A GIS-BASED APPROACH FOR THE DETERMINATION OF
SERVICE LEVEL AGREEMENT (SLA) ON THE
TRANSPORTATION NETWORK: A CASE STUDY OF GAS
STATIONS IN BANGKOK METROPOLITAN REGION

NARASAK MUANGKAEW

A THEMATIC PAPER SUMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR
THE DEGREE OF MASTER OF SCIENCE
(TECHNOLOGY OF INFORMATION SYSTEM MANAGEMENT)
FACULTY OF GRADUATE STUDEIS
MAHIDOL UNIVERSITY
2011

COPYRIGHT OF MAHIDOL UNIVERSITY



Thematic Paper
entitled

A GIS-BASED APPROACH FOR THE DETERMINATION OF
SERVICE LEVEL AGREEMENT (SLA) ON THE
TRANSPORTATION NETWORK: A CASE STUDY OF GAS
STATIONS IN BANGKOK METROPOLITAN REGION

Mr. Narasak Muangkaew
Candidate

Asst. Prof. Somchai Pathomsiri, Ph.D.
Major advisor

Asst. Prof. Bovornlak Oonkhanond,

Ph.D.

Co-advisor
Prof. Banchong Mahaisavariya, Asst. Prof. Rawin Raviwongse, Ph.D.
M.D., Dip.Thai Board of Orthopedics Program Director
Dean Master of Science Program in
Faculty of Graduate Studies Technology of Information System
Mahidol University Management

Faculty of Engineering
Mahidol University



Thematic Paper
entitled

A GIS-BASED APPROACH FOR THE DETERMINATION OF
SERVICE LEVEL AGREEMENT (SLA) ON THE
TRANSPORTATION NETWORK: A CASE STUDY OF GAS
STATIONS IN BANGKOK METROPOLITAN REGION

was submitted to the Faculty of Graduate Studies, Mahidol University
for the degree of Master of Science
(Technology of Information System Management)
on
April 1, 2011

Asst. Prof. Manoj Lohatepanont, Sc.D.

Member

Prof. Banchong Mahaisavariya,
M.D., Dip.Thai Board of Orthopedics
Dean

Faculty of Graduate Studies

Mahidol University

Mr. Narasak Muangkaew
Candidate

Assoc. Prof. Patcharaporn Neammanee,
Ph.D.
Chair

Asst. Prof. Somchai Pathomsiri, Ph.D.
Member

Asst. Prof. Bovornlak Oonkhanond,
Ph.D.
Member

Asst. Prof. Rawin Raviwongse, Ph.D.
Dean

Faculty of Engineering

Mahidol University



ACKNOWLEDGEMENTS

This thematic paper can be succeeded by the attentive support from my
major advisor, Dr. Somchai Pathomsiri. He has been advising and guiding this thematic
paper with patience and confidence since the beginning. He has given me useful
knowledge for writing this thematic paper. In addition, he had tiredlessly edited this
English thematic paper as much as his time allowed until it was finally completed. |
would like to thank my co-advisor, Dr. Bovornlak Oonkhanond, who has advised and
suggested me until 1 completed the thematic paper. Drs. Patcharaporn Neammanee and
Manoj Lohatepanont, another two committee members, provided me with very valuable
comments that significantly improved the quality of my thematic paper. | really
appreciate their efforts. Furthermore, this thematic paper would not have been possible
if 1 did not have the very important data from the Ministry of Transport. | am very
thankful for that.

Lastly, I would like to thank my family; father, mother and brother who
have been always supportive and encouraging me from the start. | am also indebted to
all my teachers who have educated me. With all those educations, they have made my
thematic paper accomplished. 1 would like to offer the thematic paper’s goodness,
usefulness and accomplishment to all of those who supported me in any respect during

the course of the thematic paper.

Narasak Muangkaew



Fac. of Grad. Studies, Mahidol Univ. Thematic Paper / iv

A GIS-BASED APPROACH FOR THE DETERMINATION OF SERVICE LEVEL
AGREEMENT ON THE TRANSPORTATION NETWORK: A CASE STUDY OF
GAS STATIONS IN BANGKOK METROPOLITAN REGION

NARASAK MUANGKAEW 5037534 EGTI/M

M.Sc. (TECHNOLOGY OF INFORMATION SYSTEM MANAGEMENT)

THEMATIC PAPER ADVISORY COMMITTEE: SOMCHAI PATHOMSIRI, Ph.D.,
BOVORNLAK OONKHANOND, Ph.D.

ABSTRACT

Standard consistency and reliability of service quality are key success
factors in business. Nowadays, several organizations guarantee their services.
However, when organizations advertise such a service level to the customers, it is not
known how they set up their service level agreement (SLA). Thus, the purpose of this
study is to present a methodology to determine the SLA by using Geographic
Information Systems (GIS), simulation techniques, and statistical methods. This
method was applied to determine the SLA of gas stations in the Bangkok Metropolitan
Region (BMR), as a case study. The results showed that the number of gas stations has
affected the SLA in term of accessibility. In addition, the results provided the
calculated upper-bound SLA of individual gasoline brands. The proposed method can
also be applied to any other businesses to which the service level agreement affects

their competiveness.
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CHAPTER I
INTRODUCTION

1.1 Background and Statement of Problems

Because of the extended environment and economic, it leads to much more
business competition, that is, many companies always develop their product for being
one part of market share. Moreover, the company has to have the outstanding strategy
in the terms of company and goods for making the difference or looking for having
advantage over other competitors in the same market or competition. To make the
advantage to the company over the competitors, it has to have the efficiency and effect
on administration and management in every part of business (Tangjitcharoenpanich,
2005). Especially, the business which is related to the service, it is necessary to
develop the service continuously for leading to customers’ impression.

Creating the service impression is difficult, because the need of each
people is not identical. Thus, each organization has to study the level of customers’
satisfaction for finding out the level that the customers accept. Some companies have
the punishment to the staff in the case that they cannot provide the service according
to the condition that used to promise to the customers. Nowadays, there are a lot of
service businesses that adopt the Service Level Agreement (SLA) to be used for the
condition of giving service between the company and customers.

SLA is a measure of the effectiveness of services. The result will show as
number. It can be analyzed and evaluated. SLA informs customers about the service
performance of the company.

Hence, the researcher has the idea about the way of estimating the service
level by using the statistical concept together with Geographic Information System
technology (GIS). This study estimates the SLA by using the case study of the gas
stations as the data in this research. This data include the road network that the GIS
can be applied to analyze as well. This research will establish the customers’ locations

by randomization and then complete the shortest distance to the nearest gas station in
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the terms of the distance in giving service from the nearest gas station, that is, to
categorize into each brand in the area of Bangkok metropolitan region. The strategy
and statistical analysis will show about how much the gas station from each brand can
have the SLA to the customers. Besides, there is the comparison on other gas stations
in the case of how difference of having the advantage over others for being the useful

data, and being able to be the reference that will lead to the respect continually.

1.2 Objectives

This research is aimed to accomplish the following two main objectives:

1) To study about the service level agreement of accessibility to locations
on the transportation network by using GIS and the principle of statistics.

2) To apply the knowledge in 1) to determine the SLA for a case study of

gas station in Bangkok metropolitan region.

1.3 Scope of the Study

This research identifies the scope of the study as follows:

1) To make use of the foundation data (Transportation Fundamental
Geographic Data Set: Transport FGDS) (Ministry of Transport, 2007) which is
collected and some data is edited to be suitable with this research.

2) SLA of accessibility on the transportation network is measured by the
distance to the nearest gas station from a randomized customer.

3) The locations of customers are randomly generated by the computer.

4) The Boundary of the study area is consisted of Bangkok, Nonthaburi,

Pathumthani and Samutprakan as shown in Figure 1.1
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1.4 Expected Results

This research utilities GIS and applies the principle of statistics and
probability to determine the SLA of accessibility to gas stations. The result of study is
to bring up an idea and applicable analytical methods which are useful in several cases
such as:

1) The petroleum companies can use the results as a baseline data refer to
the service level of their network as well as their competitors.

2) Can have a guideline for improving their service network efficiently.

3) When the petroleum companies’ business strategies may be devised
based on these results.

4) The results can be also applied to other businesses such as Automated
Teller Machine (ATM), postbox, convenient store, banking, etc.

Thus, to make this research have more quality, it is necessary to review

related literature thoroughly. This is the contents in the next chapter.
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CHAPTER I
LITERATURE REVIEW

This research aims to study how to evaluate the Service Level Agreement
(SLA) on accessibility of gasoline stations. SLA is determined in term of distance on
the transportation network by means of statistic and probability principle based on a
case study. Also, Transport Fundamental Geographic Data Set is used in this research
for road networks analyst in condition of the number of customers and number of gas
stations. Literature Review is divided into 2 parts as follows:

2.1 Service Level Agreement (SLA)

Service Level Agreement (SLA) may have valid several definitions. In
fact, it is deceptively simple. All of the following definitions are significant:

e A service level agreement (SLA) is an agreement between the provider
of a service and its customers which quantifies the minimum quality of service which
meets the business need. (Hiles, 1994)

e SLAs are essentially informal contracts between the provider of a
service and the user of that service. Their purpose is to define the performance
required of the service and to put in place measurement mechanisms whereby actual
performance against targets can be monitored. (Parish, 1997)

Service level agreement (SLA) is a contract or an agreement of service
level between providers and clients in order to make an agreement into the same
direction as decided. This agreement needs to be approved by two parties. However, as
a reason of different level of each client needs, it needs to be negotiated to find
appropriate and accepted levels. As in the Figure 2.1 that show the agreement between
providers and clients, in the agreement is consisted of understanding agreement which
the two parties already acknowledge such asan ability to service agreement,

responsibility agreement etc.
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Customer H Provider

1T

Contract
SLA

Figure 2.1 An agreement of service level between providers and client
(Lee and Ben-Natan, 2002)

Service level agreements were first appeared in 1990 in the Information
Technology (IT) unit in the company that provides service of IT for the purpose of
measuring their service level and managing Quality of Service (QoS) of computer
network system in the company to check how much efficiency there were in order to
transferring data to company’s customers to comply with company standard.
Nowadays, SLA is brought in wide spread to use with goods and services. Providers
need to have a standard service that makes clients satisfy within the agreement that the
two parties had made together. (Bissel, 2000) Normally, SLA is used in organization
that has communication operation between organization and clients for instance; Call
Center, Help Desk etc. (Level three support for support service in 2001, 2001) Besides
the services which involve with IT business, SLA can also adjust to use with other
businesses such as manufacturing business, transportation business etc. SLA is being
brought in to the manufacturing business as to use between manufacturer and suppliers
of raw material. In transportation business, SLA is used between clients and shipping
company. These two cases show the way of bringing SLA to designate the quality of
service to become steady which will bring impression to customers. Usually, there will
be a legal punishment written down in the agreement, if the company cannot follow
the rules.

The most important indicator of service business is time, which is
generally called Operational Level Agreement (OLA). It means time in each activity
that the company uses for servicing customer in each operation is the time which
company commits with customers that they will be serviced within designated SLA
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time. Thus, the company must designate SLA from customer’s perspective and
customer’s needs. For instance, The company who is good at service standard like
McDonald, they specified SLA for customer that every time the customer order foods,
they must not be waited less than 60 seconds and this is McDonald’s SLA. If we look
deeply into their process of work, it certainly designates standard of work and OLA.
So, this will impact on customers in a good way which the customer will not wait for
long time and also on their business which they can support more customers than any
other shops. Besides, they can sell more during the same business hours as other
shops. There are other business examples. The sky train will arrive at platform every 5
minutes during rush hour. A new SIM card can be activated within 2 hours when
customer first buys it. In the hospital, patients may be told that they should be able to
see the doctors or wait for medical fee payment no longer than 15 minutes
(Pipatphokakul, 2005). In the duration of servicing customer, there are 2 portions of
time (Pipatphokakul, 2006).

1) Service time is the time that company uses for servicing each customer
by using SLA as an important criterion which will inform that if the services are good
or bad. For instance, when the customer takes the car to the service center for repairing
and the service center can inform the customer immediately that it will take around 1
hour to repair. In the case that patient goes to the hospital to see the doctor, the
hospital can inform patient that it will take less than 1 hour for all the services from
the beginning which is register, measuring pressure, see doctor, pay bill until receive
medicines.

