile medical staff and supplies distribution planning

for mobile medical service.
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Table 6. 1 Use Case Table of the decision support system

No. of Actor Case Description
activity
1 11F ]
Central ita | 1| Settin data and information requires for
Operation rFr
office A ; ation of the decision model of
Route : -
planner ution planning that is to set
Planning "

period of each province

\\:\ site requisition of the
during specific season

DN
~N\

atabase

ary supporting data for
ing the alculation of decision model

= _main database such as distance

edical staffs and

cast of

:,1- operation site.
-" p

ue ?‘l?‘i“ﬁlﬂiﬂm Ny

ode fin e feasible solution of
E |
round trip operation routing including the

UPE

Create OF&UOI’] plan for féund trip
mrmu (Bt Sa ki fla b2y TH
Plan model and other necessary information




Table 6. 2 Use Case Table of the decision
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support system (continued 1)

No. of Actor Case
activity

2 Assigning | Provincial

Supporting | Office

Hospital

‘l
— L
Ll

I ST T

Description

igve the operation schedule of one-

7 f ation the focused province
&month from the operation
.

h 3
o] ' necessary supporting data

1ing aICuIation of decision

C

database such as

atrix

‘and forecast of medical

\ supplies at the requested

A

Signin:

A

nd the feasible solution

cision
supporting hospitals to

the medical staffs to operation

‘ value from each

Nl |
i eration site in the

I-calcutaton datab%

plan “for one day

Create dis ! tio

Operation’ distributiop=, by using  solutigns from
T4 3B AR
o information “ |
3 Provincial | Supporting Retrieve the supporting value of the
Distribution | Office value assigning hospital activity from storing
Method Planner Management | database of the focused province during
Selection specific operation date
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Table 6. 3 Use Case Table of the decision support system (continued 2)

No. of Actor Case Description

activity

3 Provincial model calculates the

Distribution | Office s «L; : “‘ofeach distribution method
e G

Method Planners

Selection

ibution method for

d stores information

plan for one day

6.1.2 Use Case Diagram

Use A —m rrd"}: es the relationshi
= X "

between activities-ir ows e Use Case Diagram of

-+ ,
i | |
the developed deeiSion support system and Figure 6.2 show ”}

e Use Case Diagram of

the develored decisi“.nmport system in the/Sefup data.

(THAN B BN
MR TUNNINGAY



Central office

s s -
I' .
H ’
L

‘ﬁv

AUEIVEMINYINS
RANIUHNINIIAD
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Service-time
period

Provincial Central office

office

Figure 6. ‘ se Case Diagram of the developed decisio

YN REN
bW T imph iy

® Basic is main activity covering the focused activity in Use Case Template

support system

® UseCase is the focused activity’'s name
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® Precondition is the conditions or rule before continue the operation in the activity

® Successful Post-condition is the result from finishing the activity

°
°
°
0 Use Case Template
fing up is showed in Table
Basic
UseCase 1
Precondition ' ' E—=—- —' me -‘"- ation the destined as service-

ce during specific season

Successful Postcondition etail in database

Failed Pregofdition |

Y

Primary, Secondz

Flow of Event , ransactions ﬁj

Examine the existing service-time period

period

4 Insert duration of service-time period

5 Save service-time period into database
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6.2 Business Process

From the description of relationship between activities in the developed decision

support system of medical staffs and medical supplies distribution planning and actors

=N

0
%)\

A

i

l>
Retrieve setup data, input data and
supporting data

}

Assigning supporting hospitals

-

-
-

.Z'*-

d supporting value

i) 1

. o Calculate measurement of distribution
l\?lcal staff registration i method

|
I Y ‘
AN WS
etrie ‘ essaiy informatio en ate 7 crecthishiohon ¥hod
U

operation plan

STOP

Figure 6. 3 The medical staffs and medical supplies distribution planning process of

DSS
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6.3 Graphic User Interface

Graphic User Interface (GUI) is the interaction between the decision support
system and users so that users can interact with the system as required. The main

function of GUI is to demonstrate dat: alculated solution, receive data from user

input and control the progra 5y passing /o to operate the program. In this

staffs and medical supplies

@are as follow;

distribution planning of f veloped decision

eveloped decision support system,

e 5-1« n in the left hand side of

support systerm| Al ) UpPPOI lem of mobile medical service can
i - ‘

be shown circled in Figuré 6:4. L
AR

Tree node

i
| S ervice-time

[ Round trip distribution planning

One-day trip operation planning

peration site

B Vehicle -
¢ - Rondrpvetice Ll
v icaliright: &
H m reme . | ‘ i
i | I 1‘ I 1A| ‘ ! |
u 8‘ g S e‘ﬂ j 8 ﬂ i
m =] Service OPD
=]

Volunteer medical staff

ARNANAITERRA NN Y

Distirbution hod selectiol

q =] Mobile medical Unit operation plan
: Roundtrip plan

One-day trip plan

Figure 6. 4 Tree node diagram
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To design GUI, operation sequence in each activity should be realized in order that
GUI can help user to work more efficiently. In case that there is too much information to
be shown in one page of GUI, tabs will be used according to the operation sequence of

the activity or information category depends on the appropriateness. Pop-ups will be

Table 6.5 shows the lists of GUL He deoision s ‘ tem for planners to plan the

Setup data IRt N ime g6 up
r———————————
| vl
O v_ site Dat t
peratien’ r" ata managemen

-II
i |
- 3. Retrieve re Uisition data

Y

: wigqmeleddon

5. Operation route display

7. Operation and distribution plan
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® User Interface Map
User interface map can be used to demonstrate the information flow,

functions of all GUIs including how to access to the required GUI of the
developed decision suppor am. Figure 6.5 shows the user interface map of
all GUI in the develop: Sior m including the specification of
necessary information shown in e e

Setup data input data g ¢ i -

Service-time requisition g . ——

Vehicle Operati Dist: i

Elég;tjig/nwarehouse rseznu/il:::r—ne i | # q sert and delete operation site [

process

_

input data;
requisition
Operation schdule

-

Operation routing ound a 5 ssigning hospitals —
- - ] " Py L' 1 T
View and o - ! \I\ View and print
: i A v

Display resul

Display result

T
View and save
v

Distribution selection

—
dsave
PN

1
: |
ve and print g splay result

Retreive dal j information to cre

ports

612 TS NEAnS

qlmlng Process

RIS T Y T

can be classified into 2 types according to the operation in distribution

planning; round trip planning or one-day trip planning. Figure 6.6 shows the planning
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process of round trip distribution planning while Figure 6.6 shows the planning process

of one day trip distribution planning.

Planning process of round trip distribution planning using DSS

Step Central 1‘ I entral office Planners Description

1. Retrieving necessary input data i e
- service-time period ram displaying ﬁ.-& : ’ :

-site requisition et L___function of DSS
-forecast demand
-specific requirement

Decision model display operation
route, medical staff required at
each trip and number of vehicles
required in distribution

2. Decision model start the'to find ¢
the solution from the set of input
data from planners

3. Report Genera "on' X

Retrieve necessary
information for
generating plan

Add, edit the detail of
E ' operation plan

AMAALNIUUNIANLNY
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Planning process of one day trip distribution planning using DSS

l I

Step

Central System

Central office Planners

Description

-site schedule
-forecast demand
-capacity of medical staff

the solution from the set 0
data from planners

4. Report Generatio

2. Decision model start the to

1. Retrieving necessary input data

3. Distribution method selection

o R | )
e LRI R T,

Retrieve necessary
information for
__generating plan

P

Add, edit the detail of
operation plan

AL , .

» Print out report

Stored data in ?ﬂbase

NV

Figurre 6. 77 Plénning process of one day trip distributionrplanningrusing DSS

Decision model display supporting
value of each hospital to operation
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® Reports

In the developed decision support system of medical staffs and supplies distribution

planning for mobile medical service, there are four reports that can be printed from the

No. of Name
report
1 Operation irom the decision model in
Route  ., G ‘t to see the detail of
: e
Display
2 Assigning ’ The ione de solutiol | \"“a he decision model in
hospital 0 ation sites which user
Display = | ¢ orint t é S, ailof eact ‘r‘[ing value.
= — W
3 Distributio : striu;p oncerning the supporting hospitals to
Plan for e h gr;-m ites; detail of supported medical
one day hod, detail of loaded medical
trip
i W i o j
4_ -'"' ﬁ{ll_--l.l:lﬂlll.!l“ﬂll:l’llll:_ll-:ﬂlﬁiﬁiiiii-=| ----- E“ ,¢', - umber Of med|Ca|
Planfof - | e USed, detail of loaded
TH
round tm medical supplies, etc. .

‘o /
f

A YN NN
distribu |q] planning from the decision support system is shown below in Figure 6.8;

however, the detail of all reports incrﬁ’ding detail of eaéfGUI is in AppendixD

RIS gAY
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REPORT OF OPERATION PLAN FOR ROUND TRIP. OPERATION E]@
Searching
Fiscal year | 2008 vl

Province | Chaingmai

&
Medical service | Mobile dentistry ‘ ‘l j
Season winter umme! i | // J- search ] ’ Back to main page
Resull é ——
[ General " Medical sta ortin Operation pl ribu an
. " 5

Medical team Operati i partur om e O rture | Departure time A
1 /08-/10/ ' otk W s, glois 8.00
2 8/10/08 - 14/40/08 dépot . 8/10/08 8.00
3 08 421/ ‘ ~ depot 15/10/08 8.00
4 210/08- 25i0/08 4.4 < deporin, |\ 2211 8.00
5 29/10/08-4/11/08 | | =depot 29/10/0 8.00
6 1/08,4 11/44/0 0 5/ 8.00
7 2/11/08 — 18/11/08 . . depot 12111 ~ 8.00
8 19/1#108 —25/1408 ™" | .+ dep 19/14/0 8.00
9 11/082/1 b de 6/11/08 8.00 9
' e A =
0 L
DA
P o S, F =
Figure 6. 8 GUI for creating report-of n for round trip distribution planning

TR
A 2

Objective: Tolle&ent the detail of operation

lace, time and date in

order that medi

right time 1 '
j i

Operation details: U*r&n edit the detail ofﬂgpar’[ure place and time for the practical

7 1D AR
IWTETTEURIANYIA Y

q The DSS evaluation is done by picking up each decision module to test for any error

at the right place and

that may occur during the usage of the decision support system. This approach of
testing can be considered as white box testing which in this research consists of the

testing of input data correctness in each step of decision support system module.
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6.4.1 Testing of input data correctness

This testing is designed to test the correctness of input data including setup data,

input data and supporting data before entering into the data processing of decision

ake r istake in data entering or
to the mistakenly pinpoint
A of operation route in
al ulation of assigning the
but|on planning due to the

1 site to hospitals, supply

- j user may make mistake in data

keylng 0 -rg‘wr-- eason or month of any service-time

olution of operation route in

To prevermwe error in date

database including l.gdundancy data detectlon and notlflcatlon is designed into the

”“e”"ﬂ‘lJEJ’JVIEW]’ﬁWEﬂﬂ‘i

Error of retrieving neceésary data

ARTANAIHH WA REA

capacity of each type of medical staffs of hospital is retrieved from

=
pmeLEiEE xaminati before being stored in

the database that stores the data of volunteer local medical staffs
available to work on the month of operation schedule at each

hospital. If the data retrieving of the program mistakenly retrieves



169

this information from the database which can be occurred when
the information is retrieved and updated elsewhere not through the
program module, it will lead to the fatal error in assigning

without the correct information of medical

olc t| ‘sites. Therefore, if there
he forecasting system of the
\g | ‘;"s‘.q ation of some operation

1 of supporting hospitals.

To prevent the st us of retrieved data that

are retrieved and ac model of the developed
decision support syste eVeL 7 — i ) status may not help improve the
correction of data in the case -—---- char vithout passing any of the program

module; therefose, the changing data are not st ain database.

The E‘r': oig designed to help
support decision n king [ € es distribution planning for mobile

medical service. The decision support system can be used to plan the distribution of

;::::fﬁuﬂﬁ m.zr:m%fm i [ i

In each operation date, t?ere is only one ogatlon site.

