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ABSTRACT

The purpose of this study was to investigate the need to use high speed Internet in
Thailand. The results of this study was a tool for efficiently providing ADSL service.
Participants both had and did not have telephone lines. The random sampling method was
used to collect samples. The method started with randomly collecting data by Yamane’s
formula using 400 questionnaires. SPSS was used to analyze the data for arithmetic
percentage, mean, standard deviation, moving average, Pearson’s product moment correlation,

and stepwise multiple regression that was accounted for the prediction equation.

The results of this study showed that the variables that affected the percentage of
demand for the Internet usage in model 1 were the logarithm of the area that had been
authorized for construction, Telecommunication GDP, and Electricity GDP growth rate. The
model accuracy test results showed that the MSE=10.66 and MAPE = 17.9%. As for model 2,
the variable that affected the percentage of demand for the Internet usage is the percentage of
employees with the minimum qualification of a bachelor degree. This variable is the best
variable for this forecast as it was able to predict the Internet demand with the accuracy of
93.1%. The model accuracy test results showed that the MSE=3.94 and MAPE = 7.93%,
which could be written in the standard score equation of
P_POPUSENET=0.965(P_BECHEL_GRAD).
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CHAPTER |
INTRODUCTION

1.1 Background and statement of problem

In the last decade, the demands for high speed internet have increase
rapidly, today, that demand is expected to increase even more maybe exceed 550
Million in 2012 (Research and Markets,2009). This is due to the fact that internet play
important roles in today live. It is so important that nearly everyone needs it, because
internet is ubiquitous it allows rapid communication from every side of the world, it’s
allow huge data to be transfer in a matter of second or minutes. With all these
advantages, almost all sectors will need internet to aid them in their operation. For
example, school and university would benefit from having access to rich media
content, which facilitate the learning process of students. Business industry would
benefit from being able to communicate with branch office face to face, real time via
voice over IP. The potential of the internet is infinite for response user demand
changed. (Anastassios Gentzoglannis, 2005: Randall S. Sexton, Richard A. Johnson
and Michael A. Hignite, 2002).

Today, internet services provider are competing against each other by the
speed of the internet they offer. Signal modulation technique is the main key to
determine the speed of the connection via copper line. The most widely used technique
is Asymmetric Digital Subscriber Line (ADSL), the main feature of ADSL is the
upstream and downstream speed will always be different, usually downstream is
higher than upstream. ADSL (ADSL over Public switch telephone network (PSTN))
has the theoretical limited of downstream data rate 8 Mbps and upstream data rate
from 128-512 Mbps respectively. With ADSL, the internet can be used simultaneously
with the phone with no affect. In ADSL system, there are three frequency range in
used. One for PSTN and the other for upstream and downstream. Each of them has

their own frequency range, therefore, will not interfere with each other (Tanit
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Sahuannat and Suttisak Nuttakul and others. ,2002; Chaohuang Zeng,2001; Eric
Pimpler and Eric Cabading,2005; Daniel Won-Kyu Hong and Choong Seon Hong,
2003; David Greggains,1998). ADSL is a cost effective solution for general internet
usage. It can handle all type of data transferred, some examples are Hypertext Transfer
Protocol (HTTP) data, voice and video data, Virtual Private Network (VPN), Internet
Protocol television (IPTV) and many more. Some application such as voice and video
require high bandwidth usage which may exceed what ADSL can accommodate. This
problem can be fixed with the introduction of ADSL2 and ADSL2+ which will offer
maximum downstream up to 24 Mbps (Tanit Sahuannat, 2009; True Corporation
Public Company Limited (PCL), 2009; Vince Vitore, 2003). And foreign countries
developing Bonded ADSL2+ that links using multiple copper phone lines, which can
then be used to dramatically increase the bandwidth provisioned to subscribers via a
single Asynchronous Transfer Mode (ATM) data stream. Supporting services such as
broadcast video and video on demand (Aware, 2005), In the present more interesting
transition strategies that telecommunications carriers use to enter to the cable TV
market (Victor Glass and Sal Talluto, 2003) and construct high-speed backbone for
access network that apply fiber optic for transfer hi-speed internet directly to the
home/building, delivery as far as 100 km from the customer’s premises. (H.Stewart,
1999). At this speed, it is even possible to work from home. Employee can stay at
home and use the internet to connect to the office, meeting can be don though internet
as well.