2) Waiting time is the time that customers spend to wait for their services.
These service operations mostly do not set the limitation on waiting time. However
because of the limitation in business investment, company cannot make highly
investment for reducing customer waiting time. Therefore, the popular way to use is to
make the customer feels good or relaxed while they are waiting. At a bank teller of
each branch for example, the last working day of each month, the bank will always
have a lot of customers so they must be on a waiting line for a long time. In some
branch, customers may have to wait for more than 30 queues or longer than 1 hour. If
the bank invests more 5 tellers, the bank will have to pay for more decorations and

recruitment. Instead of paying for those, the bank uses the way of making customers
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feel good and relaxed by installing a television, having newspapers or magazines,
serving water for customers to drink then the customer will not be frustrated while
they are waiting. However, it depends on each bank’s creativity to choose their extra
services to make the customer satisfy.

From the picture of the company that has a service standard; Company
will always standardize the services and continue to maintain service levels in order to
have the customer receive service standard every time and everywhere. The company
must upgrade their standard of service when need of customer changes in order to
satisfy to customers and continue their service to compete with the competitors.

While the fundamental principle on quality assessment of services that
individual customers may have different expectation on the same product or service,
the levels of their expectation affect their satisfaction. Manufacturers or businesses
may produce products or provide services that differ from their expectation, which can
be higher or lower. In case that the product meets or is beyond their expectation, they
would judge that product as a high quality one. But if the product does not meet their
expectation, it would become a poor quality product in their opinion. Thus levels of
quality of products or services are influenced by levels of difference between products
and customers’ expectation. Figure 2.2 represents such principle. What customers
expect from manufacturers or service providers is called desirable condition, while
what they truly receive from manufacturers or service providers is called perceived
condition. Quality of products or services can be assessed by evaluating differences

between desirable condition and perceived condition (Joseph and Blanton, 2000).

Desirable
condition

(Gap)

\ 4

Perceived
condition

Figure 2.2 Basic concept of Service’s Quality Evaluation
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The main objective of providing services is to reduce differences between
customers’ expectation and what they receive to be as low as possible. To provide
services much higher than customer’s expectation would result in burden of service
providers, while providing services lower than expectation would cause

disappointment to customers and allow competitors to take away those customers.

2.2 Measurement of SLA

Performance measurement of service delivery — and therefore compliance
with the SLAs — is achieved by using one or more of the following metrics: (Larson,
1998)

e Availability

¢ Reliability

e Serviceability

e Response

e User satisfaction.

Where the service provider exceeds the service level, the steward (client-
side contract manager) may reward the provider. Conversely, where the service
provider fails to achieve the agreed service level, the service provider may pay “failure
credits” to the client.

1) Availability

Measurement of availability identifies the proportion (percentage) of the
time that the contracted service scheduled is actually accessible and useable over a
defined measurement period (e.g. weekly or monthly).

2) Reliability

Reliability defines the frequency with which the scheduled service is
withdrawn or fails over a defined measurement period (e.g. not more than three
failures per week).

3) Serviceability

Serviceability is an extension of reliability, and measures the duration of

available time lost between the point of service failure and service reinstatement (e.g.
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95 percent of network failures in any working week will be restored within 30 minutes
of the failure being reported).

4) Response

Response measures the time delay between a demand for service and the
subsequent reply. Response time can be measured as turnaround time, transfer time (as
in the case of a help desk call) or cycle time (as for recurring system batch
processing).

5) User satisfaction

User satisfaction is a measure of perceived performance relative to
expectation. User satisfaction is often measured by survey using a repeatable process
to track changes over time.

2.3 SLA Case Example

Researcher brings up the case of SLA that uses in the daily life and
industrial business which may be seen often times, as follow;

1) Help Desk of Call Center in IT company case can be divided level of
services into 3 levels. (Level three support for support service in 2001, 2001)

Level 1

This is the beginning level of receiving customer’s subjects between
customers and company which is general subjects. If the company cannot solve out the
problem that was given by customer in this level, it will be sending to level 2.

In the level 1, there will be a differentiation between servicing each

customer as it will be told in the agreement. For instance,

Table 2.1 Different level of services from the help desk

Help Desk Hours
Gold 24 hours a day , 7 days a week
Silver 8:00 A.M.-12:00 A.M. Monday through Friday (After hours, leave
a voice message for return call the following business day.)
Bronze 8:00 A.M.-4:30 P.M. Monday through Friday (After hours, leave a
voice message for return call the following business day.)
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Level 2

This level is a process of sending subjects to a specialist to consult the way
of solving problems that happens to the customers. If the company cannot solve out
the problem that was given by customer in this level, it will be sending to level 3
which is the last level.

Level 3

This level is a process of sending a specialist to see customer in person to
solve the problem which occurs at that moment.

There are differences of expenses among each service level depending on
customers needed. To consider which service level need to be used, it depends on the
business’s priority because each level has different services. As a customer, they must
research their business that which service and level they need. Also, as a service
provider, they need to maintain their service levels all the time in order to convince
their customers to feel assured that they have received services neutrally and
accurately as designated.

2) The Top courier company, FedEx Case (FedEx, 2010); the company set
time guaranteed for customers when and what time exactly goods will be delivered. If
the company cannot deliver goods on the date and time as they decided, the company
is willing to pay deliver fees for customers. Refund must happen when company made
a mistake such as the lateness of delivery system or losing goods etc.

3) For the case of timing guarantee in transferring patients in Siriraj
Hospital (Faculty of Medicine Siriraj Hospital, 2004) whose work involves moving
patients with cots and wheel-chairs throughout 24 hours. Currently, the hospital has to
provide transferring service to patients 1,837 trips/day, on average and that caused
them problems due to insufficient number of staff, resulting in delay of patient
transfer. Thus they developed timing guarantee for transferring service. With the aim
to develop service quality, patients were categorized into 2 groups as the followings.

Group 1 Transferring service for general patients. For outpatients, timing
guarantee is set to be 15 min/trip, with the goal of 95%. For inpatients, timing

guarantee is set to be 20 min/trip, with the goal of 95%.
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Group 2 Transferring service for emergency patients. For outpatients,
timing guarantee is set to be 5 min/trip, with the goal of 80%. For inpatients, timing
guarantee is set to be 10 min/trip, with the goal of 80%.

The service time is recorded and summarized for analyses and evaluation
monthly. The KPI and outcomes of this project are shown in Tables 2.2 and 2.3. Based
on the data, the actual performance is above the target.

Table 2.2 Transferring service level for general patients

Type Quantity (Case) | Target (%) | Actual (%0) Time assurance
Outpatients 480,584 95 98.01 | Outpatients 20 Mins 95 %
Inpatients 44,972 95 97.55 | Inpatients 25 Mins 95%

Total 525,556 97.78

Table 2.3 Transferring service level for emergency patients

Type Quantity (Case) | Target (%) | Actual (%) Time assurance
Outpatients 227,968 80 89.72 | Outpatients 5 Mins 80%
Inpatients 21,087 80 81.11 | Inpatients 10 Mins 80%

Total 249,055 85.41

2.4 SLA Problems

The agreement in Service Level Agreement (SLA) must be followed. SLA
are usually determined by service providers. However, the agreement may sometimes
have problems. Most frequent problems involve these three following aspects.
(Bouman et al, 1999)

1) Unclear service specification

Details in SLA which are unclear may result in misunderstanding. This
case is usually found in businesses whose services involve uptime guarantee. For
example, when an internet service provider stated in its SLA that “our efficiency of
internet service is 99%?”, it is unclear that whether the percentage is calculated per day,
per month, or per year. Therefore, service providers should make SLA as clear as

possible.
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2) Incomplete service specification

It is difficult to provide all services as stated in the SLA, especially in the
case of unexpected events such as natural disasters, terrorist crimes, etc. The SLA may
not cover such these cases of unexpected events. Therefore, customers may have to
accept failure of service providers in these cases that are not covered in SLA.
Otherwise they may have to file a suit against that service provider for any incurred
expenses.

3) “Dead-end” SLA documents

Some contents or vocabularies used in the SLA may lead to problems
between service providers and serviced customers. There may be only a few customers
who can understand those vocabularies and gain benefits from the SLA, while many
other customers who are not familiar with those vocabularies may become doubtful.
Thus SLAs should be composed with clear explanation that allows everyone to

understand the content in the same way.

2.5 Related Research on SLA Determination

For the case study of Eindhoven University of Technology, they had
problem regarding management of post-sale services for computer notebooks that the
university had sold to students. Bouman et al, (1999) found that the organization
responsible for solving notebook problems could not provide sufficient services to all
students. That made some students who did not receive timely services became
disappointed and upset with the university’s services. Thus the university conducted
interviews with students for solutions to solve their problems. They found from the
interviews that students of Computer Science, Architecture, and Chemical Engineering
Departments should receive highest priority in getting services since these departments
used notebooks mainly for their study. Then they used a mathematical approach to
categorize levels of services into 5 levels according to importance of problems. For
example, in case of Level-1 problems, which referred to notebook failure during
examination period, the problem would be solved within 1 hour. For Level 5, which
referred to notebook failure during regular learning period, the problem would be

solved within 16 hours. This solution allowed the organization to be able to solve
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notebook problems of students in a timely manner. It is evident here that problems or
conflicts between businesses and customers can always happen. Negotiation plays a
crucial role in solving such these conflicts. Negotiation mediums are useful in
assisting negotiation between businesses and customers.

Berbée. et al. (2009) had evaluated the hospital service level agreements.
The objective of this research was to evaluate the development and use of SLAs in a
Belgian hospital from a client’s point of view. Three important conclusions can be
drawn. First, it can be concluded that the research of SLASs is easier and on first sight
more advantageous during the negotiation and development phase than during the
implementation phase. Second, it can be concluded that differences in effectiveness
can exist between the different types of services and SLAs within one hospital or
organization, implying that different services can learn from each others’ successes
and failures. Last but definitely not least, it can be concluded that SLAs are certainly
useful for hospitals. SLAs improve people’s insight in processes, let people think
about performance measurement and, in some cases, also lead to improved services.

Bouman et al, (1999) and Berbée. et al. (2009) were interested to study
service levels in the organization. Nowadays, many service providers are trying to
make a promise of the quality of service to customers. This research presented analysis
method to determine the service level agreement on accessibility in terms of distance
which can be used as a standard of contract to customers by using gas stations in

Bangkok metropolitan region as a case study.
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CHAPTER I
RESEARCH METHODOLOGY

The research is designed to evaluate the Service Level Agreements (SLA)
on accessibility of gas station in Bangkok metropolitan region by using Geographic
Information System (GIS) as an analytical tool. The GIS analysis involves road
network data for calculating the shortest between customers to the nearest gas station.
With sufficient number of distance data, the statistical and probabilistic methods can
be applied to determine the SLA. This chapter is divided into 3 main sections, namely

Data Collection, Analytical Tools and Data Analysis

3.1 Data Collection

This section describes the data source, data contents for the study area,

data manipulation, and data characteristics.

3.1.1 Data Source

The research uses Transport Fundamental Geographic Data Set (Transport
FGDS) from Ministry of Transport which has already been collected. These data set
were last updated on March 2007. Table 3.1 shows information on spatial data.

Table 3.1 The information of spatial data used in this study

Type Data Description

Polygon | Bangkok metropolitan region | The boundary of Bangkok metropolitan
region

Line Road The Primary and Secondary road data of
Bangkok metropolitan region

Point Gas station Location information of gas station which
consists of each brand and all brands in
Bangkok metropolitan region
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3.1.2 Data Manipulation

Transport FGDS are recorded in Shapefile and has file type name as
“Shp”. There are various and a lot of information in this data set such as transportation
roads data, railway data, and highway data. Transportation roads are kept in the same
file and this makes it more complicate as it cannot be used as desire. Besides, it is a
very big file so it is running slow. Therefore, the researcher needs to do adjustment on
data using ArcGIS program to select only research boundary for the purpose of

objective.

3.1.3 Data Characteristics

Spatial Data is consisted of Bangkok metropolitan region boundary,
transportation routes, location of gas station and customers’ location which can be
described as follows;

1) Boundary data of Bangkok metropolitan region

The data type of Bangkok metropolitan region” is called Polygon which
must consist of more than 3 points or over. The starting tariff point and ending tariff
point must be at the same position so that it can be calculated area boundary and
circumference. Bangkok metropolitan region consists of Bangkok, Nonthaburi,
Pathumthani and Samutprakan Province. This study area has a total of 4,682 km?
(Ministry of Transport, 2007). The boundary is a designated area in the research that it
will be only in this boundary. This shape file is named Metro_Province.

2) Road data

Bangkok metropolitan region roads’ are described as Line Features which
can be divided into Straight lines, Angle lines and Curve lines. These lines are a
combination of start points called From Node and end points called To Node which
make these lines become a complete road network. The roads data are important basis
data for this study as they are used for analyzing road network and determining the

shortest path to travel.

“ Appendix A
" Appendix B
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3) Gas station data

Gas station data” are in the form of Point features. The characteristic of the
position of any point is not the size of the area and distance. In addition, data indicate
coordinates x and y which can be identified the data’s location, such as gas station.