3 RSSO TUINI NN

decision model
- In each operation date of one-day trip, user can only select one distribtuion

method
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To input distance data, the Google Map application is available to find the

exact solution between any two places

AUEINENTNEINT

AR TUNNINGAY



CHAPTER VI

CONCLUSION AND RECOMMENDATIONS

This research aims to develop the decision support system to help planning

redical staffs and supplies to operation

sites. The scope of the. re ' :ecision models for round trip
distribution and one-d: : ion undersm Qgeration of mobile medical

service and necessa

officers to efficiently plan the di

ce before planning. The planning

process is static plannin sarly nobile medice al.sen |ce
7.1 Conclusion of th

To concludg sedfc (. lopics are classifled to described the entire work

of the research that arg

Dgfioy trr*-z»-

Structu 6.0fdec

7.1.1 Ope

From the . B rﬁ applied to be in the

1 K
decision model of<round trip distribution planning to decid e operation route and
required medical stafs imeach medical teami@feach service-time period. The objective

e Y R AP e e

reductlo transportatlon cost during the delivery. Since each medical staffs are

oL areRprrip et é‘ I

ost distinctive measurement to plan the appropriate operation route.
Assignment model is used to formulate the problem in assigning supporting
hospitals to support medical staffs and supplies to schedule operation sites. The

objective is to minimize the total distance travel from all supporting hospitals to all
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operation sites. By the approach, it can lessen the difficulties in selecting auxiliary
hospitals of medical staffs to operate at the operation site.
To find the solution of decision model, there are many approaches such as exact

algorithms and heuristic, this research also applies the most adopted Heuristic applied

in real-practice cases of many compe ing algorithm, since it gives solution

with acceptable quality in reasol ’ ‘ e. Moreover, by using the

approach, the decisio -x-m?-m.-; stergcan Mprehensive and easier in
developing the pro ‘ |

roposed in this research

wasted. From the olbservation, there .a

planning and i

distribution methods.pr& organization furng to reduce distances from supporting

hospltaﬁ urﬂv 53 w ﬂm ﬁ ﬂ ﬁwe research for
plannersii:an choose proper distribution method appropriate to geographical

characteristic and prioritized measugment
A RN TN ANy Y
The developed decision model in round-trip planning includes the preliminary
routing and improvement of preliminary routing for round trip distribution planning. In
one-day trip, the decision model to help assign supporting hospital is proposed. The

preliminary routing follows the searching procedure:
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® (Create initial route of all requested operation sites

® Merging routes the same specific requirement in service-time period

together into an operation route of that time period

® Merging other operati

until the number of operatio uals to the numbers of available
working dayof the ser ti é ‘

The improveme es the 2=optralgerithm to improve within route

into operation route of service-time period

operation sequen

operation sites wiik eg0Ute’ un: | %‘\
positive gain values The il ‘_ te-: ro \ elp gre atly in lessen the total

:.: 1 3 ! it e
in, ?\;N\% nodel is applied to formulate

revert the sequence of

attern that leads to the

i

distance from the‘re iminagy 1 g Usi

ing
.i 0
N

the problem. The sear “hing sg | tionﬁfﬂ e can Anl;-_‘ ivided into four phase of which
screening Criterio for ntic als/ i rent earohing procedure of the
decision model is: ..Mff:

# S
® Screening and € reatir g'the1is ntial hospital

® |neach tlme eﬁ)&,

hxmn

e of combination in the same set of

' pofe Jtion site; assignment

fo} blem is applied to find ig linear programming

apﬂao U |on.m every sub problems of
ombination. '

ft . ution methods’
ﬂ ﬂﬂ ﬁ%ﬁﬁ [ ﬁgjtirﬁ %elect the most

appropriate d|str|but?n method from the|r prioritized measurement

ARIAN IR NN

® Retrieving necessary information for calculation
® Data processing and calculation of decision model

® Reports
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The necessary information for calculation:
® Service-time period

® Detail of each province

2 period (Optional)

The data are retrieved from the

main database throu ano ne system via Graphic User
Interface (GUI). Sig "’L to match with the current

planning process of less additional modules in

planning operations. Degli ‘ti_;;c.'qfq', ' edures are hidden from users and
only display the result of ope -1 : trip distribution planning and the

result of supporting ho s in one day thip'c ning

7.1.5 Sy
The system evaluation and testing is classified inm3 testing method; the
correctness of the f\(ﬂ the efficiency af decision model and user satisfaction
=@ YYINBNINYTINT
Tﬂg correctness testing aims'to test the validﬂbn of input data aswll as work
IR UAIIININE
qolution 0 cision model. The testing result shows that there "may be some error
occurring during the data and information retrieving from the database of the decision

support system. Therefore, the developed system includes the status of input data

especially the status of each requisition operation site in order that the same data would
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not be retrieved twice as the input of decision model. Moreover, in the setup data
process, the decision support system develops notification when users are going to

make mistakes in data entering such as redundant data entering.

The robustness of decision d by generic test cases which is the
real data from mobile dentistry oper a ent conditions and patterns which
may occur during the reg N0 ound trip planning and one-

e de moﬂe has the capability of finding

table computing time.

day trip planning. The

feasible solution for all

The efficien ’ ( solution of the decision
model with the cUrre #approal : oy n due to the fact that the
. ‘ arches; the optimized
solution cannot be fg , g8 iy. ! .deci f A o trip planning to generate
operation route of eh £ -time, d.can fin : ution better than the current
e 7 - | distance only when the

Jte improvement heuristics, This

indicates that the |mprovemen
o ".H“"r" |I"']

f prelin
AT .-", Lrd
routing in geneﬂa round trlp dlsfﬁ’

t’“or?ﬁg)fg £

same approach as

that of the roundm distri

from Ratchaburi provmoe s mobile medical serwce plan since it is the only province with

lei‘iH A4 1138wk (Lo

with the posed decision model. ihe result showsgt the proposed de@on model

many hospitals to operate at the operation sites as well as the solution from the

ta an(ﬁvformation are received

transportation problem approach. The proposed decision model leads to less total

distance due to the fact that medical staffs are mostly from the same hospitals with the
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capacity to support all requirement of operation site in 1-1 relationship. Moreover,
transportation approach leads to higher computing time due to the fact that at each
operation site, there are four types of medical staffs required to do the task so the

variables to generate linear programmi model increases drastically when the numbers

tion site.

of hospitals increase as well as tr \\‘ rs }

The user satisfe nn..___-' ation is

evaluate that the decision

support system. From the alistical a Iysis' uestionnaires distributed to the

experiment sample, futurgusers Qi e d de ion suppor’[ system are satisfied
Sl a

with the concept of the develope d sy tem has high possibility

in implementing into the oln:
7.2 Limitation of the developed

The developed d :is' r 3 an e ‘ectively and efficiently find the

acceptable quality of /sol nﬁﬂ?_‘uﬁg igls ) ion planning and one-day trip

s....f-...fl ion that
e |

® |n each operation @ata, there & one operation site.
P i .l'l *- q-" P
_'rﬂ"__

distribution planning unde

Lt

The degis the solution when this assumpiion is true; however,

in real praotio S l e operation date in
the same provincmThose g closely to on%nother; as a result, the

distance from one uni to another is not S|gn|f|Cant to change the solution of operation

w A WY $) 13Xk (N1 M
197 aiNvaeia i) (8151

To assign supporting hospital to operation site, this assumption must be true. If
one medical staff can operate in many times during the planning focused month, the

decision model cannot return the efficient solution since in the developed model, if
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hospital is assigned to support the operation site, the capacity of medical staff of that
hospital reduces until all medical staffs are used up which means that the hospital have
no capacity to support medical staffs to any operation site. However, is the assumption

is not true, once hospital is assigned to support the operation sites, in the developed

medical staffs. As a “the i e hospital have to operate in

many operation siteseac Nigh wi ad of ical staffs. Therefore, the decision

supplies are readily waiting _:- Insport o oeration sites at supply warehouse.
Therefore, the quantity of meelyaﬁ the warehouse is not included in the

decision mode ing the capacity of supply

warehouse is i cluded, the decision model can 'ibIe solution in this
situation since t -"- 2 ng 40 significant changes in

assigning supporting hospital strategy such as the requisition period and order

quantities of medica‘smlies in order that thefsupplies can be distributed in time of

@R INBNINYINT

0 There are unlimited niimber of vehloleﬁtranspor’[atlon

ammmmw@eﬁmmm .S

nI|m|ted since in real practice, the studied organization can find adequate numbers of
vehicles to transported medical staffs to operation sites. Therefore, the studied
organization is not burdened with the fixed cost of hiring vehicles to use in operation;

only the numbers of vehicles is required for the planning stage. Therefore, the decision
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model is assumed that there are unlimited numbers of vehicles in transportation.
However, if the number of vehicles is limited in round trip distribution planning, it may

affect the decisions in operation route concerning the numbers of medical staffs in

medical team during each trip since the r??e limited vehicles to transport medical staffs

ion sites; , [0 :‘z; //e h medical team cannot exceed the
total capacity of available vehicles.

® The mobile medical i a normal distribution to cure

In this rese e mobile-n cal se al operation is studied
excluding the mobile igal j ‘ u epid m|o and natural disasters.
peration is different in

planning process a ) , v '" ,', f ul b 11 edical service in natural
: be adapted to use in those

ting the solution strategy of the decision

\

model.

7.3 Recommendations

The deve ed-dect Ision support syste! ésearched to improve

Ny ‘k
the medical staffs-ar Specially in the concepts of

decision model due to the fact that, at this stage, decision-model can only find the

acceptable quality ofsﬂon in both round triprdistribution and one-day trip planning.

Furtherﬂe%eﬂn’uae%eﬂaWﬁpcht}ﬁ%ﬂ ﬁ decision model

to be at@ to find the optimized solution in operation route planning or assigning

AT

® |n operation route planning, only distance is used as the measurement in
the strategy of decision model of applying saving algorithm to find the

solution of operation route of each service-time period. Due to the fact
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that the efficiency of saving algorithm decreases when the problem size
is bigger. Other searching algorithm can be applied instead of saving
algorithm such as Meta-Heuristics searching methods such as Tabu

search, Genetic Al r'

r Ant Colony Optimization or even using

ratlon plan. Demands of
e de ermmlstlc and known in
19 to better quality of
nent of decision support
an be in a form of stochastic
7 staff demand at specific
should be in dynamic

sed continually as the planning

tal distance as the

'.——'—'-'—--"'-'—"------'—-—::? Srtati ‘i plicate the problem

ol
etion can be applied in order that the sol

can tf‘lm‘leot the reductionthé transportation cost of mobile medical

ALBINENINEING

0 In assigning supporﬁg hospital to support medical staffsitoroperation

ARSI AN IR B

staffs from a supporting hospital to operation site instead of using the

t, total transport cost

fu n from decision model

supporting strategy of the assignment model approach in this research;
however, the numbers of variable may be boundless according to the

numbers of hospitals in the province, numbers of scheduled operation
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sites and type of medical staffs. Therefore, there is an opportunities for
further research to use the transportation approach in finding solution of
assigning supporting hospitals to operation sites by using heuristics to

cut off some combinations of variables using transportation approach

lnary routing in this research
or preliminary solution since
give a satisfactory quality of operation

an be applied to improve

f ﬂ\ better solution or even

al staffs and supplies
to opgfatiof'sites is urder i e a nptic ) t Jtin a month medical staffs
£ e \ ' erfore, to further research

i Y ther iﬂ aints such as some medical
staffs ca :.;._- gl l — [ si 'in a month. This complicates

ing the solution.

In the.information system structure of the devel I=1 ion support system,

] ]
these are I’eCO»_ 7 L of.ihe system.

| o
° Thgdistribution method is restricted to a sin@e pattern in distributing

‘ medlcﬁlﬂbﬁ‘s and supplies from its auxn|ary hospitals to operation site.
f lenkdoH SV WL © oo

medical staffs from h&spnals in one operatlon date.

A WA UAFAN B o

r medlcal staffs and supplies distribution planning which may lead to higher efficiency
of the DSS to help planners to efficiently plan the distribution of medical staffs and
supplies. By having the DSS which can efficiently and smartly plan the distribution

planning can reduce risks of depending solely on the experience of planners that is
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individually varied depending on planner's knowledge of province geographical

characteristics and working history.

AULININTNEINS
AR TUUMINYAE
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Appendix A: Involving agents interview

\\\

\“ mobile 1 edical service planning process in the stage of

Table A- 1: List of Interview Details with Local Public Heal

Local Public Health Officers had been intervi

\ operation sites are distance from operation site to

e summary of interview detail by each response
from local public health office.