Digital Subscriber Line (xDSL) are high speed internet technology which
will allow user to browse the internet at the speed from 128 Kbps to 52 Mbps
(currently the maximum speed offer by ISP in Thailand is 16 Mbps by True
Corporation PCL) and research result find out, hi-speed internet can transfer hi-speed
data rate and useful various that influencing factor for select service (Dungjai lumyai,
2007). With DSL system, there is no extra cost in dialing the phone like dial up
modem which means that other problems such as signal drop and line busy are
eliminated accordingly. Ministry of Information Communication Technology (ICT)
has promote the use of ADSL which cause the price of ADSL service to drop rapidly

which make very affordable for most consumer, from home use to enterprise. This is



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Info. Sys. Management) / 3

also beneficial to the Internet Services Provider (ISP) as well since they don’t have to
invent in the new infrastructure (ADSL works on PSTN), they also gain benefit from
having more customers. Sources reveal that the demand of ADSL service increases in
all area in Thailand after the price of ADSL services drop. However, problems arise
when the ISP cannot keep up these high demands of the consumer in all area, which is
quite normal as no ISP would be able to service everyone everywhere. They have to
prioritize the demand of each location whether it’s suitable to invest and install a
Digital Subscriber Line Access Multiplex (DSLAM) in that area. Moreover, they have
to consider the size of DSLAM and other essential equipment. In some location where
demand of ADSL is relatively low, the ISP can choose to install and ADSL co-modem
instead of a DSLAM in order to save cost.

Because of the problems above, researcher has incorporate Geographical
Information System (GIS) to aid displaying the result visually. With GIS, it is easy to
see the amount of ADSL user and density of the ADSL user in a selected area. GIS
can be used to study the demand of the ADSL as well, this information is useful for
strategic planning in expanding the ADSL services. The research conducted by Tony
H Grubesic and Mark W Horner, uses GIS to study about how to expand xDSL service
in rural area. Another researcher also uses GIS to study about how to expand xDSL
service in rural area in order to reduce digital divide in USA.

The researcher will use demand forecasting method for this research to
predict curtain data such as the amount of sale (based on history sale) so that
production plan and resource acquisition can be carried out proportionally to the future
demand. Researcher (Dijana Moc™nik and Karin Sirec, 2010) seeks to explain the
intensity of Internet use in terms of information and communication technology (ICT)
and other socioeconomic indicators. according to income. Using factor analysis and
regression analysis to estimate impact on Internet usage. And related with researcher
Sangwon Lee (2007) use both non-linear and linear regression analysis for estimates
broadband penetration of global broadband. These empirical studies find variable that
increase fixed broadband adoption. This study also might suggest that various demand
and supply side variables such as broadband speed, ICT infrastructure, internet use,

popular density, international internet bandwidth, content, and Institutional
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environment contribute to the global broadband adoption. And researcher Kim,Jin Ki
(2004) use regression analysis for find the characteristics of leading customer of high
speed internet user for diffusion of high-speed internet service. Researcher Watcharin
Peyasakul had used demand forecast to aid the production planning in agriculture
industry. The technique used in the forecast is Single exponential smoothing method.
And have research take demand forecasting for use power demand forecasting that
compose simple linear regression. (Onurai noohawm, 2001). Some research applies
Neural Network to predictive internet use and e-commerce (Randall S. Sexton,
Richard A. Johnson and Michael A. Hignite, 2002). And (So Young Sohn, Yoonseong
Kim and Ho Young Hwang, 2008) use demand forecasting for forecast hi- speed
internet but not consider time-varying that use exponential model

Mabhidol University doesn’t have any study about expansion of ADSL
service; therefore it is the researcher intention to research on ADSL service plan and to
acquire information regard the density of ADSL demand in both Bangkok
metropolitan area and in rural area. So that correct planning can be made in expansion

of ADSL service to various locations depend on the needs of each area.

1.2 Objective of the study

1. To understand the trend of high speed internet demand

2. To prioritize ADSL service

1.3 Scope of work

- Population Group is Thai population all region in the Thailand.
Populations is selected one province from each region that tax gathering conclusion
from The Revenue Department (2008) is taken into account; each province has good
economic, Participants are 11,282,085 person in total; Chiang mai, North of Thailand,
Nakhon Ratchasrima, North East, Songkhla, South and Bangkok, center of Thailand
(Department Of Provincial Administration, 2008).
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- Sample group for gathering questionnaires data composed of home
installed fixed line and not installed fixed line, that use Accidental Sampling method
400 sampling, the level of significant at 0.05 and 95 % of confident level calculate by
Yamane formula. Presenting demand trend wire line and wireless internet information
with ArcGIS 9.2 will appeal by province.

- Target area for gathering questionnaires data aspect in Chiang mai
province, Nakhon ratchasrima province, Bangkok and Songkhla province.

