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7.4 Plymouth Expert System Validation

To validate the output of the Plymouth Expert System, a comparison is made with a
number of network designed in the past by BT Consultants. One example is the
Thailand Case Study, outlined in Appendix 2. The Thai study not only summarises
the results of the BT Consultants investigations but also that of the CCITT and JICA;
and for completeness, international comparisons are also included. This example is
included because it was a network designed by BT Consultants from a ‘green-field'
situation using traditional design techniques. The results were accepted by the BT
Board and as such can form a bench-mark for the validation of the Plymouth Expert

System output.

7.4.1 The Heuristic Demand Algorithm

Whilst the Plymouth Expert System is able to predict a number of data types at a
micro level, e.g. traffic densities, traffic collecting areas, etc., the total number of
customers was used to check the validity of the Heuristic Demand Algorithm. The

results of the seven different demand assessments are reproduced below,

The figure shows that the Heuristic Demand Algorithm' produces results that are
compatible with those of both the Japanese and BT assessments. The main difference
is the comparison the three make with the Thai Telco forecast; it is not known on

what basis the Thai study was made, however, it was likely to be over optimistic to

attract additional funds from their government, see Appendix 2.










number of 'star' sub-networks. It is thought that more work in this area will produce
designs better suited to public networks. However, even in its present
implementation status the results produced are intuitively pleasing, i.e. they look
right! The expert system, when run on private network designs does produce similar

results to traditional methods.

As a result it can be said that the Link Networking Algorithm is suitable, only, for the
design of private PBX networks in its current state of definition. More work is

required to see if it can be modified to suit public network design.

7.4.4 Plymouth Expert System Credibility

In its current implementation status, the Plymouth Expert System can only be
classed as part of a proposed prototype which shows the principle of heuristic network
design with associated uncertainty windows as a guide to non-expert users of the '
system. What is needed is the exploitation of the ideas for commercial use. The
system, in its current state, was evaluated by BT's 'Networks' and 'Expert Systems'
divisions; they have seen enough evidence to warrant its further analysis and are
considering some of the ideas for their incorporation into current BT modelling tools.

[101 & 102].

It is also likely to be of good value to other Telco's if their networks are very large and

complicated, or by poor Telephone companies that have no specialised engineers or

are situated in remote parts of the world.




7.5 The Uncertainty Windows

7.56.1 User Data

User data input as a 'datum & confidence' pair, as with conventional expert systems,

was easy to use and caused no problems.
7.56.2 Facts and Rules

Producing the original uncertainty windows for the facts and rules proved to be more
difficult than originally expected. Being objective on whether a supplier of
information is reliable or not, was not easy. The author found it necessary, when first
allocating an uncertainty window to a rule, to use simﬁle profiles. If, when using
these the resultant designs proved to be unsuitable when compared with designs of
known solution, then the uncertainty window profiles were manually 'tuned' to give
an acceptable result. With this 'feedback’ process better uncertainty window profiles

were obtained.
7.5.3 Inferred-Datum and Solution Planes

Many different solutions to the problem of presenting the solution plane to the user of
the expert system are possible. The increasing availability of sophisticated
interactive computer graphics should make it easier to experiment further with
alternative approaches as a function of the user of the system, i.e. expert or novice.

Indeed, as the solution plane is generated on-line on the computer screen directly
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from the Plymouth Expert System output, then there is the possibility of interactively

selecting and designing displays to suit the skills and special interests of the user.

Figure 79 shows three inferred-data uncertainty windows and Figure 80 shows a
solution plane; both produced by the Plymouth Expert System when run on the

design of the City of Bangkok study.

7.6.4 Figure of Merit

The interpretation of the uncertainty window characteristics, whilst powerful, can
confront the novice with a difficult task. Indeed, a busy engineer may also only want
a feel of the quality of the resultant design. To this end, each window needs an
associated figure of merit based upon the computers' interpretation of the resultant
solution plane. Various techniques were evaluated and these included the use of
warm (red) and cold (blue) coloured masks for bad and good respectively, that fit over-
the window and statistical distribution analysis. The area of cuts in an overall
inferred-datum uncertainty window proved to be the easiest to implement and
interpret. However, taken alone, the total area of the window cannot be satisfactory.
A left-skewed cut distribution can have the same area as a right cut, which means
that both highly certain and highly uncertain values have the same area. With the
use of a mask, the author was able to bias the distribution so that attenuation of the
lower certainties that comprise the window was at its greatest. No analysis was
conducted on the form the mask should take, in the current implementation is in the

form of a triangle.









The results show that the greater the area, and hence the Figure of Merit number,
the better the solution. However, extensive use of the Figure of Merit is not
recommended as the intrinsic richness of the window is lost and the user is in eflect

reverting to current methods of dealing with uncertainty.

7.6.6 Feedback

The final design comes with its associated combined uncertainty window. It should
be possible to back-track, first to the windows that made up this profile, and,
ultimately to the data rules and facts that contributed to the solution plane. Thus if
the output design is shown to be too unreliable in terms of the resultant solution
plane profile, it is possible to focus on those parts where uncertainty is greatest and
allow the designer to return to those inputs that contributed the greatest uncertainty
to the design, Also if the overall attenuation is a result of the use of a significant
number of unknowns the path may be re-traced. It is necessary to try to increase the
profile of the solution plane such that less reliance is placed upon internal stereo-

typical data.

7.56.6 Weaknesses in the Uncertainty Windows Technique

The uncertainty window process, as implemented, does have a number of weakness
that needs to be overcome, two of the most significant are 'conflict resolution’' and

'interpretation’.

It is very important to have control over which rule is used at any time and of the

sequence in which they are operated. These factors will be dependent to a large
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extent on the conflict resolution method used by the control structure but they are
also influenced by the way the knowledge base has been constructed. Whilst the
conflict resolution method used should not be considered above more important
features such as the knowledge representation formalism or the mode of inference, it
is important for anyone viewing the knowledge base to understand why rules are

used when they do.