Gas station detailed data are recorded in Shapefile by dividing into
individual brands, one Shapefile for each in order to analyze data by each brand. So,
there are 13 brands of 13 Shapefiles. The gas station data are important data that
referred to the destination of consumers who travel to the nearest gas station in each
brand by using Network Analyst Extensionas a tool to analyze the routes. The
separation of each brand into each file will make analysis process be effective.

From data collection, gas station data in Bangkok metropolitan region are
last updated on March 2007. There are 1,218 gas stations and can be divided into 13

brands as shown in Table 3.2.

Table 3.2 Number of gas stations used for this study

Number of Densit

O Eliind stations Yo O (stations/lzmz)
1 PTT 311 25.53 0.0664
2 BANGCHAK 205 16.83 0.0438
3 ESSO 198 16.26 0.0423
4 SHELL 193 15.85 0.0412
5 CALTEX 148 12.15 0.0316
6 PETRONAS 74 6.08 0.0158
7 SUSCO 26 2.13 0.0056
8 TPI 21 1.72 0.0045
9 MP 17 1.40 0.0036
10 PT 14 1.15 0.0030
11 MOBIL 5 0.41 0.0011
12 COSMO 4 0.33 0.0009
13 PETROASIA 2 0.16 0.0004
Total 1,218 100.00 0.2601

In Table 3.2, compared the proportion of all brands of gas stations, the top
5show the result with 86% are popular gas station which consists of PTT,
BANGCHAK, ESSO, SHELL and CALTEX equivalent of 1,055 from 1,218 all gas

“ Appendix C
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stations in the study area. Reviewing the density of the number of gas stations per
square kilometers (gas stations/km?), low density of gas stations is found in the study
area. The density of PTT is at 0.0664 gas stations/km? and BANGCHAK is at 0.0438
gas station/km2. Density of gas stations is only 0.2601 gas station/km? when calculated

all brands of gas stations at the same time.

3.2 Analytical Tools
Analytical tools used for this study are Network Analyst, Hawth’s Tools,

Statistic Analyst and ModelBuilder which can be described as follows;

3.2.1 Network Analyst

Network Analyst is an extension to ArcGIS Desktop that helps user
conduct network-based spatial analysis. With ArcGIS Network Analyst, user can
create applications that build multimodal routes, provide travel directions, look for
closest facilities, and create service areas and origin-destination cost matrices. (ESRI,
2010)

ArcGIS Network Analyst is a powerful extension that provides network-
based spatial analysis including routing, travel directions, closest facility, and service
area analysis. Using a sophisticated network data model, users can easily build
networks from their geographic information system (GIS) data. ArcGIS Network
Analyst enables users to dynamically model realistic network conditions, including
turn restrictions, speed limits, height restrictions, and traffic conditions, at different
times of the day. (ESRI, 2005)

The ability of analysis about the road network by using the equipment
called Network Analyst that is able to analyze various network data, however, it
depends on each research in choosing to use the equipment. The following three major
features of ArcGIS are used extensively.

1) Finding the best route

Whether finding a simple route between two locations or one that visits
several locations, people usually try to take the best route. But best route can mean

different things in different situations.
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The best route can be the quickest, shortest, or most scenic route,
depending on the impedance chosen. If the impedance is time, then the best route is
the quickest route. Hence, the best route can be defined as the route that has the lowest
impedance, where the impedance is chosen by the user. Any valid network cost
attribute can be used as the impedance when determining the best route.

2) Finding the closest facility

Finding the hospital closest to an accident, the police cars closest to a
crime scene, and the store closest to a customer's address are all examples of closest
facility problems. When finding closest facilities, you can specify how many to find
and whether the direction of travel is toward or away from them. Once you've found
the closest facilities, you can display the best route to or from them, return the travel
cost for each route, and display directions to each facility. Additionally, you can
specify an impedance cutoff beyond which ArcGIS Network Analyst should not
search for a facility. For instance, you can set up a closest facility problem to search
for hospitals within 15 minutes' drive time of the site of an accident. Any hospitals that

take longer than 15 minutes to reach will not be included in the results.

3.2.2 Hawth’s Tools

Hawth’s Tools is a free extension for ArcGIS containing numerous tools
that automate repetitive tasks and enable new functionality relating to ecological
analyses (Beyer, 2004). The Hawth’s Tools is used to support randomization of
customer’s positions function to be more efficient. It can help to randomize the
customers’ location more efficiently. It can identify the area that we want to

randomize.

3.2.3 Statistic Analyst

To take the distance data from the analysis by using the equipment called
Network analyst to analyze with the statistic methodology, and choose to use the
equipment for analyzing that are called Microsoft Excel the desired results are divided

as follow;

1) The average distance (X ) is calculated by summation of all the

distance data divided by the number of customers.
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2) Median is calculated by finding a midway distance from all distance
data which the distance will be sorted by ascending or descending. The midway
distance will be Median then.

3) Standard Deviation (SD) measures the dispersion of all the distances to
see how much the distribution of distance is there, it is used together with the average
distance.

4) Coefficient of Variation (CV) is another measure of dispersive
comparison between distributions of distance data in each gasoline station. It is very
useful when are want to compare the dispersion of several dataset. It is computed as

the ratio between SD and mean and reported in the sum of percentage.

3.2.4 ModelBuilder

Another analytical tool is ModelBuilder which works in ArcGIS program.
This tool is developed to build model for working as researcher’s desire in various
systems. For example, it can be used to develop decision support tool for finding
appropriate factory location or classify surface soil. ModelBuilder is a support tool for
increasing work’s efficiency, in the other words; it means to specify the process of
working in model that the developer has defined. It makes the works automatically,
quickly and reduces errors that might have when analyzing data. The ModelBuilder

tool will be developed in ArcToolbox. The resulting file has filename type of “thx”.

3.3 Data Analysis

The research is carried out to determine the service levels agreement. A
case study of gas station is chosen as an illustrative example. Figure 3.1 shows the
work flow diagram which are divided into 3 sections, namely, INPUT, PROCESS and
OUTPUT.
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Figure 3.1 Work flow diagram

INPUT
Input data is fed into the application process of network analyst. The
necessary data consists of Bangkok metropolitan region, road network data and
location of gas stations. This can be described as follow;
e Shapefile data of BKK is an input of boundary of Bangkok and suburbs
area which cover Bangkok, Pathumthani, Nonthaburi and

Samutprakarn. These areas are using as a study area



Narasak Muangkaew Research Methodology / 22

Digital road map is road networks data consisting of primary and
secondary road networks in the study area.

Shapefile of gas stations are data which are divided into 13 Brands
consist of 1) PTT 2) BANGCHAK 3) ESSO 4) SHELL 5) CALTEX 6)
PETRONAS 7) SUSCO 8) TPI 9) MP 10) PT 11) MOBIL 12) COSMO
and 13) PETROASIA.

PROCESS

Procedures of Process analysis are following;

Random customer points with Hawth's analysis tools are conducted to
bring out data of BKK. It will be used to represent the set of random
customer’s locations in Bangkok metropolitan region.

Create network dataset is a process of developing Network dataset” in
order to use these data for analyzing by ArcGIS’s Network Analyst.
Geodatabase is a data record process which expresses in Geographic
Information System database. It takes input data of Road Networks,
Gas station and Customers’ locations for data analysis.

Network analysis function with ModelBuilder is a process of using
Geodatabase for analyzing data to find the shortest distance from the
starting point which is a random Customer’s location to the closet gas
Station. This analysis works by using the analytical tool developed by
the ModelBuilder. The outcomes will be recorded as a set of distances.
Statistic analyst is conducted to analyze the distance data by using

principle of statistics. The results are fundamental descriptive statistics.

OUTPUT
Output from the analysis process can be described as below;

Customer points are data from random customers which the displayed
by dots in the study area. These customers’ locations will be in process

on Geodatabase for analysis.

“ Appendix D
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e Network dataset is the data from road network creation which are

divided into primary and secondary roads for subsequent analysis.

e Closest gas station is resulting outcome from Network Analyst tool.

This process will show distance data of customer’s location travel to
the closest gas station. This distance will be showed by each gas
station and by all gas stations.

e Service level agreement is a distance data that can be used to refer to

service levels when the analysis process is completed.

From the above research methodology, this chapter describes the process
of finding service level agreement by using gas station as a case study and Geographic
Information System (GIS) as an analytical test. As a result of using this method, the
shortest distance can be determined accordingly.

First, the shortest distance to the nearest gas station is copied onto the
Microsoft Excel for post processing. The frequency distribution is then plotted. SLA
may be determined at different levels of upper bounds. When distance data and
necessary statistics were received for individual gas brands. SLA on the road network
can be computed to represent service for separate brands. Thereby, the
competitiveness of gasoline brand may be further analyzed. In Chapter 4, the proposed
methodology will be demonstrated with a case study. Results and discussions are
followed.
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CHAPTER IV
RESULTS AND DISCUSSIONS

This research is aimed to study about service level agreement, by choosing
to study services of gas stations in Bangkok metropolitan region. Since the data of
interest are relevant to transportation network, GIS has been applied in the research. In
addition, statistical methodology was also employed in order to obtain distance from
customers to each brand of gas stations. Details of primary study results and some

discussions are as follows.

4.1 A Case Study for Petroleum Business

Petroleum in one of businesses that is related to service. This kind of
business has high competition. Many companies want to own high percentage of the
market share by using marketing campaign such as advertisement persuading people
to use their oil. For example BANGCHAK Petroleum Public Company Limited (BCP)
arranged BANGCHAK Gasohol Card which provides discount for 20 satang per liter.
A customer can collect points, which is defined by 1 liter per 1 point. For every 500
points, the customer can exchange to cash 100 baht (BANGCHAK petroleum PLC,
2009). PTT Public Company Limited (PTT) has a campaign that if the customer fill
gas 800 baht, he/she will receive money 3% back to account if the purchase was made
via HSBC credit card (HSBC Thailand, 2009). Shell Thailand Company Limited has a
campaign that if the customer fill gas 700 baht, he/she will receive money 3% back to
account if the purchase is made via Citibank credit card (Citibank Thailand, 2009). All
of these have affected consumer directly because they have many choices to decide
which gas station they can maximize their money.

The business market share that each brand held can reflect on how
successful is its operation. In Figure 4.1, it is found that PTT Public Company Limited
(PTT) is No.1 in the market. The second is ESSO (Thailand) Public Company Limited
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(ESSO) with market share of 12.3%, followed by Chevron (Thailand) Company
Limited (CALTEX) 11.8%, Shell Thailand Company Limited (SHEEL) 11.5%,
BANGCHAK Petroleum Public Company Limited (BCP) 7.6%, IRPC Public
Company Limited 4.1%, Siam Gas and Petrochemicals Public Company Limited
(SGP) 3.2%, World Gas (Thailand) Company Limited 2.6%, Conoco (Thailand)
Company Limited 2.4% and others 9.5%. Overall, PTT Public Company Limited
(PTT) has one-third in all market shares. There are just no.2 to no.5 which may be able
compete to increase their market shares. Overall, they combine nearly the same market
share. Under no.6 are companies that have less market share. Many factors affect gas
station business including culture, social factor, economy, personal factor etc.
(Prasatkeaw, 2007). Due to the advancement in technology now, it has changed
consumer’s behavior. New innovation is introduced for responding to their
requirement. As a result, the gas station business must adapt to survive with current

situation under strong competition.

Siam Gas
Conoco 3 2%

2.4%

Other

World Gas
2. 0%

PTT

34.9%

TRPC
4.1%

SHELL

12.3% 11.5%

BCP ~
7 6% Chevron
(CALTEX)
11.8%

Figure 4.1 Market shares of petroleum ~ in 2008 (Petroleum Institute of
Thailand, 2008)

Locations of service gas stations also affect accessibility of customers.
Therefore, prior to setting up a gas station, the location of its site needs to be approved
by the company owning the brand. Investigation is made in order to ensure that the

location correspond to regulations of the company. For example, PTT Public

*
Petroleum products consist of benzene, jet fuel, kerosene, gasohol , fuel oils, and LPG
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Company Limited has specified that a gas station under its brand must have a total
area of at least 200 square wa. The front area along the road is at least 17.5 meters
wide. The entrance must connect to a public road with a minimum width of 12 meters.
Construction of the gas station can start only after approval has been given (PTT PLC,
2009).

Therefore, location of gas stations is an important factor for accessing
customers. The location means the distance that customer needs to go from a point to
use the service or buy a product. In addition, the ability to inform customers about the
locations of gas stations under its brand, the distance to go that station, and the time
needed for travelling is a useful service that a brand should provide to customers for
assisting their decision making. Hence, employing information system in assessing
direction, distance, and traveling time can help oil companies provide valuable
information to customers.