- Prepare questionnaires and gathering data from sample group both home
installed fixed line and not installed fixed line 400 Sampling. These questionnaires
composed of 5 parts as follow.

Part 1: Participants’ general information
Part 2: Data about using internet

Part 3: Data about using wire line internet
Part 4: Data about using wireless internet
Part 5: Problems and propositions

- Gathering data method used multiple methods by telephone and
distributes questionnaires in target area by investigator and assistant.

- Investigator was performed data collection during 20 November 2009 to
30 January 2010.

- Gathering questionnaire data and analyze, develop with application
program

1. Tool of display spatial data used Arc GIS 9.2 program
2. Analysis data used SPSS 16.0 for window
3. Prepare data used Microsoft Excel

- To calculate percentage of the demand trend to use high speed internet
including ADSL, FTTX, Cable Modem, CDMA and EDGE/GPRS from questionnaire
done by sampling group.

- Analyze data taken from National Statistical Office by using predicting
model. P_BACHEL _GRAD is independent variable and P_POPUSENET is
dependent variable. There are two dataset used to construct the model, the first set is

the historical data of internet usage in Thailand 10 years ago. Using the first 6 years
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(2543-2548) as the data to create the model and the later 4 years (2549-2552) to check
the accuracy of the model. The second set uses the same data as the first set but use the
first 8 years to construct the model and the later 2 years to check for accuracy.

- The model accuracy test by using the statistical analysis on the MSE,
MAPE and MAD.

- Variable in research. Note that some variable were transformed using
logarithmic, Inverse, SQRT function since data were positively skewed and

distribution is normal. Variable in research as follow (see Appendix B)

1.4 Expectation of study
1. ADSL service plan (as a result from Demand forecasting and GIS)
2. ISP can correctly plan and implement suitable network equipment

according to the demand of each area.

1.5 Specific Vocabulary

1. Asymmetric Digital Subscriber Line (ADSL) is a high-bandwidth
data communication technology that use new modem can change existing twisted-
pairs telephone lines (POTS, Plain Old Telephony System) to transport high-
bandwidth data. ADSL is one range of Digital Subscriber Line (DSL) technologies
(xDSL) that have special characteristic downstream rate more than upstream rate,
creating three information channels — a high speed downstream channel, a medium
speed upstream channel, and POTS channel for voice that allows both data and voice
to transmit over the same line.

2. ADSL Modem is a device to modulate signal which is adopted
Frequency Division Multiplexing (FDM) to create three information channels; a high
speed downstream channel, a medium speed upstream channel, and a Plain Old
Telephone Service (POTS).
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3. Traditional plain old telephone service (POTY) is a telephone system,
transfer voice data between user premise and telephone organization premise for
connect to terminal telephone number.

4. Public switch telephone network (PSTN) is fixed line telephone
network. Function is switching voice signal for telephone service.

5. DSL Access Multiplexer (DSLAM) mixes DSL services from different
subscribers premise into ATM virtual circuits. The DSLAM contains ADSL
Transmission Unit Central Office (ATU-Cs) where ADSL signals are multiplexed
onto a high-speed interface connected to an ATM network. The ATM network
provides access to the internet through ISPs or corporate network.

6. Splitter is an electronic low pass filter that separates the analogue voice
or Integrated Services Digital Network (ISDN) signal from ADSL data frequencies.
There is a splitter located at the central office and at the subscriber premise. The
splitters are totally passive devices requiring no power. This means that power outage
that stops the ADSL modem does not affect the telephones, which can operate
continuously. The splitter at the central office may be incorporated into the DSLAM or
a separate device.

7. Asynchronous Transfer Mode (ATM) is a high-speed, multiplexing
and switching protocol that supports multiple traffic types including voice, data, video,

and image.
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CHAPTER II
LITERATURE REVIEW

Documentary

2.1 Background ADSL

Asymmetric Digital Subscriber Line (ADSL) is one range of Digital
Subscriber Line (DSL) technologies (xDSL) that used new modem technology enable
change existing twisted-pairs telephone lines (POTS, Plain Old Telephony System) to

transport high-bandwidth data that use signal modulation technique. DSL has several

technologies. Performances of each technology (See table 1)