Conflict resolution is found in two distinct operational areas of the expert system: rule
conflict and solution conflict. Effectively the first is on the micro scale, whilst the

second is on the macro scale.

In the former, during one cycle of the inference process, it is most likely a common
occurrence for more than one rule to be selected for use: one rule is chosen among this
'conflict set' by a process of 'conflict resolution’. The Plymouth Expert System
overcomes this problem by choosing the rule whose uncertainty window has the
highest priority; however, priority can be defined in different ways! The author has
chosen, because it is both intuitively pleasing and simple to implement, a priority
based upon relevance, i.e. depth of cut on the y axis of the window. A more logical
method might have been to prioritise use of rules, conditional on the consequence of
their effect on other rules, and eventual solution. To implement such a conflict
resolution process should be possible in Prolog as the language is able to track which

rules have been used in the inference process.

The second area where conflict resolution is met is during the analysis of one problem
domain where a likely occurrence for more than one solution will be found by the

expert system. Here the resolution process is less obvious. A simple solution would
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be to present the user with the uncertainty windows associated with the various
solutions and ask for guidance on which to choose. To automate the process the
computer must decide for itself which window has the better profile: the current
implementation uses the 'figure of merit' process, i.e. areas of cut after they have been
modified by a format mask. There must be a better way of selection based upon the
graphical image direct but one has yet to be found. However, it is easy to imagine
that with parallel processor computer system, the windows could be cut into a number
of slices equal to the number of processors and the comparisons made between the

similar slices in the conflicting windows.

The second area of weakness is in the interpretation of the uncertainty windows and

their associated solution planes by non-expert users of the expert system.

7.6.7 Summary of the Uncertainty Windows

Current uncertainty calculus is not suited to the solution of complex problems such as
network design. They are singular in dimension and do not facilitate feedback to
improve the design. Facts, rules and data need to be treated differently. The
uncertainty window is able to handle these different characteristics. The windows
also present the user with a view of the whole uncertainty picture that allows for

more effective perceptional enhancement of the solution.

An uncertainty window is, by definition, a multi-dimensional representation that
explicitly shows information about topological and geometric relations among the

components of the problem: current methods of dealing with uncertainty

representation do not.




The use of uncertainty windows is useful in speeding the process of :

searching data;
recognition of relevant information;

drawing inferences from that information.

An uncertainty window also helps in finding the solution to a 'search’ problem by
guiding the user to areas of high uncertainty or areas for further investigation. The

eye can guide the computers' attention to the current or desirable location.

‘Recognition' can be strongly affected by what information is explicit in a
representation and what is only implicit. In the current methods of dealing with
uncertainty the perceptional work is explicit and extensive; in uncertainty windows it

is automatic, implied, and easy.

‘Drawing effective inferences' is dependant upon the expert system users ability to
enhance, perceptually, the data provided as a solution to a problem. In an uncertainty
window, this enhancement is done by a process that is computationally very cheap,
1.e. drawing and viewing. Thus the interpretation is passed from the computer to the
user who is given enough information from which to draw conclusions, the computer

screen eflectively presenting the user with the whole uncertainty picture of a solution.

7.6 Conclusions

The goal of the research was to produce a prototype expert system suitable for

telecommunication network design. An expert system approach is one which allows
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designs to be made by non experts in the field who have incomplete data or poor
statistics. The Plymouth Expert System covers the generation of traffic data,
determines the optimum node locations and the optimum interconnecting trunk
network. The approach taken was to evaluate and distil the process and rules used
by experts in the field of telecommunication design based at British

Telecommunications Consultancy department,

The achievements of the research are as follows.

First the analysis of existing methods of telecommunication network design was
performed and their limitations highlighted. In particular four areas were shown to
be worthy of further investigation; data collection and its processing into a traffic
matrix, the location of nodes and their traffic collection areas, the optimum

interconnecting trunk network and dealing with uncertainty.

Secondly, a new method of developing a traffic matrix, suited to an expert system
approach, was found called the Heuristic Demand Algorithm. Both macro and micro
economic methods are employed and rules of thumb used in situations of missing or
vague data. The resuitant traffic matrix has no community of interest information

associated with it and it is thus classified as a point source traffic matrix.

Thirdly, using the point source traffic matrix and a technique called matrix erosion, a
new algorithm, called the Node Location Algorithm, was developed and facilitated the
location of the nodes and their respective traffic collection areas. The results of a
design using the algorithm for a minimum cost distribution of nodes based upon

access costs is shown,
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Fourthly, having found the node locations the interconnecting trunk network is
designed using a new algorithm called the Link Networking Algorithm. This is based
upon graph theory and constructing a minimum spanning tree. The constraint on the
tree's construction is that there are a maximum of four hops in an end to end

connection.

Fifthly, a new method of dealing with uncertainty called Uncertainty Windows was
developed. The Windows work because of their ability to maintain the detail of their
construction and as such those areas of greatest weakness in a resultant design can

be highlighted for further investigation.

The practical implementation of the Plymouth Expert System is currently only part of
a prototype and lacks the documentation necessary for its commercial exploitation, at
present.

7.6.1 Further Work

Whilst the Plymouth Expert System produces good results, it still needs development

if it is to have commercial usage, including:

the change of the design based upon questions? For example, it would ask the

question is the site available, can we get the site, can we get adjacent site?
feedback mechanisms to be fully automated;

changes to the conflict resolution mechanism;
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the enhancement of the Node Location Algorithm to deal with remote

peripheral units,

A very advanced version would allow the on-line connection of call loggers giving
direct access to the raw data collected on existing networks and providing optimal

designed output for the current traffic demands and profiles.

It is recommended that the following work be continued in the near future, taking
both the Plymouth Expert System and the Uncertainty Windowing techniques further

to completion.

First, the expert system should be broken down into its modules, each forming the
basis of a single expert system. For example, the Heuristic Demand Algorithm can
form the input to traditional computer design packages where the traffic matrix is not
available, either because of inadequacies in available statistical data or uncertainty of
customer locations. The algorithm will need to be developed so that community of

interest information is available as required by such packages.