In more detail, looking at the statistics of the number of gas station in
Thailand from 2006 to 2008 in Table 4.1, it is found that the number of gas station
continuously increases. By contrast, there are 18,902 gas stations in 2008 which
increased from 18,534 in year 2007 or 1.98% growth. In Bangkok metropolitan region,
the number of gas stations increased at the moderate rate of 1.27% during years 2007-
2008. Most gas stations are concentrated in Bangkok with total number of 892 stations
in 2008. The Second is Pathumthani with 215 stations. The Third is Nonthaburi with
211 stations. The last one is Samutprakan with 197 stations. The total number of gas
station in Bangkok metropolitan regionis 1,515 in 2008 as compared with 1,496 in
2007. The growth is 1.27% per annum as shown in Table 4.1

Table 4.1 The number of gas stations from 2006 to 2008 (Department of Energy
Business, 2008)

. Number of gas stations .

District name 2006 20%7 2008 % Diff 07/08
Bangkok 868 903 892 -1.22
Nonthaburi 170 200 211 5.50
Samutprakan 166 175 197 12.57
Pathumthani 209 218 215 -1.38
Bangkok metropolitan region 1,413 1,496 1,515 1.27
All over Thailand 17,993 | 18,534 | 18,902 1.98
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Gas station has a role as a representative of each company which offered
various types of service. The competition between companies for building up quality
makes specific characteristics inside their brands in order to have an advantage over
the competition. The customers’ behavior has changed because they don’t focus on
only price but also consider other factors that have an impact on customers decision
for example minimart, car washing service, toilet etc. These forms of service respond
to customer’s requirement (Prasatkeaw, 2007). The service quality is so important that

making service different from other competitors can impress the customer.

4.2 Data Analysis

The data analysis for obtaining the closest distance from a customer to the
nearest gas station was designed and developed by using ModelBuilder. The
developed model comprises three stages. First of all, the model needs to know
coordinates of customers to be used as beginning points. The second stage is to allow
customers to choose, from prepared brands, the brand of gas stations that they prefer to
go so that the nearest distance to a gas station of that brand can be analyzed. Finally,
the last stage of the model is the process to calculate the distance to the nearest gas

station of that selected bran. Details on model development are as follows.

4.2.1 Randomization of Customers’ Coordinates

In order to analyze for closest gas stations without bias, coordinates of
customers need to be randomized. Randomized coordinates of customers within the
area of Bangkok metropolitan region were obtained by using Hawth’s Tools. These
coordinates are important, since they will be used as beginning points for determining
SLA of gas stations on the road network. The analysis of closest distances from these
coordinates to required brands of gas stations will derive average distance between
nearest gas stations of the same brand. Results from the randomization will also yield
number of customers that can access each gas station.

Hawth’s Tools needs to be installed prior to being used with ArcGIS.

Installation procedure of the tool is illustrated in Figure 4.2.
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H [Hawths Analysis Tools Installation

This program will install [or uninstall] Hawth's Analyziz Tools for ESRI
ArcGlS on pour system.
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ArcToolg] are currently open before proceeding. wou must have
adminiztrative privileges on your system to inztall or uninstall this
software.

& Install Hawth's Analyziz Tools [the existing version installed on
thiz spstem will automatizally be uninstalled.)

" Uninstall Hawth's Analysis Tools

MNext > E it

Figure 4.2 Procedures for installing the Hawth’s Tools

After completion of the installation, the Hawth’s Tools had not yet been
available to be used. The researcher needed to select the Hawth’s Tools from list of
Extensions of ArcGIS before the ToolBox of Hawth’s Tools will be ready to use. The
researcher used Generate Random Points function of this tool to randomize

coordinates of customers as shown in Figure 4.3

etwork Analyst ¥ | B |

I

v L 27 | xToospro v (] > € | HawthsToos » £ &0 -
@ @ ¥eozn oM 0 k O &4 analysis Tools

Animal Movements

Kernel Tools

Raster Tools

ﬂ Create Random Selection Sampling Tools

E Random Selection Within Subsets Table Tools

Generate Random Points
Generate Regular Points
E Conditional Point Sampling Tool
Create Wector Grid (linefpaolygon)
E Create Sample Plots (various shapes)

E Yector Geometry Randarn Ikerative Spatial Resampling
Generate Randorm 30 Points

Weckor Editing Tools

A A N Y B A .

Specialisk Toals
4 Check for updates. .,

About, ..

Figure 4.3 Generate Random Points function of Hawth’s Tools
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In order to derive point features of randomized coordinates, the
randomization process requires a polygon feature to be used as boundary of those
randomized points that represent locations of customers. The polygon feature used
here was the boundary of Bangkok metropolitan region, which is the study area of this
research. With Hawth’s Tools, the researcher was able to specify any number of
customers for studying. The process resulted in locations of customers that distributed
randomly throughout the study area. Figure 4.4 shows the procedure of using Generate
Random Points function of Hawth’s Tools to generate randomized locations of

customers.

H |Random Point Generation @

Input

Reference laver:
% Polygon layers {points generated within allselected polygons)
" Raster layers {points generated within extent of layer)

Select layer: |MEt“:'—':'m"i"'EE ﬂ

-

[~ Prevent points from occuring in the polygons of this layer:

[~ |

Minirmurn distance between points

[~ Enforce minimum distance between points: ’7
P

-

Sample Size
Unstratified sampling design:

* Generate this number of random points: =)

Stratified sampling design:

Palygan unigue ID field: J

™ Generate this number of points per polygon:
" @enerate this density of points per polygon:

" @enerate number of points per polygon specified in this Field:

Dutpuk

Output shapefile:

|E:'l,ProjectGIS_Random'l,cthD.shp @I
‘Web Help a1 Exit.

Figure 4.4 Procedure for generating randomized coordinates of customers

After completion of the randomization process, the resulting point features
will appear as shown in Figure 4.5, which was the result from randomization of 50
locations of customers within the area of Bangkok metropolitan region. The output

point features are in the Shapefile format.
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Figure 4.5 Resulting coordinates of customers from randomization process

Numbers of customers that were generated by randomization process were
specified as 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1,000, 2,000, 3,000,
4,000, 5,000, 6,000, 7,000, 8,000, 9,000 and 10,000 respectively. It was expected that,
by increasing numbers of customers gradually, the calculated distances from
customers to gas stations will convert to a specific number, which represents average
distance from any customer to access a gas station of the specified brand. Note that the
randomization in this research is based on only one replication. Therefore, the
calculated SLA is the upper-bound of the accessibility. To compute the confidence
interval of SLA, more replications will be needed to derive the distribution of their

mean and standard deviation.

4.2.2 Creating the Network Dataset

Prior to analyzing the road network by using Network Analyst Extension
of ArcGIS, a Network Dataset is required. Analysis of appropriate route uses distance
data for route analysis according to predefined properties of the Network Dataset. To
analyze for the shortest distances, coordinates of customers were beginning points of
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the analysis, while coordinates of gas stations were ending points. Predefined

properties of the Network Dataset were described below;

e Limitations of the route, such as one-way driving only. For this analysis

system, routes of the roads were defined as either One-way or Two-way.

e Levels of roads, such as highway, superhighway, main road, soi (minor
road), etc. For this analysis system, all roads were defined to be the same

level.

e Height of roads, such as bridge, express way, etc. For this analysis

system, height of roads was not defined.

e Direction of driving. This property is used to define the extent in
driving direction. For this analysis system, roads’ names were used as the

unit of direction to be displayed.

4.2.3 Geodatabase

An ArcGIS geodatabase is a collection of geographic datasets of various
types held in a common file system folder, a Microsoft Access database, or a multiuser
relational database (ESRI, 2010). The geodatabase contains three primary dataset
types, namely, 1 Feature classes, 2 Raster datasets, and 3 Tables.

1) Feature class is a table with a shape field containing point, line, or
polygon geometries for geographic features. Each row is a feature.

2) Raster dataset contains raster which represents continuous geographic
phenomena.

3) Table is a collection of rows, each containing the same fields. Feature
classes are tables with shape fields.

Creating a collection of these dataset types is the first step in designing and
building a geodatabase. Users typically start by building a number of these
fundamental dataset types. Then they add to or extend their geodatabase with more
advanced capabilities (such as by adding topologies, networks, or subtypes) to model
GIS behavior, maintain data integrity, and work with an important set of spatial
relationships.

Geodatabase storage includes both the schema and rule base for each

geographic dataset plus simple, tabular storage of the spatial and attribute data. All
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three primary datasets in the geodatabase (feature classes, attribute tables, and raster

datasets) as well as other geodatabase elements are stored using tables. The spatial

representations in geographic datasets are stored as either vector features or as rasters.

These geometries are stored and managed in attribute columns along with traditional

tabular attribute fields

A feature class is stored as a table. Each row represents one feature. In the

polygon feature class table (shown in Table 4.2), the Shape column holds the polygon

geometry for each feature. The value Polygon is used to specify that the field contains

the coordinates and geometry that defines one polygon in each row

Table 4.2 Geodatabase storage in tables and files

| OBJECTID | SHAPE' | AREA | PERIMETER | HEWC_LUS4 UTM_
q 1941 | Palygan 14175401 11841 867 2
1842 |Polygon 32133203 31450269 3

B 1943 | Polygan 18495725 109063 23 4
B 1944 | Palygan 27419616 3101 4026 5
B 1945 | Palygan 3531471 B9 3409 4033 B
B 1946 | Palygan 136670 41 1542 3058 7
B 1847 | Polygon 86315 867 11706542 8
B 1943 | Polygan 58569234 1058 4951 g
B 1949 | Palygan 126296 43 16302514 10
B 1850 | Palygan HTTIET B 11357 415 11
B 1851 | Palygan 126567 95 1436.1949 12
B 1952 | Palygan 13107953 1655.1431 13
[ ] 1853 | Polygon 29051224 116835 71 14
B 1954 |Polygon 851969 69 46405933 15
B 1955 | Palygan 159941 56 1732 4756 186
] 1956 | Palygan 195032 53 1934 5439 17
B 1957 | Palygan 50374 406 595 4531 18

4.2.4 Procedures for Working on ModelBuilder

This research used ModelBuilder as a tool for developing the analysis

system that was used to search for the nearest gas stations. The diagram in Figure 4.6

illustrates procedures for finding the nearest gas station to a random customer. These

procedures can be explained according to order of objects in the model as follows.
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Figure 4.6 Procedures of the analysis system in searching for the nearest gas stations

-

Add Join

Legend

i

N Parameter

1) Road

This object is from the prepared Network Dataset. It is used for route
analysis. This research used road data within the area of Bangkok metropolitan region.

2) Output layer name

This object is for the filename of the output data.

3) Gas station

This object is for choosing the brand of gas stations to be searched by user



Narasak Muangkaew Results and Discussions / 34

4) Random Point

This object is for the filename of point features that represent customers’
locations.

The next step is to calculate the shortest travel distance between a random
customer to the nearest gas station. It begins by using coordinates of customers as
starting points and the nearest gas stations on the road network as ending points or
destinations. The process will yield information of the nearest gas station and the
distance. Details of these procedures are explained below.

5) Make Closest Facility

This is the tool for creating nearest facility. There are two steps for this
procedure, namely:

e Facility. This tool is for defining locations of facility of interest. For

this research, this object is set to be locations of gas stations.

e Incident. This tool is for defining locations of incident places. In this

case, this object is set to be locations of randomized consumers.

6) Add Locations

This tool is for importing data. The imported data in this case is data on the
location of gas stations, which has been saved in the Facility procedure.

7) Add Locations (2)

This tool is for importing data similarly to the previous procedure.
However, the imported data here is the locations of consumers, which has been saved
in the Incident procedure.

8) Solve

This procedure is for finding the nearest gas station by using Dijkstra’s
Algorithm.

9) Select Data

This procedure is for selecting the route that has been processed so that the
route can be displayed. This route refers to the route from customers to the nearest gas
station.

10) Add Field

This tool is for adding the Kilometers field in attribute table of route data

in order to contain distance information, which is shown in kilometer.
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This tool is for joining attribute table of Facility with attribute table of

Route.
12) Calculate Field

This tool is for calculating a field with required operation. For this model,

we use this tool for converting distance unit from meter into kilometer. This requires
the field to be divided by 1,000. The field that this tool was implemented was

CFRoutes.Total_Meters. Thus the formula for calculating the field of shortest distance

to the nearest gas station in kilometers is [CFRoutes.Total _Meters]/1000.