Table 2.1 Performances of internet technology

Name Meaning Data Rate Mode Max Applications
distance
(ft)
V.22,V.3 | Voice 1200 bps to Duplex Data
2,V.34 Band Modems 28,800 bps communications
DSL Digital 160 kbps Duplex ISDN service Voice
Subscriber Line and data
communications
G.Lite or | "Splitterless" From1.544 Down 18,000 The standard
DSL Lite | DSL without the | Mbps to 6 Mpbs feet on ADSL,; sacrifices
"truck roll" , 24 gauge | speed for not
depending on wire having to install a
the splitter at the user's
subscribed home or business
service
128 - 384 Kbps | Up
or depend on
ISP
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Name Meaning Data Rate Mode Max Applications
distance
(ft)
HDSL2 High data rate up to 1.5 Mbps Duplex 13200 Requires only one
Digital pair, extends the
Subscriber Line2 Duplex distance of standard
HDSL, no voice
service unless
a second pair of
wires is added.
SDSL Single line 1.544 Mbps Duplex 24000 Same as HDSL plus
Digital duplex on two premises access for
Subscriber Line twisted-pair symmetric services
lines;

2.048 Mbps Duplex

duplex on three

twisted-pair

lines

IDSL ISDN Digital 128 Kbps Duplex 18,000 Much slower than
Subscriber Line feet on other xDSL
24 gauge | platforms.

128 Kbps Duplex wire same as ISDN,
data-only service
and lacks analog
voice capability.use
2B1Q cable

CDSL Consumer DSL 1 Mbps Down 18,000 Home and small
from Rockwell downstream; feet on 24 | business service not
gauge requiring a splitter;
less upstream Up wire similar to DSL Lite.
ADSL Asymmetric 1.5 to 9 Mbps Down 9000 Internet access,
Digital video on demand,
Subscriber Line 16 to 640 kbps Up simplex video,

remote LAN
access, interactive

multimedia
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Name Meaning Data Rate Mode Max Applications
distance
(ft)
VDSL Very high data 13 to 52 Mbps Down 1000 Same as ADSL plus
rate Digital HDTV
Subscriber Line (High-Definition
15t02.3Mbps | Up TV),0on ATM
network

SHDSL symmetric, high up to 2.3 Mbps duplex 20000 Data-only platform,
rate Digital does not carry
Subscriber Line voice,

two pairs of wire
can be used to
extend reach, but
speeds degrade
severely with
distance.

(Al Jackson, 1998; Newton, 2001)

2.1.1 ADSL overview

Asymmetric Digital Subscriber Line (ADSL) is a high-bandwidth data
telecommunication technology that use new modem can change existing twisted-pairs
telephone lines (POTS, Plain Old Telephone System) to transport high-bandwidth
data. ADSL is one range of DSL technologies (xDSL) that has special characteristic
downstream rate more than upstream rate. Data transmit rate from ISPs to subscriber
premises is faster than user upload data to the ISPs (Al Jackson, 1998). ADSL has the
theoretical limited of downstream rate is 8 Mbps and upstream rate is 128 -512 Kbps.
Data rates depend on several factors including the length of the twisted-pairs copper
wire, the wire gauge, presence of bridged taps, and cross-coupled interference. ADSL
signal encoding requires a single copper pair configuration of a standard voice circuit
with an ADSL modem at each end of the line, creating three information channels — a
high speed downstream channel, a medium speed upstream channel, and POTS
channel for voice that allows both data and voice to transmit over the same line. (TTC,
1998; Newton, 2001)
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ADSL technology developed from TCP/IP Protocol on ATM is a high-
speed, multiplexing and switching protocol that supports multiple traffic types
including multimedia, voice, data, video, and imaging, ADSL ideal for Internet and
intranet surfing, video-on-demand, and remote Local Area network (LAN) access,
Multi-Service, Tele Education, Fast Internet, News Clipping, Telecommuting,

Distance Learning

2.1.2 Infrastructure ADSL Network

Internet
ISP 1

ISP 2

ADSL
v Modem

S
ADSL Router

i—' Modem e ‘

[ ] e
_’% Corp. 2

)

Figure 2.1 Infrastructure ADSL Network

2.1.3 ADSL Network Components

Cantral Office Subscriber Pramises
(/'”;:‘}\' PSTN | ADSL Modem
\_// (ATU-R)
Splitter
Iﬂ [ XN ]
1 DSL
—
— Voica Switch
—
— L\
ATM or 3!
— Ethemet |
— Metwork
ISP DSLAM
(ATU-Cs)

s

Figure 2.2 ADSL Network Components
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ADSL Modem (ADSL Transmission Unit Remote, ATU-R)

The ADSL modem at the customer premises, also known as ATU-R,
provides local loop termination on the customer side. It may also operate as either a
router or a bridge.

ADSL Transmission Unit Central Office (ATU-C)

The ADSL modem at the central office, or ATU-C, terminates the ADSL
local loop at the central office premises. Many ATU-Cs can be inserted into a
DSLAM.