Secondly, the Node Location Algorithm can form the basis of a telecommunication-
network design-package where transmission cost becomes insignificant within the
cost of the whole network, i.e. in a high bit rate optical fibre SDH network. It will be
necessary to improve the algorithm to take account of the differing types of nodes

found in practice, including remote peripherals and concentrators.

Thirdly, the Uncertainty Window solution-plane can be enhanced by giving the user

of the expert system the ability to use the computer mouse, to ‘click’ on to a portion of
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the solution window whose undertainty is deeined unacceptable. "This would result.in
alistiof the Rules, Facts and Data being displayed which were used'in' the compilation
of ‘that iportion of the window and 'data, etc. and the information.to be enhanced to
achieve a'better uncertainty profile..

Finally:a further area foriinvestigation iis the development of a mathematical model of:
the Uncertainty Windows: technique: This will.notionly provide for'a sounderbase for
their adoption in other’expert systems, but also allow for their interpretation by ithe.

compiiterito’possibly become: more precise.
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APPENDIX 1
CASE STUDY ONE

The Heuristic Synchronisation Problem

Need for Network Synchronisation

Pulse Code Modulation (PCM) transmission, and all derived functions such as digital
switching, must be synchronised. @ PCM transmission systems are kept in
synchronism by means of clock and frame alignment. Here the de-multiplexer
extracts information (frame alignment bits code pattern) from the incoming bit

stream to derive an identical clock as the transmit end clock.

In a telecommunication network, the PCM transmission systems radiate from a
digital switch. The switching rates within the digital switch may, typically be
governed by the frequency of a local quartz crystal oscillator of the timing unit (TU) of
the digital switch. This is a reliable frequency source, but there will be minor
differences between the natural frequencies of the TUs in a network because the

natural frequency of their oscillators may drift from nominal (e.g. with age).

Thus, the frequency of a network of synchronised oscillators will drift unless the
network is Jocked (synchronised) to a frequency source that has an acceptable margin
of accuracy and reliability. The term synchronised, as used here, refers to an
arrangement for operating digital switching systems at a common (synchronised)

clock rate.

If the digital switching clocks are not synchronised, the information rate of a signal

received at a switch could not process the information and re-transmit it. This would
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result in information being lost (if the input rate was faster than the receiving switch

local clock) or repeated (if it was slower).

The deletion/repetition of a single PCM frame is called a 'slip’. A slip represents
distortion of information, normally eight bits of each channel. The resulting service
impairment is far more serious for data customers (causing errors in data signal) than
for voice customers (causing clicks and distortion). This arises since the voice is

highly redundant whereas data is not.

Network Hierarchical Synchronisation

CCITT's GAS 3 handbook introduces Network Synchronisation Planning (NSP)

outlines the various techniques for synchronisation.

A hierarchical synchronisation plan is adopted for most public digital networks:

private digital networks normally adopt the same basic philosophy.

The BT digital switches are divided into 4 hierarchical levels, level 1 being the

highest in the synchronisation hierarchy, and level 4 the lowest.

To ensure that the mean frequency of the digital switching clocks is the same, these
are by way of the 2.048 Mbit/sec digital line links. Synchronisation links between the
switches will be either unilateral (with control being effective at one end only), or
bilateral (with control being effective at both ends). It will be seen from the figure
that there are unilateral links between nodes (switching centres) at different levels
(with the effective end at the lower level node) and bilateral links between nodes at

the same level.
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A single level 1 node (one of the main trunk switches or one of the international
switches) with an operationally secured (triplicated) caesium (atomic) clock of
accuracy 1 and 1011 will function as the national reference switch. This caesium

frequency standard is known as the 'National Synchronisation Reference Clock'.

In the hierarchical arrangements, a node can only receive the synchronisation
reference signal from another node, distinct from itself, which contains a clock of
superior or at least equivalent quality. The flow of synchronisation reference is

mainly down the hierarchy, with some horizontal excursions, but never upwards.

Synchronisation utility (SU) equipment at each digital switch is connected to the
synchronisation line links, i.e. nominated 2.048 Mbit/sec PCM systems. The SU
derives information from the synchronisation link to control the frequency of the
switch local clock by 'phase-locked-loop’, and thus maintains it in synchronism with

the rest of the network.

While the clock accuracy at the highest level is 1 in 1011, the accuracy at the lower
levels will be determined by the characteristics of the phase-locked-loops. Typically,
accuracy at the lower level 4 is likely to be 1 in 108

Two items comprise the SU:

e Link Control Unit;

« Common Control Unit.
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The CCITT Recommendation G703 requirement for public networks at the lowest
level is 2.048 Mbit/sec +50 parts per million (ppm). (NB: CCITT Recommendation

Q513 Section 2 gives further detail of timing and synchronisation.)

Failure of network synchronisation at any node would cause free-running of the local
clock at that node to cause drift and thus the plesiochronous mode of operation in the
abnormal condition. This could lead to slips. (Plesiochronous - where the frequency

sources are independent but with closely defined limits.)

Private Network Synchronisation

Private digital networks follow the same basic philosophy adopted for public networks
in the sense that the synchronisation network is hierarchical and that a private

network reference clock is required.

Since private networks are smaller than their public equivalents, the number of
synchronisation levels will be more modest although a synchronisation plan could

have up-to three defined masters.

It is logical to assume that the expense of operationally secured atomic clocks as the
reference source as part of the private network is not justified. In this circumstance,
one or two nominated main switching centres in the private network could be fed with
2.048 Mbit/sec link(s) from the public network (BT) reference clock. These nominated
private main switching centre(s) then functions as the primary masters for the

private network.
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By heuristic methods other switches in the network are then selected as Secondary

and Tertiary Masters.

Private networks use PBXs as their switching hardware and in all UK supplied
switches, the SU & TU provided with such are not to the same standard as Public
switches, indeed BT has developed the Equipment Synchronisation 6001B to provide

for this.