After completion of developing the research tools by using ModelBuilder,

they are ready for the analysis. Figure 4.7 presents the windows of the developed

toolbox for analyzing distance to the nearest gas station. Objects in this toolbox

included:

1) Random customer points

2) Gas stations

3) Road network

4) Output layer name

is for importing data of customers’
locations.

is for specifying the brand of gas stations
to be searched for.

for choosing road network that has been
defined. This research used main roads
and secondary roads in Bangkok
metropolitan region.

is for specifying the name of the output
layer.

e

AEE)

g Random customer points

g Gas stations

3

g Road network

< &

Cutput laver name

3

| Closest Facility

94 |

Cancel

| En\-'ironments...| Show Help == |

Figure 4.7 Interface of the developed tools to find the nearest gas station
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4.3 Procedures for Assessing Levels of Service

In order to assess the average shortest distance to gas stations, the
researcher tested by determining various numbers of randomized locations of
customers; starting from 50 customers and increasing gradually to 100, 200, 300, 400,
500, 600, 700, 800, 900, 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000
and 10,000 respectively. Coordinate information of customers were used as the
beginning points for finding shortest distance to the nearest gas stations of a specified
brand. Tools for this analysis are shown in Figure 4.8. There were two methodologies
for the test: the first methodology is finding average distances to the nearest gas
stations of each brand; and the second methodology is finding the average distance to
the nearest gas station of any brand. Details of these methodologies are explained

below.

4.3.1 Finding the Average Distances to the Nearest Gas Stations of
Each Brand

The analysis for finding distances to gas stations of each brand is aimed to
measure accessibility of customers to the nearest gas stations of each brand by using
distance from a random customer to gas station as the measure. With this approach,
each customer is assumed to choose the nearest gas stations for all 13 brands. The
search will start by finding distance from the customer to the nearest BANGCHAK
gas station. The distance will be recorded. Then the procedures will be repeated for all
remaining brands until all the 13 brands have been searched. This approach gives
information about distances to gas stations of each brand.

Results from finding nearest gas stations are shown in Table 4.3. Results
are different depending on numbers of customers and brands of gas stations. This
figure shows the result of finding distances from coordinates of 50 customers to their

nearest respective BANGCHAK gas stations.
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Table 4.3 Distances from 50 randomized customers to their respective the nearest
BANGCHAK gas stations

B | Attributes of Routes

| IncidentiD | Total_Meters | Kilometers | ObjectiD Name |
r 1 397.340581 3973 7 amniudmshsiuinemn
L 2 3595.883636 3.5959 45 [amnivsmesthifunann
L 3 6718.049881 6.718 174 [aniiusonsihsiunaan
L 4 4892.898744 4.8929 86 amfiusmsthaiunamn
L 5 12634.891324 12.6349 94 amfiugmsthaumann
| 6 10808.974014 10.809 29 amiudmshsiuinamn
L 7 2459137874 2.4591 73 amifiugmsthsiumann
L 8 2320.778813 2.3208 177 [anifiusonsihsiunaan
L 9 6352.893432 6.3529 157 [amifiusrsihsiunaan
L 10 4187.012902 4187 51 amfiugmsthsiumann
| 11 6765.616436 6.7656 65 amiudmshsiuinamn
L 12 5178.744713 5.1787 86 amfiusmsthaiunamn

13 1274.128198 1.2741 67 amiiugmsthiunann v

< »
Record: ﬂj’—ljﬂ Show: W Selected Records {0 out of 49 Selected) Options =

As shown in Table 4.3, the results comprise several field names.
IncidentlD is the field of customers’ locations. Total_meters is the field of distances in
meter. Kilometers is the field of distances in kilometers. ObjectID is the field of gas
stations’ codes. Lastly, Name is the field of gas stations’ brand names. For example,
row 2 of the table contains information of customer number 2 who can access the
nearest BANGCHAK gas station at a distance of 3,595.88 meters, or about 3.60
kilometers.

Results from the experiment to find the nearest gas stations for all 13
brands with increasing numbers of randomized customers (50, 100, 200, 300, 400,
500, 600, 700, 800, 900, 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000
and 10,000) are shown in Table 4.4.
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Results in Table 4.4, can be explained by using PTT and Shell gas stations
as the two illustrative examples:

1) PTT gas stations

During the early stage of the experiment, with numbers of customers
increasing gradually from 50 to 1,000 customers, the average distances from
customers to the nearest PTT gas stations ranged between 5.7 - 6.42 kilometers, while
standard deviations ranged between 3.65 - 4.44 kilometers. The trend of these
averages and standard deviations appears to be varying in this early stage, which
implies fluctuation of distances from customers to PTT gas stations. However, in later
stage, with number of customers increasing from 2,000 to 10,000 customers, the
distances seem to be steady, with little fluctuation.

2) SHELL gas stations

During the early stage of the experiment, with numbers of customers
increasing gradually from 50 to 1,000 customers, the average distances from
customers to the nearest Shell gas stations ranged between 7.31 - 9.12 kilometers,
while standard deviations of the distances ranged between 5.02 - 5.29 kilometers. It
can be seen that the trend of these averages and standard deviations appears to be
varying in this early stage, which implies fluctuation of distances from customers to
Shell gas stations. However, in later stage, with number of customers increasing from
2,000 to 10,000 customers, the distances seem to be steady, with little fluctuation.

The researcher made the comparative analysis of accessible distance to
PTT and Shell gas stations. The main reason for PTT to have less average shortest
distance than Shell stations is because of its larger numbers of 311 gas stations as
compared to 193 of Shell gas stations. The difference of 118 stations does matter in
terms of the reduction in the average nearest distance from 8.62 kilometers in the case
of Shell down to 6.08 kilometers in the case of PTT at the 10,000 randomized
customers. The variation in the mean, measured by the CV, is rather similar. PTT
shows CV at 73.25% whereas it is 71.26% for Shell.

The resulting average distances for individual gasoline brands in Table 4.4
were plotted on graphs in Figures 4.8 to 4.20, to observe the convergence of the
simulation. The X-axis represents the number of randomized customers. The Y-axis
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represents the number of average nearest distances. It can be seen clearly that the

number of randomized customers affects the results.
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Figure 4.10 Average distance from a random customer to the nearest ESSO gas
stations
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Figure 4.11 Average distance from a random customer to the nearest SHELL gas
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Figure 4.12 Average distance from a random customer to the nearest CALTEX gas
stations
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Figure 4.13 Average distance from a random customer to the nearest PETRONAS gas
station
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Figure 4.14 Average distance from a random customer to the nearest SUSCO gas
stations
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Figure 4.15 Average distance from a random customer to the nearest TPI gas stations
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Figure 4.16 Average distance from a random customer to the nearest MP gas stations
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Figure 4.17 Average distance from a random customer to the nearest PT gas stations
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Figure 4.18 Average distance from a random customer to the nearest MOBIL gas
stations
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Figure 4.20 Average distance from a random customer to the nearest PETROASIA

gas stations

The graphs indicated that during the earlier phase with 50-1,000 random
customers, the average distances are going ups and downs irregularly. In other words,
it is not in the steady state. Then, the researcher started to increase the number of
customers gradually to reach 10,000 customers in order to determine the convergent
point to the steady state. As shown in the graphs it may be concluded that 10,000
customers should be used as the reference in this random sampling because the
average distance started to remain stable at 5,000 customers. Therefore, using 10,000
customers for random sampling would be rather safe to produce reliable results.

Alternatively, a smoother graph may be plotted. The distance is averaged
over each step of the incremental number of a randomized customer, rather than at the
big jump. In other words, the moving average of the successive distances is computed.
The results are then plotted versus the number of random customers on the X-axis.
ArcGIS is used to plot these graphs as shown in Figures 4.21-4.33.
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Figure 4.21 Average distance at different number of randomized customers, PTT case
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Figure 4.25 Average distance at different number of randomized customers, CALTEX
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Figure 4.26 Average distance at different number of randomized customers,
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Figure 4.28 Average distance at different number of randomized customers, TPI case



Fac. of Grad. Studies, Mahidol M.Sc. (Tech. of Info. Sys. Management) / 53

MP

B L

i)

o

0 &0 1000 1§0 2000 2500 3000 3500 4000 400 5000 5500 6000 G500 70D 7EOD BP0 BSN  9000 9500 10,000
Mumber of random customers

Figure 4.29 Average distance at different number of randomized customers, MP case
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Figure 4.33 Average distance at different number of randomized customers,
PETROASIA case

From Figures 4.21-4.33 revealed outcome from the cumulative average
distance for each brand at various randomization. Experimental results indicated the
necessities for using large numbers of customers in random sampling because small
number customers provided non-stable results. Again, observe that the graphs in
earlier phase (50-1,000 customers) fluctuated very much. Using the cumulative
average distance yielded clear trend. By increasing the number of customers from
5,000 to 10,000, it was found that the graph started to remain stable in all brands.
Therefore 5,000 customers should be used as the reference data. However, the
researcher had increased the random samples to 10,000 customers just to ensure the

convergent results.

4.3.2 Finding the Average Distance to the Nearest Gas Station of All
Brands

The analysis for finding the average distance to the nearest gas station of
all brands has a purpose to determine accessibility to the nearest gas station, regardless
of brands, from customers’ locations. This approach allows the researcher to assess the
coverage of each gasoline brand within Bangkok metropolitan region. This
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information is useful for examining the relationship between the number of their gas
stations and the service coverage.

Therefore, the researcher has analyzed levels of services of gas stations of
all brands. By randomly selecting their locations, numbers of customers were
increased gradually from 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1,000,
2,000, 3,000, 4,000, until 10,000 random customers as shown in Table 4.5
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From Table 4.5, the results from analyzing accessibility of customers to
services of gas stations of all brands revealed that:

1) Number of gas stations affected accessibility of customers; the higher
numbers of customers, the more chances that customers can use the services.

2) In order to achieve steady data of accessibility to gas stations, there
need to have the greater random number of customers.

3) The percentage share does not change much as the number of random
customers grows beyond 5,000.

4) Observe that the mean of distances tends to increases as the number of
random customers increase. The trend is rather persistent with all gasoline brands.
Possibly, this has something to d o with the distribution of the gas stations and
randomized customers. In this study, the customers are generated by a uniform
distribution. However, the location of gas station is spatially distributed, not
necessarily uniform.

Figure 4.34 showed the graph of average distance based on the 10,000
random customers. It looks at average distance to the nearest gas station of each brand.
There are gas stations that have the distance at less than 10 kilometers, namely, PTT
(6.08 Km), BANGCHAK (6.14 Km), ESSO (7.42 Km) and SHELL (8.62 Km).
Meanwhile the brand with average access distance between 10 to 20 kilometers
consists of CALTEX (10.37 Km), PETRONAS (14.79 Km), MP (15.14 Km), SUSCO
(15.14 Km), TPI (15.25 Km) and PT (18.54 Km). For the average access distance
more than 20 kilometers, there are COSMO (23.71 Km), MOBIL (25.79 Km) and
PETROASIA (31.96 Km) respectively. Findings from the figure indicated the
tendency such that the more number gas stations likely leads to the shorter accessible

distance.
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Figure 4.34 Average distance by gasoline brand based on the customer randomization
at 10,000 customers

By performing the statistical analyses on the shortest distances to all

brands, Table 4.6 summarizes descriptive statistics.

Table 4.6 Summary of the descriptive statistics on the average shortest distance of

10,000 randomized customers

Gas Station Customer Customer | Min Max | Average | SD Ccv
() | (Km) | (Km) | (Km) | (Km) | (%)

PTT (311) 2,690 26.97 0.01 23.39 4.04 332 | 85.91
BANGCHAK (205) 2,449 24.56 0.02 19.53 5.04 3.80 | 75.00
ESSO (198) 1,344 13.48 0.00 16.69 4.45 4.27 | 88.12
SHELL (193) 854 8.56 0.01 1157 2.74 2.38 | 82.73
CALTEX (148) 830 8.32 0.00 12.53 2.98 2.04 | 69.00
PETRONAS (74) 234 2.35 0.04 7.21 2.16 1.18 | 69.01
SUSCO (26) 321 322 0.08 11.56 4.16 2.84 | 66.68
TPI (21) 380 3.81 0.00 10.82 3.87 225 | 57.61
MP (17) 605 6.07 0.17 15.42 5.02 291 | 62.48
PT (14) 145 1.45 0.17 12.95 451 320 | 75.54
MOBIL (5) 44 0.44 0.11 6.44 3.62 1.22 | 38.96
COSMO (4) 63 0.63 0.05 11.15 5.43 291 | 61.42
PETROASIA (2) 14 0.14 0.44 4.65 2.02 1.10 | 72.06

Notation: the numbers in brackets are the number of respective gas stations.
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From Table 4.6, it is explainable that the level of accessibility to individual
brands is influenced by the number of gas stations. That means the customers have
better accessibility to the brand with higher number of gas stations. This experiment
found that the highest accessibility brand was PTT, which could be the nearest gas
stations accessed by 2,690 customers, or 26.97% of all customers, followed by
BANGCHAK, with 2,449 customers (24.56%) and ESSO, with 1,344 customers
(13.48%) respectively. The researcher has noticed that the number of PTT gas stations
(311 stations) differ from number of BANGCHAK gas stations (205 stations) for 106
stations. However, numbers of customers that can access their stations differ for only
58 customers, which is rather marginal. Too many does not always guarantee much
better accessibility. Meanwhile, if comparing with ESSO gas stations, number of gas
stations of BANGCHAK was higher than ESSO (198 stations) for only 7 stations, but
number of customers who can access these brands differ for as much as 1,105
customers.