DSL Access Multiplexor (DSLAM)

The ATU-C units are collected together in a chassis unit called a DSLAM.
The DSLAM may also incorporate a splitter. The DSLAM can connect through an
ATM or Ethernet access network to the Internet.

ADSL Splitter

The splitter is an electronic low pass filter that separates the analogue voice
or ISDN signal from ADSL data frequencies. There is a splitter located at the central
office and at the subscriber premised. The splitters are totally passive devices
requiring no power. This means that a power outage that stops the ADSL modem does
not affect the telephones, which can continue to operate normally. The splitter at the

central office may be incorporated into the DSLAM, or may be a separate device.

2.1.4 How ADSL work

1.5-6.1 Mbps
16-640 Kbps

existing line

O o

2 1 Emszmildauas ADSL

Figure 2.3 ADSL work
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Delivery of ADSL services must installed ADSL modem and splitter at
each end of the line either Central Office or subscriber premises, creating three
information channels — a high speed downstream channel less than 8 Mbps, a medium
speed upstream channel 128-512 Kbps, and POTS channel for voice. At the Central
Office, a main distribution frame collects the cables from many subscribers and uses a
splitter to distribute the data traffic to a DSLAM and routes the regular telephone
traffic to the Public Switched Telephone Network (PSTN). DSL Access Multiplexer
DSLAM mixes DSL services from different subscribers into ATM virtual circuits. The
DSLAM contains ADSL Transmission Unit Central Office (ATU-Cs) where ADSL
signals are multiplexed onto a high-speed interface connected to an ATM network.
This ATM network provides access to the internet through internet service providers
(ISPs) or corporate network (TTC, 1998).

End user Central Office ADSL Operstor Service Provider
e | E
= = ISP
P’ vb':g | =
@ : Slave =
pots | fine Pots | DSLAM /’J’_ i
Splitter Spiitter -
T ~, iy
Corparate
'_ i Fir) | cc%z Il.\_ﬂ.-'sumﬂ-'lj/'
l F5TN

Figure 2.4 Operator Map Network

Figure 2.5 DSLAM
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Pots Splitter

ADSL splitter separates the voice frequencies from the data frequencies,
the lower 0 to 4 kHz frequency reserve for voice, fax and the frequency band from 1-2
MHz reserve for ADSL data for transmit upstream data and downstream data, splitter
capable separate three frequencies signal that can transmit data both voice and ADSL
signal simultaneously. There is a splitter located at the central office and at the
subscriber premised. Voice frequencies will transmit through twisted-pairs copper
wire to central office and Public Switch Telephone Network (PSTN) to connect to
terminal telephone number and data frequencies will transmit to DSLAM to connect to

ISPs or Network Corporation.

Splitter Connection

Subscriber premises require a single twisted-pairs copper wire with an
ADSL modem and splitter. Splitter appearance is similar to telephone outlet that has
two outlets, one outlet for connecting to ADSL modem and another one for twisted-
pairs copper telephone line that capable high speed data transmission and telephone

simultaneously.

Figure 2.6 Splitter
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ADSL & POTS

LOOp ——

Splitter

Figure 2.7 Connection ADSL Modem
2.1.5 ADSL signal encoding

Frequency Division Multiplexing

Upstream Downstream
Data Data

JdATER

Frequency

Amplitude

Figure 4 Frequency bands

Figure 2.8 ADSL signal encoding

ADSL transmission technology, traditional Plain Old Telephone Service
(POTS), uses a narrow 4 kHz base band frequency to transmit analog voice signals.
Although a typical twisted-pairs copper line can transmit usable signals up to
approximately 1-2 MHz, ADSL uses the rest of the full copper line frequency
spectrum, from above the voice frequencies up to 1.1 Mhz. ADSL uses a frequency
range from approximately 20 kHz to 1.1 MHz. Frequency Division Multiplexing
(FDM) creates multiple frequency bands to carry upstream and downstream data. The
lower 0 to 4 kHz frequency range is reserved for POTS service. The frequency band
from 25 - 138 kHz is used to transmit upstream data. In addition, the larger and higher
frequency band from138 kHz to 1.1 MHz is used for downstream data (TTC, 1998).
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ADSL uses technique for modulation signal, normally traditional Plain Old
Telephone Service (POTS) uses a narrow 0- 4 kHz baseband frequency to transmit
analog voice signals. ADSL increases the usable frequency range from 4 kHz to 1.1
MHz. FDM allows ADSL to create multiple frequency bands to carry upstream and
downstream data simultaneously with the POTS signal over the same copper pairs. In
the present, Discrete Multi-Tone (DMT) modulation and Carrier less Amplitude/Phase
(CAP) modulation techniques are standard techniques for ADSL frequencies. Splitter
capable separates voice and ADSL frequencies that can transmit data both voice and

ADSL signal simultaneously.