Auxiliary Source Detail

Interviewee l j

Local Public Health (Lom Sak) Kason Katmanee

Types of medical services provided at
Phetchabun Province

(s s 1) Lom Sak including responsibilities of
- - local public health office in mobile
medical service

:——F, acteristics on transportation of

..I,.. dical staffs and supplies to support

|
service operation at operation site

ﬂuEl’J'VIEWI‘ﬁWEﬂﬂ‘i
Qmmnmumawmaﬂ
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Table A- 2: List of Interview Details with Provincial Publi i - ——

\\\\- medical service planning process in the stage of

Provincial Public Health Officers had been intervj
supporting hospital selection, medical supplies preparation, nedical staffs and supplies distribution. Criteria that
planners need to consider before making decisions on choosi Eup’ ing ,_ ‘ tals to s ort medical staffs to operation sites are distance
from supporting hospitals to operation site, number: iintgerfmedical ffs ‘ eact Ditals and medical staff available time for operation.

Table A-2 presents the summary of interview detail by ea \ Ith office.

Auxiliary Source Interviewee Detail

Provincial Public Health | Doctor Kimhan Yongratanaki Characteristics on transportation of medical staffs
Khon Kean Province . ' .- ‘ anc | upplies to support service operation at

“ operation site

oply warehouse management: replenishment
._—________ vhership of medical supplies

on ansportation of medical staffs and

Provincial Public Health | Chernchit Peukhom

Ratchaburi Province (o} sup% service operation at operation site

Provincial Public Health | Doctor Nathapong Chalsm

. AU ¢ H NPT
’QW’W@\‘lﬂiﬂJ UANAINYAY

22 March 2552 Characterlstlcs on transportation of medical staffs and

061
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cess wal Volunteer Foundation

Table A- 3: List of Interview Details with Central Plann?
Central planning officers of the foundation had bee erviewed in the mobile medical service planning process in the

on and supplies preparation and distribution. In the

stage of operation routing, selecting operation sites fromreg

interviews, two service operations’ distribution pla g prece ; \\ o dile oculist are examined in order that the criteria
that planners need to consider before making decisigns on op | \o\ hended. As a result, it leads to the design of DSS which
complies with the previous planning process of the foundation ¢ S o] ble. T: A-3 presents the summary of interview detail by each

response from planning officers of central office.

Auxiliary Source Interviewee Detail
Planning Officer Uma March 2009 Sep ---'-- = anni r process of mobile medical service in normal
Chantasiri Jile medical service and mobile ophthalmologist.
Planning Officer Viseth Intan March 2009 H‘.-.?_-::_:L;_:-;.-'-\-is‘- g process of mobile medical service in mobile

| dentistry servic :J_ uding
" Istraints in operations
rans%ation nature of the mobile dentistry

service

AU ¢ 3y H NFNEErg e

T|me table of plannlwrocess

’QW’W&NﬂiﬂJ I NEa e

L6l



Table A- 4: List of Interview Details with Central Plannin

I Volunteer Foundation

Auxiliary Source

Planning Officer

TN
Interviewee I Aﬂ, @ ;\\\\‘\ Detai

Transportation of medical staffs
\ Volunteer medical staffs registration

Planning Officer

Narong Popriroth "’ €h 2 l ) mg process of mobile medical service in
‘ : | e 3 ntistry service

Ratanayomngamdee ‘ bbile dentistry service including

- Realistic constraints in operations

Transportation nature of the mobile

di 'stry service

A

~Preparation of medical staffs and
}

~supplies for distribution

- Vehicle used in transportation

TUIINETING
QW\Mﬂ‘ﬁUNWTN}ﬂ’]ﬁH

, ) . - -
Perdtipong ‘ j" " anning process of mobile medical service in

192

6l



ﬂUEﬂ’JVIEWI?W BN
QW‘Tﬁ\iﬂ‘imﬂJﬁﬁ’mmﬁﬂ



194

Appendix B: Testing data
B-1 Service time period of Chiangmai Province

Table B-1 shows the service-time period of mobile dentistry service of

Chiangmai Province in fiscal year 2008; there are 9 service-time periods.

Table B- 1: Service-time period ‘

S i
ﬁ'?'/é\ i\\\\k 5
Py T NN

77/ n-m\m\\\ 5
B\,
.,k;- ‘ \ 5

,4.--_-_4 s
B-2 Generic test case for round ip

There are 5 ger nputational experiment to test

the efficiency" ._,:;:ﬁ::m'.—ﬁ'._ﬁ‘z IS the robustness %f
L r i X . N
decision mode -DOSS ut-data’ situation. Each test

- , 7

case has different patterns of spe equirement in service-time period. These are 5

generic test cases fq'tang decision model&round trip planning. The distance data

T R e R

service.

QWWINﬂ‘iEU UNIINYIAY
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Table B- 2: Test case 1

Test case 1 represents the situation that in th 1ode has '
real situation of mobile dentistry service plan of Chi i e jn t A;nﬁ\.'v"r-\\\‘u.

decision model compared to the current organization

quirement in service-time period. This test case is the

is test case is designed to test the efficiency of

O1 5
02 Meung Kut 5
03 Huai fuk Dap 5
04 Kae Noi Suksa 5
05 Chalermprakriet 5 5
06 Sam Meun 5 5
o7 Num Ru 5 5
08 Hua Mae Moeng 5 5
09 Doi Sam M?‘u 5
010 Huai Pra Jat F=»mn__ 5
(OXN| Mae Sa Top ' 5
012 Mae Jum Sam 'l 5
013 Ohm Lan 77248 U 5
014 Ngan Luang ." o 77 UUMIUNAN Qs 5 5
TRt S
016 B e IS I d 5
017 Ou Imee Lang T@Iﬁﬂmq 5 5

S61

’QW?@\‘iﬂiﬂJ URIINYA Y



018 Pa deng 5
019 Tee Lee Per Kee "'m 5
020 Long Pae m [\\:\\\:‘“‘ 5
021 Tung Ting Jﬂ‘"/l 1 AREONS, 5
022 Mae Ang ang g 1 e ﬁ l\\Mk 5
023 Mae Lai Duaung Jan MI N . \ \“\ 5
024 vaeposon g SR ﬂ‘"‘ p WA\NN 5
. T
o Joms # Zf fobn CA AN |
oo R NN T
027 Sob Lan ' )2 “\\ 5
028 Huai Kai Pa ‘ faerliny 5
029 Lu Ku Do N 5
030 Huai Ka Noon 5
031 Pa Ka She 5
032 Ma Ou Jo 5
033 Tung Ton Kyou | 5
034 LeTor V:‘; 5
035 Huai Nam Kun ,“ 5
036 Khon Muang v YAUUN 5
037 Huai Nam Rin Pty 5 5
‘o Qs
038 P0ng : i : | 7% 5
[l [ ¢ 10
040 Huam Kak fuaeiluan 5 5
041 ﬁ’ﬂuﬁ’%‘qﬂu(l,uimq’m) 5 5 ﬂ.lr

Huia Muang Nai

THH]

’EJ'
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961
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Table B- 3: Test case 2

Test case 2 represents the situation that there aress

medical service operate during the service-time period e

decision model can find the feasible solution and

198

number of requested operation sites to have mobile
) days. This test case is designed to test whether the

ot be arranged as required service-time period.

Operation site_id Name(Eng) Nurse service-time_id
o1 Ban Tung Yuo 5 1
02 Meung Kut 5 2
03 Huai fuk Dap 5 3
04 Kae Noi Suksa 5
05 Chalermprakriet 5
06 Sam Meun 5
o7 Num Ru 5
08 Hua Mae Moeng 5 1
09 Doi Sam Me . -.r 5
010 Huai Pra Jao F MIBINTELR” 5
o1 Mae Sa Top = 5
012 Mae Jum Sam LA ENARE > 5 6
013 Ohm Lan 77.948U 5 | 5
014 79 LNMNUNAN 5 3
015 - 5 3
o16 5
017 Ou Lo Kee Lang Ia‘iaﬂmf 5

ARIANNITN IMMINITAY
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018 Pa deng 5
019 Tee Lee Per Kee m ‘ 5
020 Long Pae m [ﬂ\\hx 5
021 Tung Ting ,..uﬁ"/ll L RN, 5
022 Mae Ang Kang ld’fiﬁ: l\\\&\\ 5
023 Mae Lai Duaung Jan llf : \ \m\ 5
024 vacposon g 7| B M‘-‘ p W\ W 5
T
025 Doi Luang l ﬁ o r \“‘ \ 5
026 Lang Pa Ka 5
027 Sob Lan H’«‘ 5
028 Huai Kai Pa ‘ el lria] 5
s

029 Lu Ku Do ANA 5
030 Huai Ka Noon 5
031 Pa Ka She 5
032 Ma Ou Jo 5
033 Tung Ton ,_.“:‘_ NAUNA 5
034 Le Tor g 5
035 Huai Nam Kun ~ 5
036 Khon Muang YAUNIN 5 5
037 Huai Nam Rin : e 5 5
038 HuaisRon Jiatlem o

039 H go 5
040 Huai“Kak fuiaeliuan 5
041 Huia Muang Nai mumﬂﬁﬂu (11919) 5 Qi

Y WIANT ﬁﬂmﬂﬁl’]ﬁﬁl
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Table B- 4: Test case 3

Test case 3 represents the situation that there ar

Operation site_id Name(Eng) Nurse service-time_id
01 Ban Tung Yuo lﬁi g : \ \ u\\ 5 1
CRR TN Save: AN NN z
03 Huai fuk D .l‘ \“ “ 5

wwon
04 Kae Noi Suksa 7 L A 5
05 Chalermprakriet 5
06 Sam Meun 5 5
o7 Num Ru 5 5
08 Hua Mae Moeng 5 5
09 Doi Sam Meurn 5 5
010 Huai Pra Jao 5 1
o1 Mae Sa Top T ™ et 5
ae Sa Top = I
012 Mae Jum Safffdl - 5
013 Ohm Lan “ 5
= ;
014 Ngan Luang 77.LHMNIUNAN 5
015 Ban Pui '. F = ‘1_|’1qu_| 5 5
= _ 3
*-&MEHHTM 5
017 keeld i 5
&
018 Pa d& A0 mu, 5 1

’QW%]\‘iﬂiﬂJ umawma 1
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019 Tee Lee Per Kee 5
020 Long Pae m | 5
021 Tung Ting -‘mlﬂ\\hx 5
022 Mae Ang Kang ,.-jﬁ ¥ RN, 5
023 vae Lai Duaung ol gl ﬂ BTN 5
ey RGN\ N s 5
025 cotiang ¢ g S NN S 5
T

o Jumrea # Z foiin (A AN |
027 Sob Lan 5
028 Huai Kai Pa ‘n i ) “\\:\ 5
029 Lu Ku Do ‘ ANa 5 5
030 Huai Ka Noon foudtl 5 5
031 Pa Ka She o 5 5
032 Ma Ou Jo 5 5
033 Tung Ton Kyo 5 5
034 LeTor .« Er 5 - 5
035 Huai Nam K "Vj.‘ ] 5
036 Khon Muang 5
037 Huai Nam Rin He1TU 5
038 Huai Pong : i 5
039 Huai yiae ‘

040 Huai Pa K 5
041 Huia“ang Nai Tuinedae i (Liuang) 5
042 Pang Poi hatles 5 Qi

Y WIANT ﬁﬂmﬂﬁl’]ﬁﬁl
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043

Pong Juk Mai

044

Viang Na Pa

Table B- 5: Test case 4

Test case 4 represents the situation that eve

mobile medical service operate during that service-time

Operation site_id Name(Eng) 4 _l F ‘{ 2 Nurse service-time_id
o1 Ban Tung Yuo ’ 1 5 1
02 Meung Kut 5 -
03 Huai fuk Dap 5 -
04 Kae Noi Suksa 5 5 -
05 Chalermprakriet 5 5 -
06 Sam Meun 5 2
o7 Num Ru 5 -
08 Hua Mae Moeng 5 -
09 Doi Sam '-iur 5 -
010 Huai Pra Jao " 5 -
o1 Mae Sa Top 5 3
012 Mae Jum Sam ualduanu 5 -
013 Ohm Lan f A | 72N 5 5 -
014 7 | 5 -
015 \ 5 -
016 Ban ﬂ!; Long Tai muu,m?‘l,m 5 4