The researcher provides two plausible explanations. First, it is possible that
the location does matter the accessibility. BANGCHAK may be situated in the better
locations which enable them to have shorter accessibility. Second, it is also possible
that the distribution causes such a phenomena. Likes most convenient stores, the
gasoline company may open a new station not always because of the desire to have
better coverage, but often based on sale volumes or number of customers. The
motivation is that the current station may not be able to be expanded due to space
limitation. Therefore, to reduce the queue of customers, the oil company decided to
locate the new station nearby to serve the excess customers. Consequently, the

distribution of gas station does not change much as the number of PTT station grows.
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Figure 4.35 The spatial distributions of PTT gas stations

Figure 4.36 The spatial distributions of BANGCHAK gas stations
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In Figures 4.35 and 4.36, the spatial distributions of PTT and
BANGCHAK gas stations are displayed. It may be observed that the distance between
PTT gas stations tend to be so close. To investigate this hypothesis, the researcher
derived the distance matrices all gasoline brands by GIS and computed their overall

means, SD and CV, as shown in Table 4.7

Table 4.7 Descriptive statistics of the shortest distances between gas stations

Number of | Non-zero | Average SD

O EDEIE stations cells (Km) (Km) Vi)
1 |PTT 311 96,410 28.33 14.39 50.79
2 | BANGCHAK 205 41,820 29.55 15.32 51.84
3 | ESSO 198 39,006 27.30 14.13 51.77
4 | SHELL 193 37,056 22.85 12.42 54.35
5 | CALTEX 148 21,756 24.79 12.84 51.81
6 | PETRONAS 74 5,402 22.72 11.00 48.41
7 | SUSCO 26 650 30.25 14.10 46.60
8 | TPI 21 420 34.50 18.16 52.64
9 | MP 17 272 37.93 20.78 54.79

10 | PT 14 182 40.69 21.72 53.37
11 | MOBIL 5 20 29.82 19.09 64.02
12 | COSMO 4 12 51.32 17.20 33.51
13 | PETROASIA 2 2 15.06 0.73 4.85

It may be observed that the average values of distance for PTT (28.33 Km)
and BANGCHAK (29.55 Km) are rather similar. Even though, the number of PTT
stations is much more than BANGCHAK. This may imply that the distribution of PTT
stations is not spreading by considering the coverage. Many stations are actually close

to each other.

4.4 Determination of SLA by Statistical Concept

For analyzing levels of service, the researcher used Microsoft Excel as a
tool to calculate statistical measures. Subsequently, the statistical concept is applied to
determine the SLA. Data of distances from customer locations to each brand of gas
stations was imported into Microsoft Excel for the analysis. The summarized Excel

file consisted of 8 columns as shown in Table 4.8. This example table presents
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distances from 10,000 random customers to their respective nearest PTT gas stations.
Details of each column are explained below.

Table 4.8 Distance data for SLA determination based on 10,000 random customers,

PTT case
Frequency distribution
Distance Count %G Cummalative % Upper

to travel (Km)| Lower (Km) Upper (Km) Fregquency Frequency  Fregquency  Bound % Distance (Km)
8.35 0 1 506 5.07 5.07 5 0.99
1.15 1 2 1261 12.64 17.72 10 1.43
4,63 2 3 1279 12.82 30.34 15 1.81
8.60 3 4 1081 10.84 41.38 20 2.18
2.00 4 5 G20 9,22 50.61 25 2.56
.46 3 6 810 8.12 38.73 30 2.96
11.85 6 7 724 7.26 £3.99 35 3.40
10.40 7 g 378 3.80 71.78 40 3.86
2.35 8 ] 529 5.30 77.09 45 4,37
10.28 9 10 422 4,23 81.32 30 4,94
2.87 10 11 358 3.59 84.01 55 5.53
2.19 11 12 305 3.00 87.97 a0 £.18
5.43 12 13 275 2.76 00.72 65 6.86
14.95 13 14 215 2.16 g92.88 70 7.70
11.05 14 15 200 2.01 04,89 75 8.58
6.65 15 16 145 1.45 96.34 80 9.66
6.51 16 17 105 1.05 97.39 83 11.02
21.09 17 18 88 0.88 08.28 a0 12.65
12.17 18 19 72 0.72 99.00 a3 15.05
g.10 19 20 32 0.32 09.32 a9 18.98
1.18 20 21 11 0.11 99.43 100 23.36

0.82 21 22 42 0.42 00.85

2.91 22 23 9 0.09 099,04

10.60 23 24 6 0.06 100.00

1) Distance to travel

This column shows data on the average shortest distances from each
customer location to the nearest gas station. The unit is in kilometer.

2) Lower

This column contains lower bound values of specified ranges of the
distances. The distances are divided equally with a range of 1 kilometer. This lower
bound values represent the minimum distance of the range that each customer location
fell into.

3) Upper

This is the upper bound values of specified ranges of the distances. This
upper bound values represent the maximum distance of the range that each customer

location fell into.



Fac. of Grad. Studies, Mahidol M.Sc. (Tech. of Info. Sys. Management) / 65

4) Count Frequency

This column is used to count number of customers whose distances to the
nearest gas station fell into the corresponding range. This value was obtained by using
the COUNTIF function of Excel to calculate for number of distance values in the
specified range from the respective cell in Distance to travel column. Each distance
was recorded in each range of distance data. For example, if the distance from a
customer to his nearest gas station is 1.5 kilometer, that distance is counted into the
range (Lower bound — Upper bound) of 1-2 kilometers.

5) Frequency

This column presents percentages of distance values that fell into the
range.

6) Cumulative Frequency

This column summarizes percentage of the range with percentages of all
the above ranges. The last row ends up with the percentage of 100%.

7) Upper Bound

This column is the specification of the upper bound of the distance that
used as the reference. This research will specify at the level 95% and 99%.

8) Distance

Distance is the column that shows the corresponding distance with respect
to the specific upper bound, by using the function called PERCENTIL. The
computation was carried out for upper bound between from 5% to 100%.

The researcher analyzes and estimates from the distance data of PTT gas
station by using Microsoft Excel, at the upper bounds at 95% and 99%. These results
are shown in the column named Distance. The results from this column can be used to
estimate the SLA.
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Table 4.9 Determination of SLA for PTT based on 10,000 random customers at upper
bound of 95%

Upper
Bound % Distance (Km)
5 0.99
10 1.43
15 1.81
20 2.18
25 2.56
30 2.96
35 3.40
40 3.86
45 4.37
50 4.94
25 2.53
o0 6.18
65 6.86
70 7.70
75 8.58
80 Q.66
85 11.02
a0 12.65
95 15.05
99 18.98
100 23.56

From Table 4.9, the researcher plotted the frequency distribution all data to
present in a bar chart as shown in Figure 4.37 to facilitate the understanding. The bar
chart consisted of two main parts namely:

1) Graph

The graph of distance data is represented in a bar chart format. X axis of
the graph refers to average shortest distances from customers to gas stations, while Y
axis refers to frequencies of customers that use the services.

2) Explanations

The explantions contained in the bar chart is used to explain relevant
information, which is divided into 2 parts as follows:

e Average This value is the average of distances from

customers to each gas station.

e Upper bound This value represents levels of upper bound that

each gas station can give promise of its service to

customers.
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The next step is to find average distance from all random customers to

their respective nearest each brand gas stations. The result from using statistics can be

explained as follows;

Minimum

Maximum

Mean

SD
Cv

refers to the minimum shortest distance a that customer
can access a gas station

refers to the maximum shortest distance from a customer
to the nearest a gas station

refers to the an average of the distances

refers to the standard deviation of the distances

refers to the coefficient of variation of the distances

% Frequency
14,00

Frequency distribution (PTT)

1200

1000 -

800

6.00 -

400 L

200 -

o000

Min 0.01 Km

Average =6.08 Km Max 23.56 Km
Mean 6.08 Km
sSD 4.46 Km
cv 73.25%

15.05 Km Upper bound 95%

18.98 Km Upper bound 99%

Figure 4.37 Frequency distribution of the average shortest distance to PTT gas

stations based on 10,000 random customers

Results from the previous analysis could be used as reference data to

determine the service level agreement at various upper bound for individual brands.

That means gasoline companies can determine the distance at which they can

guarantee services to their customers with pre-specified upper bound. The above
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procedures (Figure 4.37) were then repeated for analyzing distance data and determine

the SLA for the remaining 12 gasoline brands. Analysis results are shown in bar chart

format in Figures 4.38 to 4.49.

14.00
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10,00

200

% Frequency

Frequency distribution (BANGCHAK)

Min 0.20 Km
Mean 6.14 Km
sSD 4.19 Km
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Figure 4.38 Frequency distribution of the average shortest distance to BANGCHAK

gas stations based on 10,000 random customers




Fac. of Grad. Studies, Mahidol M.Sc. (Tech. of Info. Sys. Management) / 69

12.00

10.00

% Frequency

Frequency distribution (ESSQ)

Min 0.00 Km
Mean 7.42 Km
SD 5.30 Km

g00 —

600

400

000

cv 71.50%
16.69 Km Upper bound 95%

2551 Km Upper bound 99%

1 2 3 4 6 6 7|8 39 10 11 12 13 14 15 186 {7 15 19 20 21 22 23 24 25| 26 27 258 23 30 31 32 33 34 35 36|Gh

Figure 4.39 Frequency distribution of the average shortest distance to ESSO gas

stations based on 10,000 random customers
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Figure 4.40 Frequency distribution of the average shortest distance to SHELL gas

stations based on 10,000 random customers
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Figure 4.41 Frequency distribution of the average shortest distance to CALTEX

gas stations based on 10,000 random customers

Frequency distribution (PETRONAS)
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Figure 4.42 Frequency distribution of the average shortest distance to PETRONAS

gas stations based on 10,000 random customers
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Figure 4.43 Frequency distribution of the average shortest distance to SUSCO gas
stations based on 10,000 random customers
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Figure 4.44 Frequency distribution of the average shortest distance to TPI gas stations

based on 10,000 random customers
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Figure 4.45 Frequency distribution of the average shortest distance to MP gas stations

based on 10,000 random customers
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Figure 4.46 Frequency distribution of the average shortest distance to PT gas stations

based on 10,000 random customers
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Figure 4.47 Frequency distribution of the average shortest distance to MOBIL gas

stations based on 10,000 random customers
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Figure 4.48 Frequency distribution of the average shortest distance to COSMO gas

stations based on 10,000 random customers
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Frequency distribution (PETROASIA)
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Figure 4.49 Frequency distribution of the average shortest distance to PETROASIA
gas stations based on 10,000 random customers

Figures 4.37-4.49 showed the frequency distribution of the average
shortest distance for all 13 different brands of gas stations. In this case, 3 brands were
chosen for discussions, i.e., PTT, BANGCHAK and PETROASIA. For PTT and
BANGCHAK, the findings indicated the spreading of data gathering at the left side.
This implies that usually there is a gas station near the customer. It is coincided with
the earlier analysis outcome that large number of gas stations provided average shorter
accessible distance. Meanwhile, for PETROASIA in Figure 4.49, it shows the normal-
like distribution. By having only 2 stations the data does not skew much. On average
a customer may have to travel 31.96 Km. to find a PETROASIA gas station.