CAP

POTS Uplink Downlink

O XMz 4 KMz 30 KN: 138 Xz 158 K2

Figure 2.9 Carrier less Amplitude/Phase (CAP) modulation

Carrier less Amplitude/Phase (CAP) modulation
Carrier less Amplitude/Phase (CAP) modulation is a technique consists of
three frequency ranges: POTS, Uplink, and downlink.

DMT

POTS Uplink Downlink

B Wp \'\ "\""“\-f\f\.l“\(\(’\r[ﬂ:

W'.

KHr 4AKN: 30 KMz 138 ¥z 168 Kot

Figure 2.10 Discrete Multi-Tone (DMT) modulation
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Discrete Multi-Tone (DMT) modulation

Discrete Multi-Tone (DMT) modulation has been chosen by the American
National Standards Institute (ANSI) as the standard T1.413 line code. The basic idea
of DMT is to split the available bandwidth into 256 sub channels, or tones, ranging
from 20 kHz to 1.1 MHz. Each tone has a spacing of 4.3 kHz and supports a maximum
number of 15 bits, as limited by its signal-to-noise ratio. Upstream data transfer
frequencies range from 20-160 kHz (32upstream frequency bins), and downstream
data transfer frequencies range from 240 kHz to 1.1 MHz (224 downstream frequency
bins) .DMT is able to allocate data so that the throughput of every single sub channel
is maximized. If a sub channel can’t carry any data, power is conserved by not
transmitting on that sub channel and the use of available bandwidth is optimized.
(David Ginsburg, 1991; TTC, 1998)

2.1.6 New technology ADSL (ADSL2/ADSL2/2+)

ITU or International Telecommunication Union has certified ADSL2 and
ADSL2+, new ADSL technologies, since January 2003.

ADSL?2

ADSLs is developed its distance and signal capability. It optionally
extends the capability of basic ADSL in data rates to 12 Mbps and distance increasing
600 feet (with a mandatory capability of ADSL transceivers of 8 Mbps distance
18,000 feet). The upstream rate is still the same 1 Mbps.

ADSL 2+

For ADSL2+, the maximum data transmission is 25 Mbps to support any
upcoming multimedia applications. ADSL2+ is capable high frequency range of
typical ADSL connections from 1.1 MHz to 2.2 MHz. At first 5,000 feet from Central
Office, the maximum downstream rate is 25Mbps.

The new standard applies better signal modulation and can cooperate
properly with ADSL (Tanit Sa-ngounnete, 2007).
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ADSL2/ADSL2+ Faster & Further than classic ADSL

Data Rate, Mbps

24

ADSL2+

Telstra Maximum
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Figure 2.11 ADSL2/ADSL2+

B Length, Km

Indispensable things for subscriber premises
1. Fixed line in the area providing ADSL.
2. A computer with CPU Pentium 200 MHz or higher which connects to
modem with Ethernet LAN Card or USB Port.
3. ADSL modem or ADSL modem/router.
4. POTS splitter (always comes with modem).
5. ADSL passport from ISP.

2.1.7 Advantages and Limitations / Cautions of ADSL Advantages

(NEXTEP Broadband, 2001)

1. ADSL can transmit data both analog voice signal and
ADSL signal in the same line simultaneously.

2. Compare with analog modem, speed rate of ADSL modem is 140
times faster.

3. ADSL comes up with adjustable high-speed upstream and
downstream rate.

4. ADSL provides always on access - ready to be used all time without
dialing up and telephone charges each time.

5. ISP provides enough line for users so they will not encounter with
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jam line.

6. Compare with analog modem, ADSL is more stable. In addition, it
can reduce busy signal problem.

7. ADSL bandwidth is constant. (at the selected rate)

8. ADSL is the independent transmission line - without sharing line
with other people. So, it is reliable and safe.

9. Users pay constant amount of money for ADSL because it is
monthly expense without telephone charges for dialing up each time.

10. ADSL supports multimedia applications including data, voice, and
image.

11. ISPs provide various services.

Limitations / Cautions (NEXTEP Broadband, 2001)

1. ADSL share bandwidth, transmission data rate will slowly when users
access to the internet simultaneously.

Electric appliances easily interrupt ADSL signal.

Lack of ISP services in some areas

Transmission rate depends on distance.

o ~ wn

Distance between computers and Central Office should not be more
than 5 kilometers because signal quality depends on

- Length of the twisted-pairs copper wire; more length causes

low quality and vice versa.