ARIANNITN umawma 1
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o17 Ou Lo Kee Lang 5
018 Pa deng 5
019 Tee Lee Per Kee 5
020 Long Pae AeNL /l “\ 5
021 Tung Ting NGNS ‘ 5
022 Mae Ang Kang LL3 s 4 | 5
023 Mao Lai Duzung syl | g p IO W °
=
024 Mae Pok Bon M w "' 5
025 Doi Luang ; w 5
026 Lang Pa Ka M 5
027 Sob Lan 5
028 Huai Kai Pa 5 5
029 Lu Ku Do 5 5
030 Huai Ka Noon 5 5
031 Pa Ka She 5 5
032 Ma Ou Jo L.r __—_:' 5
_— _
033 Tung Ton Ky ‘ﬂy - pX 5
034 Le Tor s 5
035 Huai Nam Kun e E ] 5
036 Khon Muang ﬁ YAUUN 5 5
037 Huai in MAETEN ¥, A
r - F - L “m |

038 o g Pl VL d VLD °
039 Huai“o el 5
040 Huai Pa Kak mumﬂ‘mn 5 @

Y WIANT ﬁﬂmﬂﬁl’]ﬁﬁl
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0o41 Huia Muang Nai 5 -

042 Pang Poi 5 -

043 Pong Juk Mai ; 5 5 -

044 Viang Na Pa 2 5 1
Table B- 6: Test case 5 ==

Y
Test case 5 represents the situation that re dre imixture. e iod having no operation sites with the specific
requirement to have mobile medical service operate d t r'-'ﬁce— v 0 ervice-time period having number of operation sites
with the specific requirement does not exceed the ab ing '- e-time period and some service-time period having number
of operation sites with the specific requirement exceed a atf ftho e-time period.
Operation site_id Name(Eng) ‘ Doctors Nurse service-time_id

o1 Ban Tung Yuo it 5 5 1

02 Meung Kut 1 s i 5 5 1

03 Huai fuk Da ‘ 5 5 1

04 Kae Noi Su I 5 1

05 Chalermprakri 5 1

06 Sam Meun B 5 1

o7 Num Ru g 'm 5 -

08 Hua Mae Moeng Prusiqusiiilas 5 5 -

09 Doi url Il HT"B 3 ‘vlﬁl u -

010 Huai | rqlw A ﬂﬁﬂﬁﬂ: 5 3

011 Mae qTop mu‘a:ﬁ@u 5 3

012 Mae Jum Sam usiqua 5 @ 3

_jn
9
Bk

t

ﬁ.m \

a Mt



013 Ohm Lan 5 3

014 Ngan Luang ',,p JAUNAI : 5 3

015 Ban Pui f‘m [%\\‘hh"'-.. 5 3

R e )/ MO ;

or o g Al 4 NN ;

R LN T AN Dl ;

TRy & J) 7 SR N N ;
ee Lee Per Kee ‘ et \ \

o Jumaree # Zf iy TR ANNNT | ;

021 Tung Ting ' 5 -

022 Mae Ang Kang “\\\ 5 5

CRRITTCTY Y C0 T D

024 Mae Pok Bon wiEAr ‘ 5 -

025 Doi Luang hanane "-'"' 5 6

026 Lang Pa Ka 5

027 Sob Lan 5

028 Huai Kai Pa_ « 5

029 LuKuDo ° 5 -

030 Huai Ka Noon 5 7

031 Pa Ka She 5

032 Ma Ou Jo 5

033 Tu n Kyo

034 Le | 5 -

035 Huaiw Kun Postigu 5 8

036 Khon Muang gousine 5

Y WIANT ﬁﬂmﬂﬁl’]ﬁﬁl
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Operation site_id Name(Eng) Nurse service-time_id
037 Huai Nam Rin 5
038 Huai Pong 5
039 Huai E go 5 -
040 Huai Pa Kak 5 9
o41 Huia Muang Na 5 -
042 Pang Poi 5
043 Pong Juk Mai 5 -
044 Viang Na Pa 5 1

AUEINENTNYINS
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B-3 Solution of generic test case for round trip distribution planning

The solutions from all test cases are received from testing on Intel® Core™ 2

Duo CPU P9600@ 2.66 GHz 1.99 GB of RAM computer. The developed program to test

model in time used in Searching feasible’ sCluflo ble B-7 presents the current
solution from the fiscal.yeai- ice of Chiangmai Province
of the studied orge from decision model in

preliminary routing. oute through Table B-9.

>d operatio
i \ '“'“x.,“f \\
Test case 1 is the sef stingdata tht sed (o evaluate the efficiency of decision
model in finding be pproach of the studied
organization since ent in any service-time

period of having mobil ice-time duration.

ﬂUEJ’J‘VIEWIﬁWEJ’]ﬂi
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Table B- 7: Solution from fiscal year 2008 of mobile de lan (“st Ca“
Route1 o1 02 03 ] 05
Thurjedaz s7.dlaenin AR 1 £l A &35 Distance
67 16 10 - 274.84
Route2 06 o7 0
AR fiwing 1 Y 99.08¢) u 2141 Distance
109 17 8 17, 2, b n 5 274.36
Route3 oM 012 {5
sTuNazFay TEAL Y ANA LU Distance
113 3 4 ¥ . 113 298.49
Route4 016 017 18 » 020
tuusiaedls TalaAang AR KW o ABIUN Distance
175 51 82 58 ?T:-ﬂ 170 554.34
Route5 021 022 02 025
NN TERS N Distance
142 26 50 361.46
Route6 026 027
a1 Auau I Distance
172 12 40 201 504.32
Route7 031 032 :
WeNLLT ndnlela H q n ﬁ Distance
184 18 28 ‘ ‘ 456.54
Route8 035 ¢ oss g/ Distance

’Q‘W’Iﬁ\“lﬂﬁMNW

NYAE
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Paeningu 2BUNI
116 18 48 439.36
Route9 040 041
fiudiatlnan tinuiaedaglu Distance
171 19 33 396.17
3559.88
Table B- 8: Solution from preliminary routing of decision
Route1 05 o1
99.ATALAANNIZINEI TR ﬁﬂuvjq&az Distance
106 92 16 395
Route2 08 010 06
tiurausdilies WL s Distance
120 33 53 109 397
Route3 012 015 _—%%
uNgNAIN e Distance
116 82 75 533
Route4 016 o17 019
tuudaasls Talarang Distance
175 51 82 554.34
Route5 023 022
LUAEANAUNS VLRGN ARLINAN AN uaiflanwi Distance
160 50 96 99 f 93 140 638

210
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Route6 029 026
ang waazian ¢(ldal ___-., - ' Distance
234 103 94 685.1
Route7 032 031
ninlala WeneL Distance
204 18 92 583
Route8 036 038
AU FISIN Distance
157 89 65 589
Route9 040 043 Distance
fudiaaluan TiledanTud 1 ll’ y 3 .‘ \ Faasinalu
171 % 31 44 i S “\ 157 561.17
= < otal Distance 4935.61

d

i
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Table B- 9: Solution from improvement Heuristic of decisi st C ) —
Route1 02 o1 03 05
s7.dlaann Thurjedaz n i sz Distance
52 16 14 = \ 264
Route2 09 06 o7
33.ARLATNIL ATAENTEI aliiing tuiudiias 2130 Distance
76 14 17 8 3§ '\ 218
Route3 011 012 1®
sTuNazFay TEAL Y Kt < LN Distance
113 3 4 6 ,1‘,,5“" 113 299
Route4 018 020 19 1 017
ATA WLAS ARIUN aaule in Talamang Distance
162 19 19 15 e 209 475
Route5 022 021 02 025
g9 XN Distance
127 26 28 325
Route6b 028 029
Vaerlrith ana | vieayuy wigtlan Distance
107 41 39 1 12 _ 172 384
Route7 031 032 3 ”
Wenzia ndnlela N ISP A TalaAdng Distance
184 18 28 46 181 457.12

U

AN TUNNINGAY
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Table B- 10: Solution from improvement Heuristic of decisi

39 ATALDALH

Route1 nalad el Distance
or = ﬂry/g l\ “\ ey

Route? lalafans uiflanuu 9.4 l ‘ . \ Distance
lllﬁm L NN

Route3 LN a09 : l - s gl W | \ il Distance
llm T

Route4 PFUNTLIAN P LIIN 9 lag ’ - '\ Iundaasls Distance
010 038 04 ' ' ‘ ' 488.39

Route5 YAUNI wineilauan lazs Distance
036 040 O11 588.49

Route6 ﬁaﬂﬁﬂﬁu AN 79, UMUNAY 99,9081 Distance
035 021 013 399.5

Route7 Pl ualEnaing 1' 3 Distance
039 022 kur,, 492.24

Route8 AR LABZAR iy Distance
025 034 03 44128

Route9 77.untaeAns Tinuineaaglu ARILUN Distance
04 Oo41 519.91
4259.19

AN TUNNINGAY
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Table B- 11: Solution from improvement Heuristic of decisi

99.ATALRALA

Route1 Waenezidn Tiuyjeting Distance
010 o1 591.25

Route2 37.1dlesio Waeile Distance
02 038 380.11

Route3 R PRCTES LN ﬂ ‘ 'w V \ Distance
w | g u\\\w

Route4 ALANU wflanuu 191lag ’ :, :,.-,“J'f} \ ARG Distance
027 024 04 ' w (“.\‘\ 08 518.51

Route5 Lk uNg19219 TeinH ' . ‘ Distance
034 022 o7 461.02

Route6 99, UNIIUUATY Maaulen Waetuan 32.n8AAMY Distance
014 019 635.07

Route? VneniTiu Foedld Distance
037 039 475.99

Route8 Vaeningu NN Distance
035 021 O 384.98

Route9 99.unilesAne Tledenlusd 9 ndatain 93081 Distance
04 043 751.46
4580.89

AN TUNNINGAY
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Table B- 12: Solution from improvement Heuristic of decisi est

Route1 s7.flaenn muvjqé’qz 79.M88141 qelnith Distance
02 o1 0] 465.95

Route2 PTAAN N Huriusiiiies uiing e Distance
06 08 o7 -4, 03 \ 481.8

Route3 Talafana usazfiay EPY. (ot Vi i Distance
o17 o1 o1 o1 570.37

Route4 77.uNqNAN Viae 4 fau Distance
012 030 027 VI ot 7 574.43

Route5 T7.UNUUNAS uNanEANAUNT 74 U0 Distance
014 023 032 = ; 044 432.3

Route6 99.unvlesAne tune uflen 8 ndatain Distance
04 015 024‘, - 5 026 394.25

Route? TEVRRRE AN Wenzid Yaduiia - ALRANNTZIAYSR Distance
022 031 ] 478.31

Route8 ABIUN ABEINAN Distance
020 025 433.75

Route9 Mnanled Waetuan HRIN Distance
019 040 Oé1 03 _ 470.28
‘ bl Tot: a 4301.44

P

Y
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Table B- 13: Solution from improvement Heuristic of decisi est

Routet 37.A0HANNYEIY mu‘vjq&qz 9910847 RANNIZIAEIR Distance
09 o1 O 375.46

Route? PTAAMTEL udazsiay b 1 Distance
06 011 02 . \ 207 615.11

Route3 thudausdides AR FaadnATL 99. L5 Koty 3. UNAN Distance
08 03 01 -, 01 474.16

Route4 s5.untieeAnn Vinenszidn il AR Distance
04 010 015 WAL 7 474.84

Route5 RN AN T ) 4 HANAUNS Distance
044 020 016 i _ 023 453.26

Route6 Paeningu naulen Wiy wasthan Distance
035 019 030 e 026 479.89

Route? Haedld GAEN Wenzig - " 1ADZAD Distance
039 021 “ 489.67

Route8 el EGRRCEN Distance
028 022 447.68

Route9 an9) ABEINAY Iuan A Distance
029 025 O?O 0o41 038 449.13
' 4259.2

P
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B-4 Generic test case for one trip distribution planning
There are 6 generic test cases created as the computational experiment to test

the efficiency of decision model in assigning supporting hospital as well as the

demand at each site (ec : 4 e ity of every hospitals) and numbers
of operation sites in p 7 re 6 generic test cases for
testing decision me data are real distance of
real operation sites 2| service in Ratchaburi

province.