The technology restricts the planner to Master-Slave techniques and allows for
changes in the synchronisation plans in predetermined order, i.e. Predetermine

Master Slave.

Basic Principles and Strategies

The pure Master-Slave synchronisation method is based upon each switch in the
digital network being phase-locked to another in such a way that all attain the
frequency of a selected master-switch called the 'Primary Master' (PM). The
procedures described in this section detail a method of selecting the PM and include
methods for selecting alternative synchronisation paths for change-over in case of
digital link failures. (This method is sometimes named Pre-selected Alternate Master
Slave.) [As a first-cut assumption all synchronisation paths are assumed to be
unilateral (UL) and each switch having a hierarchical order of standby links or

clocks.]

To aid the design of a Network Synchronisation Plan (NSP) the concept 'Secondary
Master' (SM) and ‘Tertiary Master' (TM) is used. These are switches that are

normally slaved to the PM but which may change-over to an accurate local reference
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clock with loss of the source synchronisation links. However, depending on the
network structure, there may be other switches that will function in the same or
similar manner as SM and TM and have the same clock accuracy. Hence, SM/TM are

used merely as an aid to obtaining a good NSP.

Optimum NSP Designing

A NSP is considered being optimum if:

e a failure of a digital route has a minimum impact on traffic flow measured in terms

of slip-rate on remaining digital links;

e it gives a more stringent requirement on 'transit switching’' compared with ‘local
switches' measured by the probability of a 'degraded' slip rate performance level.

(This is in accordance with CCITT G.822);

e it uses a minimum number of accurate local reference clocks for a given level of

network performance.

A NSP is considered being resilient if:

» whenever possible, a switch has at least 2 or preferably 3 independent (with respect

to availability) reference sources;

» whenever a switch has two or three digital routes as references, 2 digital links in
each digital route are included in the hierarchical order of synchronisation

references. (Thus, a pair of links is selected in each digital route making a
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maximum of 6 digital links, It is sometimes possible to connect more links, but little

is gained);

e when a switch has only one digital route as a reference, 3 digital links within that

route are selected.

Existing Networks

Most existing networks are expected to change in the number of switches and most
particularly, the transmission media connecting them. Also existing networks may
comprise both analogue and digital routes; the digital network may have a structure
that is different from the routeing network. Because of these aspects and the fact
that differing switch manufacturers may not have sufficient synchronisation
capabilities, the designers of the NSP normally need to apply a large amount of

common sense and network evolution knowledge.

Creating the Plan - Heuristic Rule Base

This section of the report details a rule base for generation of a master-slave NSP for
networks. By going through a series of steps, a plan giving a priority order of
references and clock requirements is developed. It will, at a later stage, need to be

enhanced to take account of satellite working.

Although the procedures described here should be applicable to networks with

switches of any type, its tested validity has been restricted to BT PBX's
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The NSP obtained by going through the outlined procedures will be a plan for a
network topology about three to five years ahead of the present. Therefore, interim
plans will also have to be developed for use during the development stage. These
interim plans can be designed with the knowledge of the medium or long term NSP
and the experience gained while developing it. The changes that have to be made in
the life of the NSP should preferably be minor.

The procedure is organised in the following way:

- identify the digital network,

- primary Master and Star-structures,

- secondary/Tertiary Master and Link Priorities,

- allocation of final link priorities.

e Identify the Digital Network

STEP 1

Identify all existing as well as future digital switches or analogue switches with, or
will have, digital transmission to another switch (i.e. output of the Plymouth Model).
Make a list of all switches noting all relevant facts such as installation year, clock

equipment, synchronisation capabilities, etc. On a network topology 'map', designate

each switch as Transit, or Local. (For combined switches, choose the higher level).




STEP 2

Identify all existing as well as future (approximate three to five years hence) digital
transmission facilities between all switches listed in STEP 1. Organise the
transmission facilities into digital links and digital routes. (A digital link is a 2048
kbit/sec transmission system a digital note is a collection of digital links that criticise
a common transmission object which if affected would effect all links within that

route).

e Primary Master and Star-structures

All networks can be broken down into a combination of stars and meshes. (Meshes

interconnected by stars and vice versa). Those parts of the network that exhibit a

star-like structure (star-section) have very obvious synchronisation plans once the

Reference node is known.

In a pure master-slave plan, the Reference node is called Primary Master.

STEP 3

» Selection of Primary Master

A first assumption in this step is that PM is a switch. However, it is possible to select

a special clock-node as PM as long as it has a timing distribution similar to the digital

routes of a transit switch.
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As an aid to the selection of the Primary Master, the list below highlights some
desirable properties of the required site. Of these only the last can be classified as an
essential requirement. Therefore, select the node that has the most appropriate

combination of the following properties:

- have a large number of digital routes,

- be a transit switch,

- have or will get connection to the Public Switched Telephone Network (PSTN),

- be a 'nucleus’, i.e. the deepest node, within the network,

- have provisions for connection of accurate reference clocks.

Name this the 'PM' and draw arrows on all digital routes radiating from the PM,

called 'arrowhead-routes', to all switches it is connected to.

Set a Priority P = 1 on these arrowhead routes.

STEP 4

* Star-structures:

All star-sections are now synchronised in the very obvious way. Emanating from the

PM or a Reference node or the mesh that comprises it, allocate arrows on the digital

routes in all star-sections.




On the network 'map’, each digital route is drawn as one line connecting two switches.
Certain distances of a digital route may be common with another digital route of
another switch, e.g. a common microwave link or a cable route which further on
branches off into geographically separate cables. Such common paths may be drawn

on the 'map' as two (or more) parallel lines with a ring around them,

(For clarification, digital link is a link as seen from the switches synchronisation
utility, e.g. a 30 channel system irrespective of any further higher order
multiplexing.) Digital links that are semi-permanently connected through a switch
are not a digital route of its own right they should be grouped together with the other

digital links to that switch).

A list of all digital routes is made, noting all relevant facts such as installation year,

physical type, length and the number of digital links to aid future planning.