- The wire gauge.

- Presence of bridged taps.

- Cross-coupled interference.

- Performance of computer.

- ADSL package.

- Number of user that use internet simultaneously.
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2.2 Review internet demand forecasting

Conclusion of internet use need forecast methods presently used by
companies providing internet services.

Grid Survey was formerly used by forecast group to forecast internet use
need. As it is not suitable for the present situation due to limited budget and there are
more business rivals, forecast model is used in the present time.

At present, there are two following divisions forecasting internet use need;
Market Division plans in the short period such as month by month because it has to
carry out the marketing to meet changing needs of users. Traffic Engineering Division
quarterly forecasts need in the provincial level. It used the organization data to
forecast internet use need and planned forecast results again in the traffic level.
Forecast is divided into best forecast, medium forecast, and worst forecast. The
statistics of MSE and MAPE were used to measure model accuracy. And data on
number of internet users in each year were compared for accuracy of forecast model.

At present, extension of internet network is planned based on marketing
strategy. Network is extended by specifying which province needing to use and
specifying the target group with payment potential. Internet is extended in the
workplace, industrial estate, business zone, commercial zone, educational zone and
tourism zone which tend to have more need than other point. After the service is fully
provided, the service is extended to houses in the nearby areas. The network extension
depends on the network which the company can provide service.

True Company has hired the foreign company to forecast tendency on
internet use need. Then various obtained data are considered again by the company’s
Marketing Division to specify that where the internet service network is extended.
Like TOT, the service is emphatically extended in the industrial estate zone, business
zone, commercial zone, educational zone, tourism zone, and places where there are
ATM, banks. Initially, the service will be extended to places where there is more
spending. After that the service will be extended to the nearby areas where the

company can provide the service.
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2.3 Forecasting Theory (Roberta, 2009)

Meaning

Forecasting is a statement of what will happen in the future, especially in
connection with a particular situation. Forecasting result will be useful for making a

decision.

Steps for forecasting

1. Specify purpose(s).
Specify forecasting time horizons.
Adopt forecasting techniques.
Collect and analyze data.

Apply and evaluate result.

© o~ w DN

Follow up.

Forecasting Time Horizons

Short-Term Forecasting

Short-Term Forecasting took less than 3 months. This
prediction is made from known facts and figures. Managers and corporate officers
know what has already been ordered and can draw plans based on these numbers.
Very little guesswork is needed, just due diligence in making sure scheduled tasks are
completed on time. These forecasts are good for purchase transactions, cash
requirements, work schedules, work force levels, job assignments, and production
levels.

Medium-Term Forecasting — 3 months to 3 years

Medium Range forecasts are believed to be fairly accurate.
Values of recent activities are already known and trends can be calculated based on
this. Quantitative methods of forecasting tend to be used very frequently in this time
frame. These prognoses tend to focus on sales plans, production plans, capacity plans,
operating cash budgets, management levels, and subcontractor needs.

Long-Term Forecasting

These long term forecasts can have low accuracy; therefore,

requiring constant revisions and updates. The long range time frame is excellent for
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capital expansion plans, new investment, new product development, facility location,
research and development programs, strategic plans, implementing new technology,

and acquisition.

Forecasting Techniques Forecasting Techniques are as bellows:

1. Informal forecasting technique: Conjecture is used in forecasting.

2. Formal forecasting technique

2.1 Qualitative forecasting will not use former information in

forecasting process. Instead, information below is used:

Executive opinions

Sales staff opinions

Customer survey
- Expert opinions
Delphi method, developed by The Rand Corporations in 1948,
is the way to get expert opinions. Chosen experts will receive questionnaires and send
them back to sender after completing them. After collecting data, sender will send
forecasting result to experts to let them know results. If the results are not
consentaneous, they must do these three times. This method is suitable for technology
forecasting being used in organizations.
2.2 Quantitative forecasting
2.2.1 Time series forecasting
- Naive
The naive forecasting method simply states that the
value for the period to be forecasted is equal to the actual value of the last period
available. More formally, naive 1: F; = A.1. For example, products were sold 1,000
pieces last month, so this month may be sold 1,000 pieces as well.
- Simple Moving Average
When calculating successive values, a new value
comes into the sum and an old value drops out, meaning a full summation each time is

unnecessary.
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D Y-
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- Weighted Smoothing Average

Weighted smoothing average is any average that
has multiplying factors to give different weights to different data points.
Mathematically, the moving average is the convolution of the data points with a
moving average function; in technical analysis, a weighted moving average (WMA)
has the specific meaning of weights which decrease arithmetically. In an n-day WMA
the latest day has weight n, the second latest n — 1, etc, down to zero.