ﬂUEJ’JVIEWIﬁWEJ’Iﬂi
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Table B- 14: Test case 1 (One-day Trip Planning)

|

In this test case, there are 2 operation sites ope h|ch is the general case of normal mobile medical

service that has operation frequency of twice per month i Cal staffs’ capacity of each hospital is the real data

from The Ministry of Public Health Survey 2007[22]+Howe , and at each site is randomly addressed. The total demand of
medical staffs exceeds the total medical staffs’ capaci q plt |n i '- \
m r ; mmm(Demand)
e = \ upiina WeLA g
'jvuﬁ(Date) Name Operaton site L\ (Asst. Dentist) (Nurse) (Phar)
12/12/2009 | Ban Lan Ka A Tra3turuaun b ol ‘ﬂ 18 52 15
16/12/2009 | Huai Pak B HeEn i 21 43 12
Total 39 95 27
ANEININTBILTINE] 11na(Capacity)
e
AL N WA BbGi
Hospital_ID Hospital 401 ." Asmentist) (Nurse) (Phar)
H1 Ratchaburi TrawenuNATIL - 8 8 20 2
H2 Ban Pong 10 5
H3 Dum Nern Sa Duk 5 4
H4 Potharam 8 7
H5 Jom Bung 3 10 3
H6 Bangpae TR INENLALUN ¢ 2 9 o| @S 1 2 N
o sV 1 dVID Il ’
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H7 Pak Tor Tanenunatinyia . 0 12 1
H8 Jed Sameurn Isnenunaldaaiiou . 1 6 1
H9 Wat P Taamenunadnings m}[-‘-— 1 3 1
atpeng N 2L NSNS
H10 Suan Pung Tranenunaaiuii JV/IB ‘\m\,\ 0 5 1
o Patu Rang S e i E RN T s !
il 7 7 PEECT AN o u| =
Table B- 15: Test case 2(One-day Trip Planning) e -'ﬂ; ‘
In this test case, there are 5 operation sites operating & s P' y month to test the assumption that decision model can still find the
solution when the problem size is bigger. The medical staffs’ capa each | ital i real data from The Ministry of Public Health Survey

2007[22]. However, the medical staffs’ demand at each sit otal demand of medical staffs exceeds the total medical

staffs’ capacity of every hospital in the province.

WENLNA W
5’1417‘;(Date) Operaton site (Nurse) (Phar)
12/12/2009 | A Ban Lan Ka 20 7
16/12/2009 | B Huai Pak 20 7
18/12/2009 | C Pu Ta Kien 20 7
20/12/2009 | D Pong Heng 20 7
22/12/2009 | E Ratchaburi Prison ! 20 7
Total ¢ 3 37 | @ 100 35 o
ARIAINTN 3l B



Table B- 16: Test Case 3(One-day trip Planning) y‘

-

a2

NeInuna(Capacity)

AL WA [SaliG

Hospital_ID Hospital amw?'; entist) (Nurse) (Phar)
H1 Ratchaburi JENERITRRERL T, 8 20 2
H2 Ban Pong Taanenuatinulile 9 10 5
H3 Dum Nern Sa Duk Taenenunaniiuges 8 5 4
H4 Potharam Taenenunalngnnu 9 8 7
H5 Jom Bung TramenunasaNile 1 10 3
H6 Bangpae T5amenLNaLNaUnN 0 " 2
H7 Pak Tor TaanenuaLinvia 0 12 1
Hs Jed Sameurn {aanenunaLdadiion 1 6 1
H9 Wat Peng TaenenunadaLngs 1 3 1
H10 Suan Pung Taemen1NaAIURS 0 5 1
H11 Pa Nu Rang Si TsanenUaANENINE 0 4 1
Total 37 94 28

221

In this test case, there are 9 operation sites Erating at the sa nla g month to tes%s assumption that decision model can still find the

solution when the problem size is bigger. The medma*ustaffs capacity of eaclwspltal is the real data from The Ministry of Public Health Survey
2007[22]. However, the medical staffs’ d medical staffs exceeds the total medical
staffs’ capacity of every hospital in the prﬂ:uﬂ ﬁﬁﬂﬂiﬂHQﬂj year 2008 plan of mobile medical service
of Ratchaburi Province accumulated to operate in one month.

’QW’W&NﬂiﬂJ URIINYIAY
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191)AaINT(Demand)
) il FunfLNg WA nd
'Tu‘?‘i Operaton site AD1UN ctor) I sst. Dentist) (Nurse) (Phar)

12/12/2009 | A | BanlanKa TsaBeuinuan 3 4 15 4

16/12/2009 | B Huai Pak HENIN g 2 15 3

18/12/2009 | C | Pu TaKien TseFauthunmnziae 5 5 10 4

20/12/2009 | D | Pong Heng Tulileuiis . ': 3 7 2

22/12/2009 | E | Ratchaburi Prison FOUIMNANIT : 4 7 2

24/12/2009 | G Wat Ra Kung Tong Tageaanes 6 12 4

26/12/2008 | H | Ban Tri Ngam TraFeuiulngay 6 10 2

28/12/2009 | | Rotari Pu Num Ron Tea3eulsniwiaden F s 5 12 4

30/12/2009 | J Ban Ta Kor Lang TumzIinans 6 9 4

Total demand -3 41 41 97 29

Foois 4 12)
AT aslsaneuna(Capacity)

N NN N

Hospital_ID Hospital Al (Nurse) (Phar)
H1 Ratchaburi T3 aNELNANTY 8 20 2

H2 Ban Pong Taanenunatiulle 9 10

H3 Dum Nern Sa Duk Taanenunasfuasain 5 8 8 5 4
H4 Potharam Tamentnalnssn 6 F— 3 9 9 8 7
H5 Jom Bung Taanel ﬂ'«]wﬁ [q “‘ il EW 10 3
H6 Bangpae Taanel 83 e L ‘ l I I fu 1 2
H7 Pak Tor Taenenuiatniie 2 0 0 12 1

ARIAIN I U

TNY1AY
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H8 Jed Sameurn {ranenunaldaaiion 1 6 1
H9 Wat Peng TaanenLadnings -.m 1 3 1
H10 Suan Pung Tamenunagui W]M [\k\\\""'ﬂﬁ.ﬁ_‘ 0 5 1
H11 Pa Nu Rang Si Tsanenunaman1 s ‘(l/lal “\m\\ 0 4 1

Total F LS ;\\}\ﬁt\ 37 94 28

Table B- 17: Test case 4(One-day trip planning)

In this test case, there are 2 operation sites operat same ing mc ich is the general case of normal mobile medical
service that has operation frequency of twice per month inthe pera ite nedical staffs’ capacity of each hospital is the real data
from The Ministry of Public Health Survey 2007[22]. However, the m * i\ ich site is randomly addressed. The total demand of

medical staffs is less than the total medical staffs’ capacity .-‘Hr;.ja .

W&

i Operaton site (Phar)
12/12/2009 | A | TseFausuatuan Ban Lan Ka 3 3
16/12/2009 | B | Hazuin Huai Pak 2 3
Total 6

ﬂ‘UEl’WlEWl‘ﬁWEI']ﬂ‘i
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) ll
T ‘l\"i
"\-'H._ : % #

—
ANEININUD ﬂu’]a(Capacity)

T we WL wné

Hospital_ID Hospital mmw’?‘i Jfo‘ﬂl &h\\- ntist) (Nurse) (Phar)
H1 Ratchaburi Taanenunasas Jv/ I ‘I ‘\\m 8 20 2
H2 Ban Pong Taonenunatiulils J'Ilﬂﬁ ’\ \';h “\ - 9 10 5
H3 Dum Nern Sa Duk Tsanenunaniiuazaan lll L — .\ :‘m N \ 8 5 4
H4 Potharam Taanenunalngnsu "I ﬂﬁ” '\ l\\\\. 9 8 7
H5 Jom Bung Tranenunasenil " “\ l\\\\ 1 10 3
H6 Bangpae TR WENLNALNLN " 1 . ‘\ \\ 0 11 2
H7 Pak Tor Tanenunatnye ‘f ﬂ?j’: J‘\\\ 0 12 1
H8 Jed Sameurn Tsanenunaidniaiion . “',.u - \ 1 6 1
H9 Wat Peng TRneLNadaINGS A | 1 3 1
H10 Suan Pung TMNENLNAGIURS 0 5 1
H11 Pa Nu Rang Si TsanenunamennEei 0 4 1
Total [ _ ?7 94 28

e
Table B- 18: Test case 5(One-day trip planning) v— \'."‘
In this test case, there are 5 operation sites Brating at the sa pla g month to tes@a assumption that decision model can still find the

solution when the problem size is bigger. The medma*ustaffs capacity of eacrvspltal is the real data from The Ministry of Public Health Survey

2007[22]. However, the medical staffs’ d ﬂeﬂ ﬂs w(ﬂ %ﬁow HﬂTﬂi ﬁmedlcal staffs is less than the total medical
staffs’ capacity of every hospital in the pr
| ¢ o Y
AWIANNIUNRTIINE 1R E
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mmmni(Demand)
: % FupRUa WeLNa AT
Sui Operaton site ‘j ,‘ en \ Asst. Dentist) (Nurse) (Phar)
12/12/2009 | A | TeBeuuauan Ban Lan Ka I ﬂ l ﬂ ‘.‘m\\ 3 3 3
16/12/2009 | B Pagun Huai Pa ﬂ'jlm '\ \NL 3 2 3
18122009 | ¢ | TreBentunnziAe Pu Ta Kien l " I ﬂ Yl “ 3 3 3
; 1
20/12/2009 | D | tihultleudis Pong Her 2 3 2 2
22/12/2009 | E | GOUAINANITLT Ratchaburi Pri 3 3 3
Total \ 15 13 14
u\\\
W FINEUNA(Capacity)
FURNLE WELNG Wnda
Hospital_ID Hospital A0NuA (Asst. Dentist) (Nurse) (Phar)
H1 Ratchaburi INWEI'TLI’I@?’I‘J]‘H 8 20 2
H2 Ban Pong Traneunarialiles 9 10 5
H3 Dum Nern Sa Duk T3NELNAATL v—h S 8 5 4
H4 Potharam Tsamenunalngsna m 9 8 7
PR
H5 Jom Bung TamenLnaaeNty 1 10 3
H6 Bangpae T99NETLIALIUN ‘ - 2 u 0 0 1" 2
H7 Pak Tor ‘ ) 12 1
H8 Jed Sameurn 6 1
H9 Wat Peng ‘ENW?MLMMLWM 2 1 1 3 1

’QW’W&I\"IﬂiﬂJ URIINYIAY
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Z,
"ﬁ

on! the assumption that decision model can still find the

Table B- 19: Test case 6 (One-Day Trip Planning)

In this test case, there are 9 operation sites oper
solution when the problem size is bigger. The medical eal data from The Ministry of Public Health Survey
2007[22]. However, the medical staffs’ demand at demand of medical staffs is less than the total medical
staffs’ capacity of every hospital in the province. All niné opegrati i he real oper sites in fiscal year 2008 plan of mobile medical service

of Ratchaburi Province accumulated to operate in one

T
\. 1JAaNg(Demand)

NUANLIA WEILUIRN W&

'Tu‘ﬁl Operaton site mmuﬁ' (Asst. Dentist) (Nurse) (Phar)
12/12/2009 | A | TsaFeutiuauan Ban Lan Ka 3 3 3 3
16/12/2009 | B | ¥eman Huai Pak 3 2 3
18/12/2009 | C | TaaFeutiunmzifeu Pu Ta Kiefl 3 3 3
20/12/2009 | D tinultlaudis Pong | ‘ 3 2 2
22/12/2009 | E | Beusnansafs Ratchabuf Pri 3 3 3
24/12/2009 | G Fnseaianas Wat Ra Ku »l ong 3 2 2
26/12/2008 | H | TseFaudulnsaw Ban Tri Ngam 2 3 3 2 2
28/12/2009 | | TraBenlananinFeu Rotari Pu Num grﬂ 3| W s 3 3 3
30/12/2009 | J | thuseinana 5 % Kor b m 5 3 3
tal 23 24

lcc
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neNINaaslseneLa(Capacity)