Important facts should be also noted on the 'map’, e.g. if a digital route has only 1

digital link. Also mark on the 'map', with a cross, those digital routes that may be

inappropriate as synchronisation references.

» Secondary & Tertiary Master and Mesh Structures

This routine is structured into the following sections:

- selection of secondary master (SM),

- selection of tertiary master (TM),




- selection of the other switches within the mesh.

The digital network may be composed of (beside pure stars) several mesh-sections
that have no connections between them except through star-sections or by way of the
Primary Master switch. The following routine is recursive so it should analyse all

switches in every mesh-section of the digital network.

A simple test to see if a switch belongs to the same mesh- section as the previously
selected switch is: it belongs to a mesh if a digital route leads to a previously selected

switch without crossing the master-node (normally PM) or using a star-section.

¢ Selection of Secondary Master

If no switch can be selected by the following routine, and go to 'Remainder' Also mesh-

sections with only local switches do not have SM therefore go to 'Remainder’.

STEP 5

Select a switch, previously not selected, using the following criteria:

- Shall have an arrowhead-route from PM. Preferably 2 (diverse) arrowhead-routes
[rom PM. If there is only one, it should preferably not run parallel with any other
digital arrowhead-route from PM and the route should comprise at least two digital

links.

- Shall, if possible, have a digital route to another arrow- marked switch whose

arrow-route is received by a diverse way.
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- Should have the smallest number of digital arrowless routes, but at least one, which

may lead back to PM or to a Public switch (by way of other switches).

- Shall be able to be equipped with an accurate local reference clock.

- If ambiguity remains, consider the quality of digital links. Furthermore, a transit is

preferred to a local switch.

Name this the 'SM' and draw arrows on all digital routes to all switches it is
connected to (except to PM of course). If the destination switch has two diverse

arrows from PM, set priority P = 2 on all outgoing arrowhead routes else set priority

P=3.

» Selection of Tertiary Master

If all the remaining switches in the mesh- section are local switch: ignore the

following routine and go-to 'Remainder'.

STEP G

Select a switch, previously not selected, using the following sequence of selection

criteria:

- Shall have an incoming arrow from 2 switches on 2 diverse routes and at least 1

arrowless digital route. If such a switch does not exist, return to 'SM' and select one

more SM within the same mesh-section as the previous SM.

291




- Shall have the largest number of arrowless routes, that may lead back to PM. If the

number of such digital-routes is zero, then go-to ‘Remainder".

- Shall be able to be equipped with an accurate local reference clock.

- If ambiguity remains, consider route diversity, and route length. (And the quality of

the routes?) Also, a transit, is preferred to a local switch.

Name this the 'TM' and draw arrows on all digital routes to all switches it is

connected to (except to PM or SM of course). If it has an arrow from PM, set priority

P =2 on all outgoing arrows, else set to priority P = 3.

« REMAINDER

The remaining switches in the mesh-section should be synchronised using the

following routine.

STEP 7

Let P=3 (start value for priorities in the routine below) &

Let N be the number of incoming arrows.

Loop while this routine can select a new switch.




Identify that or those switches, previously not selected, which fulfils the following
criteria: (If no switch fulfils the criteria, it implies that you shall exit this do-while

loop):

- Shall belong to the same mesh-section as the previously selected switches unless a

new mesh-section shall be entered which lacks SM,

- Shall have the maximum 'N', preferably from diverse routes, and have at least 1

arrowless digital route.

The number of arrows, N, to the identified switches determines the next action:

If there are more than one such switch, the following may do the last selection:

- The arrow should comprise at least two digital links and they should not run

parallel with any other arrowhead route,

- It should have and arrowless digital route to another arrow- marked switch whose

arrow is received on a route diverse from this arrowless digital route,

- A transit switch is preferred to a local switch,

- Few arrowless digital routes is preferred to many, :

- There is a preference for high priority arrows. (1 before 2 and so on).
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[etP=P+1

Draw arrows on the arrowless digital routes from this switch. Set priority P = P+2 on

these arrows,

N>1;

If there are more than one such switch, the following may do the last selection:

- The switch with the highest priority arrow should be selected,

- Consider the diversity and quality of the routes. (It is good with 2 digital links

onthe highest priority route).

letP=oldP+1

Draw arrows on the arrowless digital routes from this switch to those switches that

have less than three incoming arrows. Set priority P =P on these arrows.

End of do-while loop.

By now, this mesh-section should be completed. If switches remain in any other

mesh-section with no arrows, return to SM and restart the iterative process.

e Renumbering of Priorities

The NSP will now have been developed such that each switch has one to three

arrows, each with a priority number. However, it is appropriate to use 2 (or
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sometimes 3) digital links in each digital route, to minimise the impact from
hardware failures in equipment. Hence, a new priority order has to be established for
each switch where all digital links are ordered in a straight hierarchical priority

order.

It is appropriate to make a list for each switch naming the digital links and the clocks
that are to be connected and their priorities to be set from command, to provide for an

easy and safe installation. The following procedure applies:

STEP 8

- 1f the switch has only one arrow, select, if possible, 3 digital links in that digital

route and set priorities 1 to 3 on these links,

- If the switch has more than one arrow, select, if possible, 2 digital links in each
digital route. Starting with the highest priority digital route (smallest priority
number), set priorities for all digital links in straight increasing order starting from

one and up,

- Sometimes two digital routes have the same priority number and in that case it
does not matter that you select first. However, it is practical to select first the one

that has the shortest path to the primary master,.

- Additional, non switch-Clocks are placed last in the priority order.




Heuristic Rule Base Development

As the rule base stands no account has been taken for security against faults,

) Equipment and Link Security

Any 2.048 Mbit/sec digital transmission link may be used for synchronisation control
purposes: Provided that there is sufficient capacity for synchronisation information to

be on each link, there is no other special requirements for synchronisation.

However, to provided security of synchronisation information a number of changes

are required to the rule base.

¢ The failure rate of a line system is length dependent, so that links contributing to

synchronisation should be as short as possible.