- Exponential Smoothing

An exponential moving average (EMA),
sometimes also called an exponentially weighted moving average (EWMA), applies
weighting factors which decrease exponentially. The weighting for each older data
point decreases exponentially, giving much more importance to recent observations
while still not discarding older observations entirely.

- Linear Least Square

- Exponential Least Square

2.2.2 Correlative forecasting (Regression
Analysis)

It is the study of two random variables relationship,
which are dependent variable and independent variable Dependent variable refers to
circulation and production. Independent variable is factors which affect circulations or
production. One of hypothesizes is random variables relationship will not change
soon. The significant technique is Simple Regression Analysis. (Virat Panitchavong,
2549)

Y =a+bX Q)
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Where
x and y are the variables.
b =the slope of the regression line
a  =the intercept point of the regression line and the y axis.
X = First Score (dependent variable)
Y = Second Score (forecast variable)
Prediction Equation
Y=a+b1X1+b2X2+...+kak (3)
Where
Y = prediction of dependent variable
a = the intercept

bi1,.., by = parameters for the independent variables
X,.., Xk = independent variable

Standardized Equation

7’y = B1Zx1 + BoZyo +...+ BrZxk (4)
Where

Zy = prediction of dependent variable

B1,....Bx = coefficient of standard equation

Zx1,.,.Zxx = independent variable

Measuring Forecast Error
Calculate Deviation error (Error, ) when compare with actual data in the
past.

Deviation error (e;) = Actual data (A;) — Forecast data (F;) ...(5)
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Measuring Forecast Error as follow:

Mean Absolute Deviation; MAD or Mean Absolute Error; MAE
N A -F
MAD = ZM ..(6)
o N

When N = Total number period of t time
A = Actual data at t time
F: = Forecast data at t time

Mean Square Error; MSE

MSE :i% (7

When N = Total number period of t time
A: = Actual data at t tim
F¢ = Forecast data at t time

Mean Absolute Percentage Error; MAPE

A\_Ft
A

.(8)

N
MAPE = (@jz
N )T

When N = Total number period of t time
A; = Actual data at t time

Fi = Forecast data at t time
(quoting Makridakis et.al., 1998: 43; Roberta,2009; Lehmann, E.

L.; Casella, George, 1998)
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2.4 Geographic Information System

A geographic information system (GIS) integrates hardware, software, and
data for capturing, managing, analyzing, and displaying all forms of geographically
referenced information. GIS allows us to view, understand, question, interpret, and
visualize data in many ways that reveal relationships, patterns, and trends in the form
of maps, globes, reports, and charts. A GIS helps you answer questions and solve
problems by looking at your data in a way that is quickly understood and easily shared
(Supet Jirakajohnkul, 2552).

step 1:Ask

Figure 2.12 The Geographic approach

2.5 Transformation (Virat Panitchavong, 2549)

2.5.1 Transforming variables to satisfy assumptions

When a metric variable fails to satisfy the assumption of normality,
homogeneity of variance, or linearity, we may be able to correct the deficiency by
using a transformation.

Three transformations for normality, homogeneity of variance, and
linearity:

- The logarithmic transformation. Using 2 types of transformation are

logarithm base 10 and logarithm base 2 if the number of small data.
- The square root transformation, and

- The inverse transformation
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Plus a fourth that is useful for problems of linearity:

- The square transformation

2.5.2 Computing transformations in SPSS

The square transformation in SPSS, transformations are obtained by
computing a new variable. SPSS functions are available for the logarithmic (LG10)
and square root (SQRT) transformations. The inverse transformation uses a formula
which divides one by the original value for each case.

For each of these calculations, there may be data values which are not
mathematically permissible.  For example, the log of zero is not defined
mathematically, division by zero is not permitted, and the square root of a negative
number results in an “imaginary” value. We will usually adjust the values passed to

the function to make certain that these illegal operations do not occur

2.5.3 Two forms for computing transformations

There are two forms for each of the transformations to induce normality,
depending on whether the distribution is skewed negatively to the left or skewed
positively to the right. Both forms use the same SPSS functions and formula to
calculate the transformations. The two forms differ in the value or argument passed to
the functions and formula. The argument to the functions is an adjustment to the
original value of the variable to make certain that all of the calculations are
mathematically correct.

Functions and formulas for transformations

Symbolically, if we let x stand for the argument passes to the function or
formula, the calculations for the transformations are:

- Logarithmic transformation: compute log = LG10(x),

LG10(X)/LG10 (2)

- Square root transformation: compute sq