\l "‘\\ TURNLNA WELNA \nden
Hospital_ID Hospital «\:h\ \ (Asst. Dentist) (Nurse) (Phar)
H1 Ratchaburi ‘Ewwmm ‘ﬂ / I ‘l “\\\Q“\\ 8 20 2
H2 Ban Pong Tranedtnatig l/f&‘r '\‘ 3 '\m\ 9 10 5
H3 Dum Nern Sa Duk Tronenugiougod 5 ‘\ \\\a\f"‘w_ | 8 5 4
H4 Potharam T3aneAta N l m ' \“ 9 8 7
H5 Jom Bung T39NELING ﬂ l 1 10 3
He Bangpae Tgamel 0 11 2
H7 Pak Tor 0 12 1
H8 Jed Sameurn TNWETLIALAALANDT ¥ 1 6 1
Ho Wat Peng TaneN1Na TR LAY % & 1 3 1
H10 Suan Pung TN LNAgIUNa 0 5 1
m =
H11 Pa Nu Rang Si T2 aNENLNAANENIFETE < 0 4 1
' 37 94 28

ﬂUEI’JVlEJWI‘ﬁWEI']ﬂ‘i
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B-5 Solution of generic test case for round trip distribution planning
The solutions from all test cases are received from testing on Intel® Core™ 2

Duo CPU P9600@ 2.66 GHz 1.99 GB of RAM computer. The developed program to test

travelled distance from pportin i e 6, the current plan of

\3\\\\‘”\&

of mobile dentist [ atchabtiri \\n [“the studied organization in

N\
while Table B-21 C @\\M\ Model approach in test case 4.
This designed experi ‘ ﬁj_' |C|e \\ 1}\\, on model in finding better
solution quality than ' ‘ ) ‘,rl'u fésthe 'd organization and other
approach in finding [ € Iatio

test case 5 and test case 6 is presente :,, j

supporting hospit dare the result from the

decision model. T. he fiscal year 2008 plan

assigning supporting stlng data of test case 6

asurements in test case 4,

ﬂ”ﬂ?ﬂﬂﬂﬁ“ﬂqﬂﬁ
AR ANNIUNNIINYIAY



Table B- 20: Mobile Medical Service Plan of Ratchaburi-P

iscal

aAr 20@3)

T
7/ AN,
Hospital Operation site j' I-P | _;-7 “ \ N\ \ distance
Ratchaburi Ban Lan Ka Ilrl ,i;‘ "r\\\\\\‘b 23
Wat Peng Ban Lan Ka | l‘ ﬁ “b\\\‘\‘ 12
Pa Nu Rang Si Ban Lan Ka o fory v '
Ratchaburi Huai Pak J ,'th :
Ban Pong Huai Pak
Potharam Pu Ta Kien
Pa Nu Rang Si Pu Ta Kien
Ban Pong Pu Ta Kien
Jom Bung Pong Heng
Suan Pung Pong Heng
Pa Nu Rang Si Pong Heng ¢ . "‘6
Ratchaburi Ratchaburi Prison 0 | i |2§
Ban Pong Ratchaburi Prison 0 0 0 58

R TATI TR

e/

TN Y
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Hospital Operation site Doctor
Potharam Ratchaburi Prison
Pak Tor Ratchaburi Prison
Wat Peng Ratchaburi Prison
Suan Pung Ratchaburi Prison
Pa Nu Rang Si Ratchaburi Prison
Bangpae Wat Ra Kung Tong 1

Dum Nern Sa Duk

Wat Ra Kung Tong

Potharam Wat Ra Kung Tong 1
Wat Peng Ban Tri Ngam 1
Dum Nern Sa Duk Ban Tri Ngam 1
Pak Tor Ban Tri Ngam 0
Potharam Rotari Pu Num Ron

Jed Sameurn

Rotari Pu Num Ron

ool Vol Q—

Z

N
BURNE

w

9
45
38
31
25
28
49
19

44

64

33

75

Bangpae Rotari Pu Num Ron 103
Ratchaburi Ban Ta Kor Lang 80
Suan Pung Ban Ta Kor Lang 34
Bangpae Ban Ta Kor Lang 1 " g 1 ” 1 103

e
MIAINTU NI INGINY
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Table B- 21: Transportation Model Approach in selecting:su ing hosp
A
q
zﬁmuﬁl T3aneNLNa 1N L | -
i Site Hospital (doctor) entist entl
12/12/2009 | Ban Lan Ka | Ratchaburi 0 b
12/12/2009 | Ban LanKa | Pak Tor N
12/12/2009 | Ban Lan Ka | Wat Peng 1 ;J 1
12/12/2009 | Huai Pak Ratchaburi o %
12/12/2009 | Huai Pak Jom Bung 0 1
12/12/2009 | Huai Pak Suan Pung

AULINENTNEINS
MIAINTU NI INGINY

=

(T

istance
23

1 2

13

0 69

2 48

23

178

232

cee



Table B- 22: Decision Model Approach in Test Case 1

7NN

4

Hospital Operation Site | Doctor Ist / P2 NP ) AT, - tance
Pak Tor Ban Lan Ka 2 AVI ﬂ’ gl\“\“hﬁ 1.5
E =] % A% |
Wat Peng Ban Lan Ka 2 Ilﬂ& “\\X\\E 12.8
Panurangsi Ban Lan Ka 2 I 0] ¥ "L\‘\ 1 23.6
by -
Dum nern sa duk | Ban Lan Ka 5 '4@ | 32.8
Potharam Ban Lan Ka 3 i é:ln_.,-l,; 7 44.4
Bangpae Ban Lan Ka 2 ..ﬂﬂj“ J.If? /] 0 62.7
e T

Ban Pong Ban Lan Ka 3 : 62.7
Suan Pung Huai Pak 2| 23.1
Jom Bung Huai Pak

Ratchaburi Huai Pak

Jed Sa Muern Huai Pak

Bangpae Huai Pak

[ 1
Ban Pong Huai Pak m 0 9 92.3

’&1 WIAaNT

SN

e/

8
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Table B- 23: Decision Model Approach in Test Case 2

t

hospital operation site doctor e ‘ .-': tance
Potharam Ban Lan Ka 3 - 44.4
Pak Tor Ban Lan Ka 2 - o 15
Wat Peng Ban Lan Ka 1 O : . 0 12.8
Jom Bung Huai Pak 3 n 47.9
Suan Pung Huai Pak 2 0 23.1
Ratchaburi Huai Pak 0 0 68.7
Panurangsi Huai Pak 70.5
Jed Sameurn Huai Pak 80.8
Wang Peng Huai Pak 0 1 85.2
Pak Tor Huai Pak 0 0 0 1 85.9
Bang Pae Huai Pak ¢ nb lﬁ., P @
Ban Pong Huai Pak 0 l I d7
Ban Pong Pu Ta Kien 69
)

WA

NI IANANE

€

d
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pporting v -
hospital operation site doctor i istance
Ratchaburi Pu Ta Kien 0 64.4
Potharam Pu Ta Kien 0 69.9
Wat Peng Pu Ta Kien m 3 77.8
Bang Pae Pu Ta Kien 0 4 76.8
Ratchaburi Pong Heng 5 f 60.6
Jom Bung Pong Heng 0 ,; 39.8
Suan Pung Pong Heng 0 0 == 15
Panurangsi Pong Heng 0 = 62.4
Dum Nern Sa Duk | Ratchaburi Prison 51.2
Jed Sameurn Ratchaburi Prison 28.8
Wat Peng Ratchaburi Prison 1 | 0 0 3 37.8
Bang Pae Ratchaburi Prison 2| @ -y 0 Q7 46.7

i

MIAINTU NI INGINY
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Table B- 24: Decision Model Approach in Test Case 3

nt
Hospital Operation Site Doct d t ‘ t.-r:. nce

Dum Nern Sa Duk | Ban Lan Ka ~ 32.8
Pak Tor Ban Lan Ka L #- 1.5
Wat Peng Ban Lan Ka : :_' 36.9
Ratchaburi Huai Pak i 2 13 68.7
Suan Pung Huai Pak J‘N..I}i 23.1
Pa Nu Rang Si Huai Pak J,iﬁd 71
Potharam Huai Pak 8.3
Ban Pong Pu Ta Kien 69
Potharam Pong Heng 80.2
Suan Pung Pong Heng

Pa Nu Rang Si Pong Heng

Ratchaburi Ratchaburi Prison

Pa Nu Rang Si Ratchaburi Prison

’QW?@\‘iﬂiﬂJ AN 6
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Hospital

Operation Site

.,-‘ g Value

Potharam

Wat Ra Kung Tong

Jed Sameurn

Wat Ra Kung Tong

Jﬂ’//
VI

Bangpae Wat Ra Kung Tong

Pak Tor Ban Tri Ngam

Wat Peng Ban Tri Ngam

Dum Nern Sa Duk | Ban Tri Ngam 0

Bangpae Ban Tri Ngam 0

Jom Bung Rotari PuNum Ron

Ratchaburi Rotari Pu Num Ron —_—_——-————

Jed Sameurn

Rotari Pu Num Ron

ll\\‘%k N
PR

—_

9.4

N

1.5

N

7.5

w

2.6
43.9

64

75.8

35.2

Ban Pong Rotari PuNum Ron
Bangpae Ban Ta Kor Lang 0| @JF 9 2 103
Ban Pong Ban Ta Kor Lang mm

Total

1356.3

’QW%]\‘iﬂiﬂJ UN1INYAY
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Table B- 25: Decision Model Approach in Test Case 4

hospital

Operation site | Doctor | Denti

Dum Nern Sa Duk

Ban Lan Ka 3

Ratchaburi

Huai Pak 2

Suan Pung

Huai Pak 0

)
AUEINENTNYINS
RN TUNIINGIAE
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Table B- 26: Decision Model Approach in Test Case 5

hospital Operation site
Dum Nern Sa Duk | Ban Lan Ka
Ratchaburi Huai Pak
Jom Bung Huai Pak
Ban Pong Pu Ta Kien
Ratchaburi Pong Heng
Potharam Ratchaburi Prison

ammnmumfmmaﬂ

ﬂ‘UEI’JVIWIﬁWEI']ﬂ’i
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Table B- 27: Decision Model Approach in Test Case 6

Hospital Operation site
Dum Nern Sa Duk | Ban Lan Ka
Suan Pung Huai Pak
Ban Pong Huai Pak
Ban Pong Pu Ta Kien
Ratchaburi Pong Heng
Wat Peng Pong Heng
Pa Nu Rang Si Pong Heng
Ratchaburi Ratchaburi Prison

Jed Sameurn

Ratchaburi Prison

Potharam Wat Ra Kung Tong

Dum Nern Sa Duk | Ban Tri Ngam

Pak Tor Ban Tri Ngam

Jom Bung Rotari Pu Num Ron 35.2

’QW?@\‘iﬂiﬂJ AN 2
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Potharam

Ban Ta Kor Lang

Pa Nu Rang Si

Ban Ta Kor Lang

AUEINENTNYINS
RN TUNIINGIAE
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Table B- 28: Calculation of distribution methods’ meas case
Hospital Operation site | Distance(km) icl
Dum Nern Sa Duk Ban Lan Ka 1 42
Supply Warehouse | Ban Lan Ka
Distance(km) 'QJ_{a
193.2 L e

Pick up Route Detail

Dum Ner

AULINENTNEINS
MIAINTU NI INGINY

Z

me(min)

193.2
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Table B- 29: Calculation of distribution methods’ measu

Hospital Operation site Distance(km)
Ratchaburi Huai Pak 2
Suan Pung Huai Pak
Supply Warehouse | Huai Pak

18

Meeting point

Distance(km)

Pickup Route Detail

Ratcha

MIAINTU NI INGINY

icl

ime(min)

uai Pak

AULINENTNEINS
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Table B- 30: Calculation of distribution methods’ measurements:i case’
Hospital Operation site | Distance(km) icl
Dum Nern Sa Duk Ban Larn Ka e
Supply Warehouse | Ban Larn Ka

Meeting point -

Distance(km) : !p';h_a ime(min)

Pickup Route Detail Dum N

AULINENTNEINS
MIAINTU NI INGINY
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Table B- 31: Calculation of distribution methods’ measureme

"L il \ NN
Distance( / f N '\\ \\

MII =30\

Hospital Operation site
Ratchaburi Huai Pak
Supply Warehouse | Huai Pak
Jom Bung Huai Pak

f L1 oAt AN

1 \ 076923
-'- 2t n hJ #

Meeting point

Pickup Route Detail

Ratchabur l

ﬂuEl’J'VIEWI‘ﬁWEﬂﬂ‘i
Qmmnmumawmaﬂ
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Table B- 32: Calculation of distribution methods’ measureme