» They should also follow physically diverse routes when possible, for if they follow
the same routes there is a possibility that a single cable fault could affect more than

one link.

e Each transmission link contributing to the synchronisation system requires a LCU
to compare the phase of the local clock with that of the clock at the far end of the
link. Each LCU should be fail-safe to ensure that its malfunction has no adverse
effects. A number of links participate in the synchronisation control at each switch,
and thus failure of an individual transmission link or:LCU should not cause the

clock at that switch to lose synchronisation with clocks at other switches.
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» The SU must be highly secure, for loss of this equipment invariably means a total
switch failure. Loss of the SU does not necessarily imply complete switch failure as

long as it is fail safe to the effects of its failure.

Translation of the Heuristic Algorithm into a set of Rules

The Primary Master should be located at a point that is the shortest number of links

away from the nodes on the periphery of the network.

* Rule 1: The Primary Master should be located in the 'centre' of a network, where

the ‘centre’ is a function of distance, traffic, link and node technologies.

Taking the distance from a node to its furthest node on the network the maximum

route budget is the cost of the longest routeing.

* Rule 2: Centre of a network occurs when the maximum calculated route budget is

at a minimum.

The cost of a routeing comprises the total 'cost’ of the nodes and links that comprise

the routeing.

* Rule 3: The maximum route budget is the sum of the link and node costs taking the

maximum cost between two nodes in a network.

The cost of the links is dependant upon their traffic capacity (the greater the capacity

the greater the cost of failure), technology (different transmission media have
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different susceptibilities to heat) and distance (the longer the link the greater the

probability of its failure due to human intervention).

* Rule 4: The link budget comprises the sum of traffic capacity, wander resistance

and distance costs.

The cost of a node is a function of the number of digital links connected and hence the

number of link cards installed.
* Rule 5: The cost of a node is a function of the number of digital routes.

Using the Rules 1-5 it is possible to identify one or more nodes that are network
centres. If only one is found, it is necessarily the centre, otherwise the choice between
them is determined by the greatest number of digital lines and account is taken of its
level in the hierarchy. If more than one node proves to be a 'best' location for the
primary master then it is necessary to examine more closely the attributes of the
nodes. For example the greater the number of digital links connected the larger the
number of nodes parented, and hence directly controlled, on the site. A further test is
the level in the hierarchy the nodes are, thé higher the better; and, furthermore the

cumulative distance of the parented nodes will effect reliability.

* Rule 6: When two or more nodes have the same lowest maximum route cost the

node with the greater number of digital routes is at the 'centre’ of the network.

* Rule 7: When two or more nodes have the same lowest;maximum route budget and

the same number of digital routes, then the node that is higher in the hierarchy is

the 'centre’ of the network.
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* Rule 8: When Rule 7 has failed to select the 'centre’, the sum of the distances of
every connected link to each node is calculated. The network ‘contre' is now the

node having the minimum distance cost.

If there are still a number of nodes deemed suitable for the primary master, then the
technology is examined and that with the best in terms of wander resistance is

selected.

*Rule 9: When Rule 8 fails to select a ‘centre’, the technology of the links is

considered and the 'centre' taken as the node having the minimum wander cost on

the links.

* Rule 10: If, in Rule 9 there are a mixture of technologies in a single route, the worst

case is taken as representing the whole distance.

By this stage, the Primary Master location will have been found. It is then necessary
to discovered the Secondary and Tertiary Masters by repeating the above process.
However, at this stage it is not necessary to find the optimum ‘centre' but rather the

next best two node locations that are closest to the Primary.

* Rule 11: Identify the best two neighbour nodes to the primary master node and
search each, re-using Rules 1-10 replacing the master node with a cost value by

Zero.

The interconnection of nodes must be made to a set of rules based on the hierarchy.

In addition, a number of resilience requirements must be satisfied.
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* Rule 12: A node can only give a synchronisation to another node at the same level or

lower level in the hierarchy.

It is also necessary to prevent looping thus the direction of control is important.
Under normal operating conditions the Primary must have precedence over the

Secondary and it over the Tertiary.

* Rule 13: Control between Masters will be unilateral from the Primary to the

Secondary to the Tertiary.

* Rule 14: Control between nodes at differing levels in the hierarchy is unilateral

from the higher to the lower.

* Rule 15: Control between nodes at the same level is bilateral.

The requirement for resilience dictates the following link requirements.

* Rule 16: Every level 3 node should be connected to a level 4 node by no less than
two synchronisation links in tandem and the precedence allocated to the links is

greater to those links from the higher level.

* Rule 17: If there are more than one link from the same level terminating on the
node, a higher precedence is given to the link with the lowest number of links in

tandem to the primary master.

* Rule 18: Level 2 nodes should have a minimum of two synchronisation links with

precedence given to the link from the higher level.
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* Rule 19: Level 1.nodes should receive their synchronisation from a node at level! 2.

If this'is/not possible theéxi:a. minimum of two links;from the same:level isipreferred:

*'Rule;20: Where no suitable primary rate link is available, :a 64 kbit/sec link to:the

highest level with which the node:has a traffic community of interest is required.




APPENDIX 2

CASE STUDY TWO

Estimation of Demand for Telephone Service & Exchange Dimensioning and

Location in the Bangkok Metropolitan Area

1 Introduction

This case study uses the three new algorithms detailed in the thesis, it also details
the data contained within the demonstration program of the Plymouth Expert

System.

2 Objective

The overall objective of this case study is to present reliable information on the
demand for PSTN in the BMA in a form that parallels the process detailed in the

main body of the thesis.

The case study includes the identification of those areas of the BMA which would
experience a high growth in demand for telephone service; to qualify the telephone
connection demand as existed in 1990, 1994 & 1996, and to compare this with the
actual and planned capacity of TOT, (equating with their ability to satisfy that

demand).

In addition, first cut designs are produced to meet this estimated demand.
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3 Background

This case study is one of validating output from the Plymouth Expert System with
that of the BT Tallis Consultancy, Telephone Organisation of Thailand - (TOT), the

CCITT GAS 10, and the Japanese JICA study teams' results,

Various analytical tools were used by the parties including:

¢ 'bottom-up' demand assessment,
¢ opinion market research,

e international comparisons,

e socio-economic modelling, and,

s econometric modelling.