Table 4.10 summaries result from the analyses. The table compares SLA
in term of accessibility, at the upper bounds of 95% and 99%, based on 10,000 random

customers for all gasoline brands.
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Table 4.10 Service Level Agreement of all gasoline brands

Number Average sD SLA (Km) SLA (Km)
Brand of shortest (Km) upper bound | upper bound
stations | distance (Km) of 95 % of 99 %
PTT 311 6.08 4.46 15.05 18.98
BANGCHAK 205 6.14 4.19 14.32 19.44
ESSO 198 7.42 5.30 16.69 25.51
SHELL 193 8.62 6.15 19.96 27.69
CALTEX 148 10.37 8.61 28.91 38.64
PETRONAS 74 14.79 12.23 41.49 54.18
SUSCO 26 15.14 10.40 35.97 45.92
TPI 21 15.25 9.97 35.54 47.64
MP 17 15.14 8.03 28.70 38.35
PT 14 18.54 11.87 42.45 52.59
MOBIL 5 25.79 13.20 49.25 58.94
COSMO 4 23.71 11.05 44.06 53.02
PETROASIA 2 31.96 13.99 54.04 59.98

As an example, we explain results of PTT, the brand with the highest
number of gas stations and PETROASIA the brand with the lowest number of gas
stations. For PTT gas stations, the data showed that they may guarantee their service at
15.05 kilometers and 18.98 kilometers. That means, at the upper bounds of 95% and
99%, the average customer in anywhere within the area of Bangkok metropolitan
region will always find a PTT gas station located no further than 15.05 kilometers and
18.98 kilometers from his/her location respectively. For PETROASIA gas stations,
which had lowest number of gas stations, the guaranteed distance to service customers
were 54.04 kilometers and 59.98 kilometers, at the upper bounds of 95% and 99%
respectively. The customer in anywhere within the area of Bangkok metropolitan
region will always find a PETROASIA gas station located no further than 54.04
kilometers and 59.98 kilometers from his/her locations. The distances are very long
because PERTOASIA does not have many service gas stations (only 2) in Bangkok

metropolitan region.
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4.5 Summary

This research presents a concept and a calculation approach for
determining service level agreement (SLA) in the road network. The researcher
assume (for the case study of gas stations) that customers must travel on the
transportation network and use services of gas stations within the area of Bangkok
metropolitan region. The analysis method used Geographic Information Systems
(GIS), statistical principles, and probability concept for calculation. Results show that
distances from randomized locations of customers to the nearest gas stations reflect the
level of accessibility to the gas stations and extent of their coverage, based on the
assumption that each customer was pleased to use gas service of any brand. However,
more does not always guarantee significant higher accessibility. The result from
assessing levels of services of gas stations of each brand found that the location of gas

stations is also important in determining their service level agreement.
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CHAPTER V
CONCLUSIONS

Standard service is crucial in service-related businesses. Gas stations are
considered as business that provided services to customers that involved both service
providers and service receivers. Because each customer had different demand, it is
necessary to apply SLA for referencing both service providers and receivers. This
research assessed the accessible distance through the application of GIS and the use of
statistical approach to find the distance to gas station by conducting the analysis for
each brand and all brands.

Chapter 1 described the rationale of this thematic paper, the study
objectives, scope of study as well as expected results. Chapter 2 explained the
meaning of SLA as a contract between providers and clients. SLA has been widely
studied in many related researches. Chapter 3 presented the methodology for
determining the service levels by using gas stations as the case study. The
transportation network and other related data of Bangkok metropolitan region were
made available from the transportation FDGS. The customers’ locations were
determined randomly by GIS tools. The accessibility in terms of the shortest distance
from a customer to a gas station was calculated by using the Network Analyst. The
resulting shortest distances were analyzed by statistical methods to obtain the SLA at
various upper bounds. In chapter 4, results from the case study were explained and
discussed. The SLAs in terms of the accessible distance were calculated at the upper

bounds of 95% and 99%. In this last chapter, the thematic paper is concluded.

5.1 Determination of Service Level Agreement (SLA) by Geographic
Information System (GIS) and Statistical Concept

This research is aimed to study the computation of Service Level

Agreement (SLA) with its applicability in many businesses as long as they possess
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similar basic characteristics. In the study, the gas station was used as a case study and
the SLA is determined in terms of average shortest distance to the station on the road
network. The shortest distance is computed by using GIS technology. In order to
obtain the stable results, a large number of customers were randomly generated,
varying from 50 to 10,000. The results seem to convert at samples above 5,000 based
on series of average shortest distance. The statistical concept is applied to analyze the
average distance at certain level of upper bounds of 95 and 99%. The results are called
the SLA. Regarding the experiment, three major outcome can be drawn.

1) Numbers of customers and gas stations affected the distance for getting
services. In other words, small numbers of customers’ random sampling may result in
the non-stable accessible distance as being seen in Chapter 4 by the left-skewed
frequency distribution. By gradually increasing numbers of customers, the average
distance tends to convert, hence, it is in the steady state. Random sampling of 5,000
customers may be enough for use as the referencing data. However, the researcher
kept increasing the number of customers to 10,000, in order to observe the graph’s
direction. It is clearly observed that over 5,000 customers, the average distance are not
different very the much. This confirmed that 5,000 samples are sufficient for the
simulation.

2) In the case study of gas station, the results showed that, the more
numbers of gas stations leads to the shorter average accessible distance. Among 13
brands of gas stations, PTT had the most numbers 311 stations. After assessing SLA
and probability, the average distance was 6.08 kilometers which is the smallest
average distance. The researcher used the upper bounds at 95% and 99%. With PTT,
the SLA were 15.05 and 18.98 Kilometer at the upper bounds respectively. They may
be used to reference and guarantee services at PTT service stations.

3) Large numbers of service stations increased the customers’
accessibility. It was found that PTT had the most numbers 311 service stations,
followed by 205 BANGCHAK stations. For random sampling at 10,000, customers the
percentage share of a PTT stations being the nearest gas station to the random
customer would be 26.97% as compared to 24.56% of BANGCHAK. Interestingly, PTT
has 106 more service stations than BANGCHAK but only yielded the difference of

2.41% which considered quite low. Perhaps, PTT does not need further aggressive
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branch expansions in the Bangkok metropolitan region because the increasing level of
SLA is diminishing. Instead, PTT may focus its strategy on improving the service

variety and quality at its gas stations.

5.2 Applications of the Proposed Method to Determine SLA in Other

Businesses

The application of the developed method to determine SLA in other
businesses involves the distance data. Any business that distance to the customer
matters, the proposed method may be applied. Post boxes, ATM, convenient stores
and banking are some business examples. Determination of SLA in such businesses
would yield useful data, especially the sufficient numbers of service stations, and
approximate market share. The application of SLA concept may enhance the

competitive advantage of the business over the competitors.

5.3 Cautions and Suggestions

The researcher had gathered the following observations while conducting
this research;

1) The customers’ locations derived from randomly sampling could be in
the area with no road access. It was found that Nonthaburi had a specific area, called
Ko Kred which is an island in the middle of the river that can be accessed only by
boat. Then, the interpretation of results is generally true for area with road
accessibility.

2) Sometimes the locations of random customers are at the boundary of
the study area, which connected to surrounding provinces namely Pra Nakhon Sri
Ayuddhaya, Nakhonpathom, Nakhon Nayok, Chachoengsao, and Samutsakorn. Even
though there were roads connecting these areas, they are out of the consideration due
to the defined study area. Therefore, customers whose locations were in that bordering

area may not have any roads to accessing a gas station or they have to travel city
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bound to find a gas station. Although this seems to be unrealistic situation, such
occurring is rare during the randomization.

3) The customers’ location derived from random sampling with Hawth’s
tool that spread all over Bangkok metropolitan region may be misrepresented because
they were distributed evenly. The research recommended developing the tools that
could generate better representative. The idea to generate number of samples by the
ratio of population density is suggested.

4) This research did not consider travel time as a factor for finding service
levels. This is because the time data is highly dynamic according to speed on the road
which essentially varies by time of day. Such data input the time is hard to estimate
with precision. It is interesting to explore the possibility to utilize real time traffic data
to compute the SLA on the road network as the Intelligent Transportation System

(ITS) technology has become more popular.

5.4 Recommended Future Researches

It is expected that the following future research idea should be very
interesting and provide useful results:

1) This research studied only gas stations located within the area of
Bangkok metropolitan region. Further studies may attempt to perform analysis by
expanding the study area to cover the whole country and separate results by regions.
Thereby, the SLA by area may be specified.

2) Internet technology has been playing increasing roles in the daily lives.
Some crucial information should be developed based on the internet technology.
Thereby, the information on the road and locations of gas station may be obtained by
web service such as Google Map etc. By doing so, the need for a license of ArcGIS is
relieved since it is expensive. The internet-based system should be more effective and
accrued lower cost.

3) The development of a computerized program that could be used to
determine SLA is useful. This proposed concept in this research is readily available.

Many businesses can be benefited from such developed program.
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APPENDIX A
THE PROCEDURE FOR PREPARING THE SHAPEFILE OF
BANGKOK METROPOLITAN REGION

1. Open ArcGIS then add Thailand spatial data as Admin_Province.shp.
2. Open Attribute Table to select province data area (See Figure A.1).

[ 1
wrockrrow Il 2 W8 15 B W v O || rewieroch = 7] B -

EEHHEAE K

@

koML’ R

Figure A.1 Province data

3. Select Bangkok Nonthaburi, Pathumthani and Samutprakan Province

data area.

" Attributes of Admin Pravince 9 =113
| FiD | shape | oBJECTID_1 | OBJECTID [PROV_CODE| POLYTYPE| PROV NAMT PROV_NAME 4

¢ Elpoﬂygnn 1 110 1 e nmsanues KRUNG THEP MAHA NAKHON (BANGI
| 1 Polygon 2 21 1 awwmbnns SAMUT PRAKAN

| 2 Polygon 3 312 1w NONTHABURI
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= B Paolygon g 918 1 Hewm CHAINAT
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| 10 Palygon 11 1120 1.4828 vt CHON BURI

| 11 Polygon 12 1221 1.1835 zwas RAYONG
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< >

mocsre ta] 4 1 p|na]  show A sekees | mscerss o4 outof 76 seiecten) optiors = |

Figure A.2 Province attribute table
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4. Export Bangkok Nonthaburi, Pathumthani and Samutprakan Province

data.

= Untitked - Archap - Arcinfo
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Figure A.3 Export province data

5. Save as Metro_Province.shp.

Export Data

Expott: |Se|ected features

Use the same coordinate syskem as;
{* this layer's source data

" the data frame
~

Cutput shapefile or feature class:

E:\ProjectGIS_FandomiMetra Pravince shp

-

=

Cancel |

Figure A.4 to define output shapefile
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6. After the selection the spatial data of Bangkok metropolitan region will

be displayed.

*. Untitled - ArcMap - Arcinfo

File Edit Wiew Bookmarks Insert Selection Took Window Help
s EE oo | b |[resen | 2| & @ T3 K2 Hetworkanayst ~ | BB # .- [
prawing~ K 0 @2 | O A v [ CodiaNew [t Al B s u Ay By v v o ook~ B g W B ~ € | HawthsTos ~ [ & <=

witer =] b | #|7] o [ = | e | dl o gE|aensnees o koAl IE
E
£ Lavers

= O Admin_Pravince

Dispey | Seurce | Selecton aom 2w |

725604.41 1582781.721 Meters

Figure A.5 Bangkok metropolitan region
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APPENDIX B
THE PROCEDURE FOR PREPARING THE ROAD DATA
SHAPEFILE IN BANGKOK METROPOLITAN REGION

1. Open ArcGIS then add data of Thailand roads asroad.shp and
Metro_Province.shp file.
2. Open ArcGIS to add road.shp and Metro_Province.shp which are the

Thailand road data and Bangkok metropolitan region data.

3. Go to tab menu to choose Select by location function for select road
data (See Figure B.1).

“ Untitled - ArcMap - Arcinfo

Flle Edit Yiew Bookmarks Inssrt

hed& LB s v 28 & P N2 | neworkanabst v BB 2
Drawing = K (miRd ~lft -l Bz U A- B~ Fx v o gekrov B RS EH| B @ HowhsTods v [ & -

Editor ¥ [ g | Q@I M@eE T U kOodth HY

Set Selectable Layers..

Interactive Selection Method b

Ll

Dispiay | Source | Selection T 5

[Selects features using the location of features in another layer 658689654 673484.545 Meters

Figure B.1 Road network data in Thailand

4. Select data layer (road) to intersect with Bangkok metropolitan region
data layer (Metro_Province) in order to get only data of these areas
(See Figure B.2).
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=

Select By Location

Lets you seleck Features from one or more layers based on where they are
located in relation to the Features in another layer,

T wank bo:

|select Features from j
the Follawing layver(s):

[0 Mekra_Province

[ only shaw selectable lavers in this list
that:

|intersect

L]

the Feabures in this layer:

|® Metro_Province j

7 Use selected Features {4 features selected)

™ Applky & buffer to the Features in road

* | | =
Help oK I Apply ‘ Close ‘

Figure B.2 Select road layer data to intersect with Bangkok metropolitan region

5. This tool will be used to display Bangkok metropolitan region data

layer which has already been selected.