Hospital Operation site

~ A7 AN
Distance( vllmir\\\\\\

Ban Pong Pu Te Kien

1L = NN\

Supply Warehouse | Pu Te Kien

FT &5 TN

Meeting point

Pickup Route Detail

i
W
Warehouse

Pu Te Kie

QW’]Mﬂ‘i‘m UNIINYA Y
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Table B- 33: Calculation of distribution methods’ measureme

/,///'n‘-H \ \\\
Hospital Operation site | Distanc l e \ \

Ratchaburi Pong Heng I‘"I b 9\%\\\\\

Supply Warehouse | Pong Heng ll% .‘\\\\

Meeting point

PgHg

Pickup Route Detail Warehouse

ﬂuEl’J'VIEWI‘ﬁWEﬂﬂ‘i
Qmmnmumawmaﬂ
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Table B- 34: Calculation of distribution methods’ meas

Hospital Operation site | Distance
Ratchaburi
Potharam prison
Ratchaburi
Supply Warehouse | prison
Meeting point

Pickup Route Detail

MIAINTU NI INGINY

rE

249

(¢4



Table B- 35: Calculation of distribution methods’ me

Hospital

Opera

—Z N
tion site Distance K l’fl(ﬂ ‘\\\"\\&ﬁ"x

Dum Nern Sa Duk

Ban Larn Ka /lﬁﬁ

Supply Warehous

Y
o Lo o lllﬂ" )\Q\\\\

eeting poin

4 P AN
| 22700

Pickup Route Detail

Duk

ﬂuEl’J'VIEWI‘ﬁWEﬂﬂ‘i
Qmmnmumawmaﬂ
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Table B- 36: Calculation of distribution methods’ mea

Hospital Operation site

////ﬁ \ A

Ban Pong Huai Pak

2 o R

Supply Warehouse | Huai Pak

Suan Pung Huai Pak

oo W22, U

Meeting point

"'"""iil —

ol i g\ e
1% TN

30769

3846154

f.‘ta-& BU

Pickup Route Detail

Warehouse

i
Ban Pong

Huai
Pak

AR AINIUNRINYINY
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Table B- 37: Calculation of dist

ribution methods’ measureme

Hospital Operation site | Distane ‘ ’f’tﬁ'\

Ban Pong Pu Te Kien

77/ — ﬁ\»}\\\\

Supply Warehouse | Pu Te Kien

f /1A NN

W2l
PR
L

Attt i i

Meeting point

Pickup Route Detail

ﬂuEl’J'VIEWI‘ﬁWEﬂﬂ‘i
Qmmnmumawmaﬂ
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Table B- 38: Calculation of distribution methods’ meas

//,‘7# \

S
Distance(k ‘f / l "?‘Eﬁ'\ \(\\R

/Y T

Hospital Operation site
Ratchaburi Pong Heng
Supply Warehouse | Pong Heng
Wat Peng Pong Heng
Pa Nu Rang Si Pong Heng

/g
JT@2% N

off 17| Sy

Meeting point

)""' ﬁrﬁ .eh.o S

| L e \rln' o
Distance(km) '

Pickup Route Detail

;“__
m Supply Pong
1y
Wat Peng Pa Nu Rang Si Ratchaburi Warehouse | Heng

ﬂ‘iJEl’WlEWl‘ﬁ‘WEI']ﬂ‘i

’QW?@\‘iﬂiﬂJ UNIINYIA
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Table B- 39: Calculation of distribution methods’ meas

\ix“x

Hospital

Operation site

Distance(k

LT \
f e

Ratchaburi
Jed Sa Meurn prison

Ratchaburi
Supply Warehouse | prison

Ratchaburi
Ratchaburi prison

~

Meeting point

254

4.93333333

&
-
-

ol

Distance(k ) No. of vehicle Time 4 n)
¢ B 78 | 9. 22593333333
Pickup Route Detail Je%a Meurn Ratohaburl Warehouse prlson

’QW%]\‘iﬂifiJlmeEﬂa d
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Table B- 40: Calculation of distribution methods’ meas

Distance(k

Hospital Operation site
Wat Ra Kang
Potharam Tong
Wat Ra Kang
Supply Warehouse | Tong

Y/ .ﬁ \ NN
TN

7/ 55 UN\N\E
L A\

Meeting point

Pickup Route Detail

MIAINTU NI INGINY
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Table B- 41: Calculation of distribution methods’ meas

Hospital

Operation site

Distance(

Dum Nern Sa Duk Ban Tri Ngam
Supply Warehouse | Ban Tri Ngam
Pak Tor Ban Tri Ngam

bs o
Il I AN

o 027200, W\

Meeting point

f.l'r "TW.I g

e
Distance(km) '

V7

Pickup Route Detail

Dum Nern ﬂDuk

Supply Warehouse

Ban Tri

Ngam

ﬂ‘iJEl'WlEWI‘ﬁWEI']ﬂ‘ﬁ
AR AINIUNAIINYIAY

256
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Table B- 42: Calculation of distribution methods’ meas

A/A’@ \ N
Hospital Operation site | Distance(k ll‘ 'ﬁ?"\ \‘&k

o EETUEAN
2 A\

Rotari Pu Num

Supply Warehouse | Ron

Meeting point

¢ F~ /s Rotari Pu

ﬂwmmm
MIAINTU NI INGINY

1G¢



Table B- 43: Calculation of distribution methods’ meas

Hospital Operation site | Distance(k
Ban Ta Kor
Jom Bung Lang
Ban Ta Kor
Supply Warehouse | Lang
Ban Ta Kor
Ratchaburi Lang

Meeting point

Distance(kmj

' L @ RN
LIk -%F‘\\“u M

- r Ll -
e S e e
Y vl

_,_.r H\\ W\ 666667

Time 4 n)

No. of vehicle

Pickup Route Detail

Ra“mburi

’tn 202

s 2 98.2

.Pply Warehouse Jom Bung Kor Lang

’QW%]\‘iﬂifiJlmeEﬂa d
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Appendix C: Seminar detail

C-1 Seminar details
SEMINAR DETAIL

SEMINAR TOPIC: SUPPORING SYST

OR MOBILE MEDICAL SERVICE

OBJECTIVE: To preseh niti nelusior 5 of hw‘ﬁgservice operation support

OPERATION

system in planning, operation and s nclud ggregation of comments,
opinions and recommenc fream'involving agen . le n ed|cal service to
conclude the researchs ing 1o flither deve entande -,~-; ication.

PRESENTATION

information System for operation management ¢ fmabile medical service
P — -

0 ning
: T';
| T .
c. Process in forecasting of medical staffs and supplies

4. Simulation of‘pﬂlon support systemifor mobile medical service

- BN ENINEING

a. Information System fa; mobile medlcal service

9 RIRATIRINANGAY

c. Logic in operation routing and medical staffs and supplies distribution

d. Process in forecasting medical staffs and supplies
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SEMINAR LOCATION AND SCHEDULE:
Friday 16" October 2009 from 8:30 a.m. — 12:00 p.m. at Thantong fl.1 Montien
Riverside Bangkok with the seminar schedule:

8.30 a.m.

9.00 a.m.
10.30 a.m.
10.45 a.m.
11.30 a.m.
12.00 a.m
SEMINAR ATTENDEES:

Vice Dean of Researchi alongkorn University:

Associate Rrofessor Si

Researchers:
Asst.Prof. Rein Boondiskule of Researchers
Siravit Swangnop » ‘ »

Krongsin Somprasonk™ =0

ST
- ﬁ = _‘,"-# -

Piyakit Kittitulakanon Research Assistant

Dusadee Chansuka

7 Y )
Attendees: -

| Auxiliary

e
» Name

Dr. Puwadon Verapan

unan Klaitum

Arasa Petchkong
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Thailand Princess Mother Medical Volunteer Dr.Yuth Potharamic

Foundation

Vorawan Dechagraisaya

Usa Siwalen

Benyatlp Norbida

‘. eth Intan

Ratchaburi Provincial F - alth ;.E Dr."Mantana Chavunkul

"'*r Thanakullapan

7|
/// / ‘ ‘\\\\ L"'\ a Panitchitta
/=W

\k"‘x vat Chiravattananukoon

\\\\‘& - Cravurka

i.\\ nn Atthachot

Ratchaburi Hospita / \\ .\"' n Pengthumkerdphol

‘
T’% d‘\ \1 Sainaha
= .

Suanpeng Local Public E \ Off
l :\ aiphol Pongthong

ﬂUEJ’JVIEJVIﬁWEJ’]ﬂ‘i
QW’]ﬂﬂﬂ‘iﬁumﬂﬂﬂﬁl’]ﬂﬂ
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C-2 Questionnaires

SATISFACTION EVALUATION FORM
Of

RESPONSE DETAIL:

AuxiliaryAssociate...'......,.. . o
POSItioN. .....oovviiiii 7). ..+ eeeeeee e
Authority........... ) R e,
Operation Location! r s/ ;...: - W\ AT

..................................................................................
............................................

AULININTNEINS
AR TUNNINGAY
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TOPIC EVALUATION MARK

3 4 5
Generally Quite agree Totally agree
agree

Medical staffs and supplies distribution planning
ROUNDTRIP

1. Are the concepts and principle in the research can solve

2. Are the concepts and principle in the research is correct, app \
versatile ‘

3. Input data is required in planning
i

4.  Output data is necessary for planning

5. Constraints are adequate

ONE-DAY TRIP
— =
6. Are the concepts and principle in the research can solve the problem ,ﬂf"'ﬁ'

el
. . ) e e .H!'-.u
7. Input data is correct, appropriate and versatile ) = - = W
el
- il

Vi

8.  Output data is necessary for planning

9.  Concepts can be realistically implemented

10. Constraints are adequate

11. Possibilities in operation of distribution method:

- Direct from hospital

- Meeting Point

- Pickup route ﬂ
LI

Additional Comment:...........cooovviieiiii qJ

RININIUNRINYIAL

¥9¢
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Appendix D: Graphic User Interface (GUI)

OPERATION ROUTE CALCULATION

SEARCHING

Fiscal Year:

Service Season:

Province:

Medical Servicedd

Operation Routing

T 1

Opetation Sig “OPERATION ROUTE
Ban Tung Yao ul
Ban Meoung Kut ) st | Sort By
Huai Fuk Dap Service Time

Kae Noi Suksa
ChalermPakriet
Sam Mourn
Ban Num Ru
Hua Mae Moeng

VIEW

Distance Calculation
Numbers of vehicle
“A'Number of Staffs

Doi Sam Me®h [ Number of Supplies

= )

AUSTNENING TN

Objective: To retrieve ﬁUt data intoqhe system for caletlation process

AR SR Y

q. Select fiscal year in order to start the operation routing of the selected fiscal year plan

1 Oct 2008 — 7 Oct 200

2. Choose the season for operation since the operation season leads to the different
demand of medical staff

3. Select the planning province to retrieve the operation requisition for calculation
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4. Select type of medical service resulting in the open of medical volunteer registration
5. Push “Search” button to retrieve the data into the system for calculation: after push

the button all data in the selected field above will appear. User can select different

QUTPUT
'FOR FISCAL YEAR 2008

ROUTING OUTPUT R N ROU
“CHAINGMALIN SEASO INMO JALE DENTISTRY SERVICE
Service-time Date e | No.Staffs Supplies
10ct-70ct | 2.0et2008 2 - -
3 Oct 2008 > Sy
4 08 AN N
ct2008 | Do A
6 02008 ' 0L 9 P
8 Oct - 14 Oct 20 .
10 Oct 2008 |/ Mern U 1478 485 \ N
11 0gt 200 um Ru¥ |85 \ ‘;
1 120 & Num i A i LY
13 Oct 2008 | Chaiermpr. 'e%.', | 33387 s | ]
15 Oct-21 Oct | 16 0cti2008 [ Lu KuiDb. | [312
17 0ct 200848 viend fapa |-
18 Oct 20 wa{maap L 1 gy
19.0ct2008 | Ngam-tuang- =
20 0ct 2008 | o “Puis /| 1 881.99 8 A

=

A

: - =
Digure trip pﬂning

Objective: To presenﬁfhﬁoeranon routing resultrfrom the DSS computation including

AUBFRENTINEINT

- Cumulative total d|stance

ARSI IR

edical supplies required in each service-time period

PRINT

Instruction: After the planners are satisfied with the result calculated by the DSS, he/she
can edit the detail of the route by pushing “EDIT” button and can save the operation

route data for the creation of operation plan by pushing “SAVE” button. Moreover,
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planners can documentarily save the operation route result from the DSS by pushing

“PRINT” button.