3.1 Bangkok

The BMA of 1568 square kms. is divided into 36 Districts: Bangkok's Department of
Town and Country Planning has classified districts within the BMA into three
groups: City Core, Suburban, and City Fringe according to their population densities

and locations.

The city core consists of sixteen districts. Its population was 1.6 million in 1970 and
grew to 2.3 million in 1980 and 2.4 million in 1985. Population density for the area
since 1985 continues to decline as the official NSO census statistics are based entirely
on residential status. On a percentage basis approximately up to 80% of the

population of the area are transient or expatriate, commuting daily into the area.
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Counter to population decline, telephone service demand was increasing at a much

higher rate than in other areas of Bangkok.

The redevelopment of the city core area has continued unabated since its conception
in early 1987 and seems likely to continue for the future. The majority of the
property expansion were concrete high-rise commercial buildings, with a higher than

average telephone demand.

The suburban area comprises thirteen districts. Its population has grown rapidly
during the last fifteen years having increased from 1.3 million in 1970, to 2.1 million
in 1980, and 2.6 million in 1985. As a result the suburban share of the total Bangkok
population increased from 41% in 1970, to around 47% in mid 1985. Of the three
zones within the BMA, the suburban area had the highest population growth rate
averaging 4.9% per annum between the years 1970 to 1980, decreasing slightly to
4.6% during the last 5 years. Almost half of that growth was concentrated within just
two districts Bangkhen and Bangkapi, with Bangkapi having the highest population
growth, averaging over 10% per year between 1970 and 1985, followed by Bangkhen
which has grown at an average rate of 6.7% per year; population densities in
suburban district range from 1,600 to 9,800 persons per square kms., with a mean of

4,500.

4 Design Methodology

4.1 New Demand Assessment

New demand for telephone service is correlated primarily with new building

developments and secondly with the more intensive use of existing buildings. A
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market opinion survey was conducted to provide accurate and reliable data on both

these elements of demand.

For the purposes of their study demand comprise different sources as follows:

» New Major Developments (office buildings, condominiums or housing estates). This
comprises projects under construction, projects which had planning permission,
assessing the likelihood of the their construction, those unplanned but likelihood of
their construction, and those unplanned but likely to implemented. Telephone lines
provided by building or housing estate developers. Additional lines required by

occupants of those developments immediately or soon.

¢ Existing Major Developments. Unfulfilled demand, i.e. lines applied for but not

supplied and demand for additional lines in existing businesses.

e General Demand From Smaller Developments

¢ Fulfilment of 'Suppressed’ Demand in:

Office Buildings: First determine the total area of commercial buildings under
construction and the probable mix of occupants by type of business. Thence,
determine the likely requirement for telephone lines, per square metre, for different
types of business and overall: multiply the above two and deduct the number of direct
external lines and switch board extensions (insofar as they were considered
substitutes for direct external lines) provided by the.developer to calculate the

suppressed demand for services.
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Government Offices: Similar process to commercial buildings with a smaller number

of lines required per square metres.

Residential: Assume that each house or apartment in a high rise building would

require one line,

Hotels: These were a special case since they require a large number of rooms and line
demand is not in the same proportion to the number of square metres or space in the

building as for commercial and residential.

Private Hospitals: These were similar to hotels but with a smaller number of

telephones required per room.

Shopping Centres: Assume that each shop would require one telephone and that each

department store would require a number in proportion to its selling area.

Number of Lines Per Square Metre and Other Estimates: This information was
obtained from a sample survey conducted amongst a mix of business types in
Bangkok. In addition, sources such as architects, estate agents, developers and

telephone equipment vendors added value.

Information obtained includes: number of telephone lines occupants wants under
circumstances of limited availability and high prices. Number of telephone lines that
occupants would require under circumstances of unlimited availability at reasonable
prices. Number of telephone lines that occupants would require under circumstances

of unlimited availability at high prices. Estimates of demand for each major building
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or housing estate were then based on: Estimates by occupiers: Actual use per square
metre per employee in 'mature’ commercial areas (on the assumption that the newer
commercial areas would eventually reach those levels): Comparisons with actual use

in Singapore and Hong Kong per square metre, per employee, by type of company.

4,1.1 Research Methodology

Data was collected from two sources: Primary, ie. interviews conducted with a
sample of sources in Bangkok; Secondary, i.e. from published documents available

from various government agencies.

Primary information was collected by personal interviews with three groups of

respondents:

e City Planning "Experts",
¢ Building Managers,

s Telephone Vendors and Users.

Secondary information was collected from the following sources:

* Documents available in various government agencies including: Building permits
issued by the Bangkok Metropolitan Administration; Population data from the
National Statistical Olfice; maps published by the Bangkok Metropolitan
Administration showing land usage in Bangkok, i.e. residential, commercial,
industrial or government; A map published by the:.Telephone Organisation of

Thailand which shows the areas served by their existing telephone exchanges in the

BMA;
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* Reports and studies on telephone demand previously undertaken by other groups,

* Newspaper and magazine actions announcing new real estate projects and

developments,

» A Real Estate Study published by Thailand Investment and Securities Company

which outlines the cost of land throughout the BMA.

For the purposes of the study, BT divided the BMA into three sections, City core,
Suburban, City Fringe. Within each of these areas, a "micro" approach was adopted,
ie. individual buildings and developments were identified, both old and new, their

occupants and their need for telephones.

Buildings were selected according to location, type and the number of floors (i.e. at
least six). The interview procedure involved the use of two questionnaires designed as

follows:

e The Building Questionnaire: This questionnaire asked for the following items of

information from each of the building managers BT interviewed:

° The date the building was completed,
® The total usable office space within the building,
° The type of occupants, by business sector, and the floor area each occupies,

° The number of telephones provided per occupant and the number of telephone lines

bought privately by each occupant.