6. Export the road layer (See Figure B.3).

% Untitled - ArcMap - Arcinfo

File Edt View Bookmarks [nsert Selection Tooks Window Help
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Editor > Ak [ o = | Taraeti | =l [ G E AT PET Tk OGNS | &

= £ Lavers “ . o [
- Ella Copy

= B M X pemove
Open Attribute Table
Joins and Relates »

<@ Zoom To Layer

Visible Scale Rangs »
Use Symbol Levels
Selection »

Label Features

“F Convert Eeatures to Graphics. ..

Convert Symbology to Representation. .

Save As Layer File.., Export Data...

Properties..

e Metadata. .

Display | Source | Selection 0o uf & |

Save this layer's data as a shapefile or feature class -640235.633 1931344.766 Meters

Figure B3 Road network in Bangkok metropolitan region
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7. Save as Metro_Road.shp

r

Export Data

Export: |Selected features ﬂ

IUse the same coordinate syskem as:
{* this layer's source daka

" the data frame
~

Qutput shapefile or Feature class:

E:MProjectzlS_RandomMietro_Road. shp =

(0.4 | Cancel

Figure B.4 to Define output shapefile

8. The road data shown in Bangkok metropolitan region output.

Fle Edit view Bockmarks Insert Selection Iools Window Help
[ = = B L2l & 1813751 v 2 & & T Y KT neworkanalyst v BB
Drawing ~ R O~ A= ] Cordia New ~[0 -] B 7 u|Ar Sy E- 0~ 0 vtodspo 8 E = = @ | HawthsTooks ~ |
Editor ¥ b [ | [ | RaEN T PE B OB LS &
5 ; =

= £ Layers

= Metro_Road

= 0O road

Display -Euurce Selection an |y _,JJ
745976.33 1552255.409 Meters

Figure B.5 Road network in Bangkok metropolitan region
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APPENDIX C
THE PROCEDURE FOR PREPARING THE GAS STATION
SHAPEFILE DATA IN BANGKOK METROPOLITAN REGION

1. Open ArcGIS, then add more data of landmark.shp file which include
data of places in Thailand’s location such as Hospital, School etc. and
Metro_Province.shp file.

2. Open Attribute Table to landmark (See Figure C.1).

= Untitled - Archap - Arclnfo AEE]
Fle Edit Uiew Bookmarks Insert Selection Tocls Window Help
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Wisble Seale Range »
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“ZF Convert Features to Graphics. .
Corwert Symbology to Representation..
Data 3

Save As Layer File..

Praperties.,,

Display | Source | Selection

Cpen attribute table For this layer 2290783,467 2280877 547 Meters

Figure C.1 Landmark layer data

3. Select Attributes in order to choose data on each attribute which

needed.
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Figure C.2 Landmark attribute table

4. Use SQL command "NAME_E" LIKE '%SERVICE STATION'

order to select gas stations data (See Figure C.3).

=

Select by Attributes

tethod :

Enter aWHERE clause to select records in the table window.

|Create a new selection

“FID"

EtLtL

| o]

i ERE
*| o]

"OBJECTID"
“TYPE"

“NAME_
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"BRAMCH_T"

™
=

3=

Get Unique Values | Go To:

SELECT * FROM landmark WHERE:

Clear

"MAME_E" LIKE "25SERVICE STATION'

Werify |

Help |

Load... | Save... |
Apply | Cloge |

Figure C.3 Select gas station with SQL command

5. Program will select only Data of all gas stations data in Thailand as

assigned.
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FID | Shape* | OBJECTID | TYPE NAME_T NAME_“
» 1] Point 151 16 aeriudrathsurnamn BANGCHAK SERVICE STATION
al 5 Point 155 16 menfudmahduramn BANGCHAK SERVICE STATION
| | 37 Paint 187 16 amflusmahduenls ESSO SERVICE STATION
L 75|Point 22516 donfiLGnmindsed SHELL SERVICE STATION
| | 76 Point 22616 senfsmsihiunann BANGCHAK SERVICE STATION
| | 77|Point 22716 aeriudnnsihiuaes SHELL SERVICE STATION
-l 80|Point 23016 aonflusathdudan, PTT SERVICE STATION
L 81 Point 23116 amnfluSmaihdudan, PTT SERVICE STATION
| | 85 Point 23516 amﬁu%mﬁﬁwﬁuna_am COSMO SERVICE STATION
101 |Point 25116 senfsihiudiald SUSCO SERVICE STATION
: 102|Point 252 16 aeniiSmsthsiutlan. PTT SERVICE STATION
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< | >
) Recordi | 4[| 1 »|m|  Show: Al [Selected  Records (5625 out of 105468 Selected)  Optiors - )

Figure C.4 All gas stations data in Thailand

6. Export gas station data.

* Untitled - ArcMap - Arcinfo
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Figure C.5 Export gas station data

7. Save as All _Gas_Stations.shp.
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r

Export Data

Excport: |Selected features

Ilse the same coordinate swskem as:
{* this layer's source data

(" the data frame
~

Cutput shapefile or Feature class:

E:%ProjectGlS_Fandom'All Gas Station shp

L

o]

Figure C.6 to Define output shapefile

Cancel

8. Select Location in order to choose data on each attribute which needed.

* Untitled - Archdap - Arcinfo.
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Figure C.7 Select by Location

9. Select gas stations data layer (All_Gas_Station) tointersect with

Bangkok metropolitan region data layer (Metro_Province) in order to
get only data of these areas.
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@

Select By Location
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I want to:
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o | | e
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Figure C.8 Select gas station data layer to intersect with Bangkok metropolitan region

10.This tool will be used to display gas stations in Bangkok metropolitan

region.

11.Export gas stations data.
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Figure C.9 Export data
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12.Save as Metro_GasStation.shp.

3

Export Data

Export: |58|ected features j

Use the same coordinate system as:
% this layer's source data

" the data frame
~

Qutpuk shapefile or feature class:

E:\ProjectGl5_Randomhketro_GazStation shp =

814 | Cancel |

Figure C.10 to Define output shapefile

13.Gas stations data shown in Bangkok metropolitan region output.

* Untitled - ArcMap - Arcinfo
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Figure C.11 Gas stations data in Bangkok metropolitan region
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APPENDIX D
THE PROCEDURE FOR PREPARING ROAD NETWORK DATA
FOR NETWORK ANALYST DATASET

1. Open ArcCatalog to setup road data layer.
2. Create Road Network by clicking on Network, select New and then

select Network Dataset (See Figure D.1).

-3 ArcCatalog - Arcinfo - E:\ProjectGIS_Random\ProjectGIS_Random.gdb\etwork

Fie Edit Yiew Go ook Window Help

& 53 B X% (=9 1 Na - v
Location: [E:\ProjectGilS_Random'\ProjectBIS_Fandom. gdbtHetwrk ~|
Styleshest
x|| Contents | Freview | Metadata |
) Catalog
=@l HNams | Type
(G D, EdMetra_Rroad File Georlatabase Feature Class
+ (@ EN
=@ EA\ProjectGI5_Random
BaseMap
= (1 FaDs

(1] GasStation
# (1 0ld Projectals_Random
(] Road

=I5 Project§IS_Random
) BaseMan
i+ L) Gasstation

Nieti=t-
" (<
1 0 Thumbs.c
0 [fl] outine
&) Outine X Delete
@ @ ProlRan  Rename -

Compress File Geodatabase. .

Uncompress File Geodatabase...

Add Global 10s..

Praperties... | —

Creates a new network dataset:

Figure D.1 Create new Network Dataset

3. Specify name of Network Dataset as Metro_Road ND (See Figure
D.2).
4. Click “Next”
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=

Hew Network Dataset

Thiz wizard will help pou build a network, dataset, A network, dataget iz built from feature
clazses which act az network. sources and have a connectivity policy and attributes
asgociated with them.

Enter a narme for your network, datazet:
Metro_Road HD

| Mext » | Cancel

Figure D.2 New Network Dataset

5. Click “Next”

=

Hew Network Dataset

Select the feature clazzes that will participate in the network, datagzet;

Metro_Road Select All
Clear Al

< Back | Mext » | Cancel

Figure D.3 Select the feature class

6. Select“No” because the research does not used road’s height for the

analysis data (See Figure D.4).
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@

HNew Network Dataset

Do vou want to maodify the connectivity with elevation field data?

* Mo

" Yes
Source End Field
Road From End
Road To End

Click in the Field column to set elevation fields.

¢ Back | Mext > | Cancel

Figure D.4 Set elevation fields

7. Click “Yes”

@

HNew Network Dataset

Do vou want to madel turns in this netvork?

" Mo
* “Yes

Tum Sournces;
=GElobal Turns:=

¢ Back | Mext > | Cancel

Figure D.5 Set turns sources
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8. Specify Network Dataset’s qualification by dividing into 4 categories

as follows;

e Cost is the data that stipulates route’s impedance. This research

assigns only the distance to travel. Was used in meter unit. It is used

to calculate the shortest path to travel.

e Descriptors are the data that stipulate route’s qualifications such as

Number of Road Lanes, Limit Speed on each road. However, this

research does not use this information.

e Restrictions are the data that stipulate specify the routes such as one

way lane, restriction of turnings etc. However, this research is

focused on data of one way lane.

e Hierarchy is the data that stimulate classification of routessuch as

highway, main road and lane. However, this research does not use

this information.

@

HNew Network Dataset

Specify the attributes far the network. datazet:

-

d

o

| @] Name | Usage

| Urits

| Daka Tvpe |

Meters Cast

@ Oneway

Restrickion  Linknown

Meters

¢ Back |

Doble
Boalean

Remove &l

Ewvaluatars...

Mext > | Cancel |

FLELLEDE B

Figure D.6 Specify the attribute for the Network Dataset’s properties
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9. Designate direction of transportation driving by click on “Direction”

@

HNew Network Dataset

Do vou want to establizh driving directions settings for this network datazet?

" Mo

* “Yes

'ou can uze the default Directions zettings or pou can click the Directions button
below ta specify the zettings. “rou can chanhge the direction settings now, or yau
can change them after the network, dataset has been created,

Directions. ..

¢ Back | Mext > | Cancel |

Figure D.7 to establish driving direction settings

10.Designate display unit as kilometer and display name of roads in
English (See Figure D.8).

=

Network Directions Properties

General 1 Shields] Buundary]

Directions Settings

Display Length Units Kilometers
Length Attribute Meters
Time Attribute

Road Class Attribute
Signpost Feature Class
Signpost Streets Table

Street Name Fields

SOUrCE: Road j

Rank Prefix Prefix Tvpe Mame Suffix Type Suffis

MAME_E

Number of Alternate Mames: o =

QK | Cancel | Apply

Figure D.8 Setting road name fields



Narasak Muangkaew Appendices/ 102
11.When assigning value in Network Dataset finished. User can see the

Network Dataset summary output. Click Finish to build the Network
Dataset.

=

Mew Network Dataset

Summary:

Mame; Road_MD e
Type: Geodatabasze-Bazed Metwark, Dataset 3

Sources:
Edge Sources:
Road

Connectivity:
Group 1:
E dge Connectivity:
Road [End Point)

Turms:
<Global Turkg>

Attributes:
Orneway:

< Back | Finizh | Cancel

Figure D.9 Summary

12.Processing Network Dataset.

Build Network Dataset

Building the network, dataset. .

[ ]

Cancel |

Figure D.10 Building the Network Dataset
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13.0nce finish creating Network Dataset, MetroRoad_ND file will be
appeared as to be used for analyzing the routes.

3 ArcCatalog - ArcInfo - E:\ProjectGIS_Random\ProjectGIS_Random.gdb\Network

File Edit Wiew Go Tools Window Help
=D ® | e BN =NE= 1 R=l )
Lacation: E-\ProjectG15_Random\ProjectGIS_Random gdbtHetwork |

Stylesheet:

x

Contonts | Previeny | Metadata |

? ;ta[ln\g Name | Type
6@ o1, Exlmetro_Road File Geodatabase Feature Class
+ @ i Metro_Road_\D File Geodatabase Network Dataset
=+ (@ Ex\PrajectGls_Random (2] Metro_Road_ND_Junctions File Geodatabase Feature Class
=+ [ BaseMap
-1 FeDs

(L] Gasatation
=2 Old ProjectGIS_Random
(] Road
=-£3) ProjectGIs_Randam
- BaseMap
1 K}yl Gasstation
=1 L Netwark.
Metro_Raad
! Metro_Road_ND
(] Metro_Proad_ND_Junctions
i 2 Thumbs.db
- outline
@) Qutline
- & Pro] Random
! @ Random
- RandomP]
1 (@ Eturork
(£ Database Connections
(5 Database Servers
(g8 GIS Servers
) A Interoperability Connections
+-{EN Search Resuks

File Feature Dataset selected

Figure D.11 Road Network Dataset in Bangkok metropolitan region
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