ROUNDTRIP DISTRIBUTION PLAN

X

SEARCHING W A 1 J
Fiscal Year ‘mw
Y
Province m' '
Medical Service M N
Season ® Winte ® ..' nme \\ oy
o

PLANNING

General | MedicalsS

9/0¢t/2008—+ Meung Kut
10 Oct/%g
11/0ct/2008

12/0ct/2008: M'fiumirid /A i v

Edit
J"ﬂ [_prnt_]

Figq’e D- 3 General operation plan for Round t' planning

sk iyl k ik (b} el

In F|gure%|3 the general plan for Reund trip planmng is the tab that retrieves opera’uon

BRSO T

“Edit” button; however, if planners are satisfied with the result, he/she can do both
“Save” the data for generating operation plan and entering the next tab to further create

overall plan or he/she can “Print” the result of general plan for revision.



269

=
=&)X

SEARCHING -
Fiscal Year 2
Province Rate
Medical Servic enl
Season v 73
PLANNING ' = )
= A
General | Medical Staff 4 Su i 2 veration i tion Plan
i o
Team Medical Na e reagy
1 Vorapo
Kre 3
Pisut
YuPin
Renu 1 A =
Vileka . et 1
i P

S oy
-E,u Save ][ Print ]

TR FBT TS

ObJectlvé“'o present the details of @edlcal staffs in each medical team

W RIS T A

through the screening process of Personnel Registration are shown in this information

tab. Users can edit the information of names, surnames or individual information of

medical staffs by clicking “Edit” button; however, if planners are satisfied with the result,
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he/she can do both “Save” the data and enter to the next tab to further create overall

plan or he/she can “Print” the result of general plan for revision.

SEE

ROUNDTRIP DISTRIBUTION PLAN

SEARCHING

Fiscal Year

Province Raichabuirt

"
Medical Service | - o

Season

PLANNING

General | Medical S l/

Team

1 So ai
Adun
Chana »
Kasinee

Tanit
Vinai

Chaiwan Lm
Supap | 1Oct=7-0ct

, A Pongsuk 10ct-70ct | L
Yoo | X )
I

A UHARBRTNHARS

ObJectlvéq'll'o present the details ofiupportlng medlcal staffs in each medlbteam the

RFS I T a ™

Instruction: The list of supporting medical staffs registered to operate at the operation

v
Edit
U Save H Print ]

site according to operation route of each service-time period that has already passes

through the screening process of Personnel Registration are shown in this information
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tab. Users can edit the information of names, surnames or individual information of
supporting medical staffs by clicking “Edit” button; however, if planners are satisfied

with the result, he/she can do both “Save” the data and enter to the next tab to further

Searching

Fiscal year

Province

Medical service

Back to main page

Season

Result
General Medlca staff

]

Medical team | Operation M MW 1 Da Departure time (A |
1 1/10/08- 740/08" AR TN 8.00
8/10/08 - 44/10/08 |- F/ 8.00
15/10/08 = 21/10/08 |- e . 15/10 8.00
22/10/08 - 28/10/08 " (= ior10/08 8.00
29/10/08 - 4/11/08" | c 29/10/08 8.00
5/11/08 — 14/44/08-- | E

v, 12/11/08 — 18/11/08

-4 19/11/08 — 25/11/08

O |lo [Nl |w]|N

Save Print

BB P

ObJect|véq'll'o present the overall plin of operation plan in medical team reﬁ-’on&ble in

(WAL E NP IR R

plan.

Instruction: Users can edit the information of the departure-return location, and time by

clicking “Edit” button; however, if planners are satisfied with the result, he/she can do
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both “Save” the data and enter to the next tab to further create overall plan or he/she

can “Print” the result of general plan for revision.

ROUNDTRIP DISTRIBUTION PLAN

X

SEARCHING
Fiscal Year 2008
Province RaGiaig
Medical Service |Decr
Season i
PLANNING A
General | Medic: 0 Operation ib PI
i 'g i
Car No. e TR ution Plan
1 ct/. ot '~ i e P
12/0cti2008 8 | Hui Mas'Mol Tee Le Per k
3/Qatl2008" | Tee LePerkee gYu \
/2 “|'Dot Sam Meoun am Meou
ct/2008 | PraYae" < a Yao
6/0cif2008 - g Kut— g Kut
7/062008¢ 4 4SatmMerun = run
2 1/0ct/2008 I - 1 Ru F|
2/0ct/2008" i LNOfI Rin. = v
§ Edit
- |
= )
-.é!gure D- 7 Distribution plan for Round trip planning
Objecti

Instruc

RIFIR LN (LI Ta W

mcludlng%l]e must-carried item neeﬁed to be transported to operation sﬂ&ysers can

WA NN RN

satisfied with the result, he/she can do both “Save” the data and enter to the next tab to

car to

rs are

further create overall plan or he/she can “Print” the result of general plan for revision. By
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clicking 4 is to view and manage the detail of must-carried medical supplies in each

vehicle.

ASSIGNING SUPPORTING HOSPITALS FOR ONE DAY TRIP PLANNING Q@

SEARCHING ‘
Fiscal Year

Service-time

Province

Medical Servig

INPUT DATA

Date
12/Dec/2008
16/Dec/2008 id
18/Dec/2008 PuTa Klen%
20/Dec/2008 | Pong Heng 71k
22/Dec/2008 Lern Jum == |
24/Dec/2003 % Ra Kang Tong -
26/Dec/2008 oo ————

28/Dec/2008 MY Punamron |
30/Dec/2008 m
£

2!

Assign

ﬂum%ﬂmwmm

To retrlevunput data into the systerré,for calculation prooess

AWAANTL MABIANAIAL..

2 Choose the season for operation since the operation season leads to the different

demand of medical staff
3. Select the planning province to retrieve the operation requisition for calculation

4. Select type of medical service resulting in the open of medical volunteer registration
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5. Push “Search” button to retrieve the data into the system for calculation: after push
the button all data in the selected field above will appear including the demand of

medical staffs in each type at each operation site.

6. By clicking the “Assign” button lead to ulation process of DSS which result in

i@: i

the assigning hospital solutior

FEX

ASSIGNING SUPPORTING HOSPITAEOUTPUT

SEARCHING

Fiscal Year

Province

Operation Date

NANTAUI
lue(Person) \QJ
Operation Date | Operation ‘ _ oSpital - | T urse | Pharmacist
12/Dec/2008 Ban Lan Ka - ] 3 3
16/Dec/2008 |  Huai Pak | 0 2
16/Dec/200 Huai Pak 1
18/Dec/2 i Ban P
18/Dec/2008 ™
18/Dec/20 = Kien 0
20/Dec/2008 |  Pong Han 0
20/Dec/2008 ' Pong Hang BangPae 0 0 0 WA 2 v
24/Dec/2008 | Rouen Jum Potheram 3

3
outon Mefhod Selection

AU INETING &

- Type of supporting personnel by each hospital to each operation site

- Numbers of supporting personnel by each hospital to each operation site
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Instruction: After the planners are satisfied with the result calculated by the DSS, he/she
should select the most appropriate distribution method by pushing “Distribution Method

Selection” button to enter into the next pop-up GUI presented in Figure D-10

=)F)X]

) = 0 0)b A '7 o
SEARCHING s, / 7
Fiscal Year 2008 e v /
Province R S F —
Operation Date b .
1 0
16/ ]
e 7 =
SEARCH RES ‘ — | )
“ £ CAL
v ol |
Auto | cudlom .;E:’.u, A
Method is 24f LV imefpersc Note
Direct From Hespit 335‘.?11"’; : 68.47 B
EEFETL] L
O Meeting point | :_._;g?—:;;?; 8 B
0 Pickup Route L 91.07 B
2 SAVE
- =y
Figure D=0 e-day trip planning

bjective: Selection of distribution method of medlcal staff to operation site

r:::m AN 1401wy, b 308 e

method. e measurements of @ch method |s&r.esented as demv support

TRIRSDINAR AR
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OPERATION PLAN FOR ONE_DAY TRIP

SEARCHING

Province | Ratchaburi

Month
2008 . NN

Fiscal Year

| "/‘// amh ) (Backto main page ]

SEARCHING OUTPUT — "J _

General | Medical sta g o] g staff L Distribution plan

Operation Date ocatig ‘r‘! ! f m . mc al Distribution Method |4/
12/Dec/2008 | Banilian Kag' | Mobile medical| m&t_‘m | Direct
16/Dec/2008 luai Pak | Mobile Medical. | Suan Pung Hospital . |- Direct

& AL P [Rolharam Hospital,

2Ta kigh|hioblle Medica ﬂmﬂkﬂ; b

' J R

fF iJ O
F 2117 {hkergseel ]

20Dec/2008 | Pong Hang | ‘bal’ Bang Pae Hospital | Meeting Point

Medical service

18/Dec/2008

Meeting Point

Objective: To ares : p-di _ ) -

Instruction: There = : A plan

In Figure D-11: t!jgeneral plan for one day trip planning imﬂe tab that retrieves all
information required in distribution of medicalistaffs to operation sites including location

oo B H Y3 P e

method. hese are overviews of operation plan and important information to

L b KAl taThAb el meﬁif;i::::

ire satisfied with the result, he/she can do both “Save” the data for generating operation
plan and entering the next tab to further create overall plan or he/she can “Print” the

result of general plan for revision.
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OPERATION PLAN FOR ONE_DAY TRIP

SEARCHING

Province I Ratchaburi

Month

AL

| ///7‘\\\\\\\ |
Operation Date | . Locations jfdlﬂf ?% @ﬂ 'ﬁh\‘\“\‘;}‘h‘} _Name A

12/Dec/2008

General | Medical staff

UL

L Taweesak
Korbsuk
Thongeak
Vinai

v

[ Save H Print ]

p planning

Obijective: To pre operation date

)

E of medical staffs registered to operate
according to operaticﬁ reute of each operatiofi.date from each supporting hospitals that

o S AR W B o

in this mﬁjnatlon tab. Users can edit the information of names, surnames or individual

OV AEK Rl taTKTL AR I TiphS b1

reate overall plan or he/she can “Print” the result of general plan for revision.

Instruction: The at the operation site
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OPERATION PLAN'FOR ONE_DAY TRIP

SEARCHING
Province I Ratchaburi |
Month
Fiscal Year

Medical service

Operation Date

Operation Date | : pi W NN Name A
12/Dec/2008 | Saduk Hospi L N e N Supap

' ' ‘ Somdej
Taweesak
Korbsuk
Thongeak
Vinai

v

[ Save ][ Print ]

Figure D- 13 Medical stdiﬁﬁﬁ&%}é Ve Plan forone-day trip planning (continued)

supporting staffsj
provide medical treatment to patients or customers.
Instruction: The list dworting medical staffs' registered to operate at the operation

B Lp e A

hospltals%at has already passes through the screening process of Personnel

LA SEaletal 1 a[ok (AF-N 1

utton however, if planners are satisfied with the result, he/she can do both “Save” the
data and enter to the next tab to further create overall plan or he/she can “Print” the

result of general plan for revision.
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OPERATION PLAN FOR'ONE_DAY TRIP

SEARCHING

Province | Ratchaburi

Fiscal Year 2008
Medical service Mobile medical

Operation Date e, . e ’ - [ Search ][Back to main page

SEARCHING OUTPUT

General | Medical staff | Supporting sta

Operation Date Location e Nowf#* & From | Departure Time | Departure Time | Note [*/
12/Dec/2008 | Ban Lan Ka 8:33 B

8:33 @_
8:33 2_s

ne-d ‘trip planning

Objective: To present the detail of distr
— "
Instruction: This tab up point and delivery point

R,
including the !%«;, “item: staffs and sui mf transported to each

fhe to the selected

operation site frw 0 ordﬁ
distribution method. Users can edit the information of the departure-return location, and

time of each |nd|V|d#;Iﬂhr to be more apprﬁ#late in re ractice by clicking “Edit”
o B B g VI T PR ) o

data andqnter to the next tab to féTher create overall plan or he/she Can “Print” the

PRSI AR I NI
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