The building questionnaire was designed to identify the following:

The mix of occupants in each building,
The number of telephones used both per square metre and per employee in each type

of business.

» The User Questionnaire: This questionnaire requested the following data from each

of the occupants of the selected buildings that BT interviewed:

° The number of employees, both actual and planned for the next two years,

°The total office space available, again both actual and planned for the next two
years,

° The number of telephone lines (both direct and extension lines) available,

° The amount paid for each telephone line,

° The estimated demand for telephone lines (both direct and extension lines) in the
next two years, subject to two conditions: the cost was 10% lower, or, the cost was
30% higher than the TOT rate.

° The number of extension lines that the company would prefer were direct lines,

° The source of telephone lines in use.

The user questionnaire was designed to provide:

°The estimated present and future demand (actual and suppressed) for telephones,
given cost and availability constraints,
°Sample telephone usage ratios both per square metre and per employee in each

business sector.
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However, the above interview sample only told us how many telephone lines the
existing buildings located in the BMA need. To estimate future demand for
telephones in the city, it was necessary to examine the growth in construction, both in
absolute terms and by type of building, since it was the most significant factor

influencing future telephone demand in the metropolis.

To examine the future development of the BMA area, BT conducted interviews with
the city planning "experts". In particular, all the construction projects examined
consisted primarily of office complexes and condominiums, residential condominiums,
hotels and shopping centres located both in new and "mature” business areas. From
information provided by these sources, buildings over six floors under construction

were examined for the following characteristics:

° Project title and location,

° Type of building, in terms of purpose,

° Number of floors and total area available,

° Target date of completion,

° Number of telephone lines required or planned for the building's completion.

Information obtained was then transferred onto a map of the BMA's 36 districts.

The existing TOT telephone exchange boundaries were also transferred onto the map.

As a result, the following information was recorded within each one kilometre square

of Bangkok:

° Land use (i.e. commercial, industrial, residential or government),

° The cost of land,




° The existing TOT telephone exchanges,
° The mass transit system, expressway and planned new roads,
° Buildings with at least six floors, both existing and scheduled for construction, by

type.

From the information displayed on the map, a database for each map sector (i.e. one
square kilometre) was created from which estimates of the present and future
demand (at three and five year intervals) for telephones per square kilometre of the

BMA were recorded.

Demand for buildings of less than six floors were assessed by using penetration

factors for each type of building and occupant.

To determine a degree of confidence for the findings of each square kilometre, three
areas were chosen for microscopic investigation: Ploenchit representing the city core,

Don Muang representing suburban and Bang Kradi for the city fringe.

For this exercise, the areas were split into blocks of 200 metres square which were
subjected to detailed analysis. The analysis consisted of examining every building,
regardless of size, located within each of the squares to determine the opportunities
for development or redevelopment and thus the current and future demand for

telephone lines and use made of the penctration factors.

To make these findings relevant, the two hundred metre squares were "grossed up" to

match the one kilometre square sections in the corresponding area as displayed in the

BMA map.
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To support the findings obtained from interviews with real estate developers, BT
conducted interviews with three groups of individuals who were directly or indirectly
involved in the construction development process in the BMA, to assess their opinions

on both the trends of building construction and telsphone usage within the city.

The first group consisted of architects, construction companies and contractors, real
estate agents (with international experience) and telephone vendors. Their opinions

on the following subjects were sought:

° The existing and potential growth areas in terms of project development,

° Telephone line use in "mature” (e.g. Silom, Ploenchit) vs. new commercial areas (e.g.
Ratchadaphisek, Bangna-Trad),

° Telephone line use by companies in different sectors of the economy (i.e. services,

manufacturing, commerce, government).

The second group consisted of commercial banks such as Bangkok Bank Ltd. and
Siam Commercial Bank Ltd. who were known to be leading financiers of major

construction projects. They were questioned on the following subjects:

° Which type of construction project do they finance and intend to continue supporting
during the next five years,

° Which areas in the BMA show the highest growth potential by type of construction
project, i.e. commercial and business office complexes, residential condominiums,
shopping centres, hotels, etc.

The third group consisted of business associations such as the Thai Hotel Association,

Association of Siamese Architects, Thai Contractors Association, Condominium
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Business Association and Association of Private Hospitals. This group was asked

their opinions on the following subjects:

° The expansion of the BMA, in general, and in particular within their specific areas
of concern,

° The telephone requirements of their members.

The opinions obtained from the above series of interviews were used to supplement

the findings in the database of map sectors.
To obtain some sort of relativity on the existing and potential market for telephones
in the BMA, the existing telephone system in Singapore was examined for two main

reasons:

« In Singapore, there was an over-supply of telephone lines, which was a complete

reversal of the situation in the BMA.

» The TOT viewed the over-supply situation in Singapore as their ultimate goal for

the BMA's telephone system.

4.2 Forecast of Demand

The following methods were selected as the most appropriate for use in the case

study, after consideration of the availability of data and availability of CCITT case

work for comparisons.




» Socio-economic modelling,

» Econometric modelling,

¢ Bottom up analysis, and,

e TOT & JICA Forecasts
4.3.3.1 Demand Assessment

To produce an existing demand assessment a bottom up method was used.

 The telephone areas in BMA were grouped according to districts, city core, suburban

and city fringe and their land usage identified as defined by the BMA.

e For each group one telephone area was selected for microscopic investigation of

housing types and usage.

 Penetration factors were then applied to estimate the telephone demand.

e The figures were then grossed up to one kilometre squares to give a telephone

density per square kilometre.

¢ The total estimate was then refined and enhanced by:

- known building development,

- known redevelopment,

- spare land usage cost of land.




e The following exchanges were selected for detailed investigation:

- Ploenchit Exchange Area (City Core),
- Don Muang (Suburban),

- Bang Chi (City Fringe).

The estimation methodology for current, and future, demand for telephone service by

square kilometre of the BMA follows.

The 36 districts of BMA were subdivided into one square kilometre blocks. Each

square kilometre was defined by its general characteristics as follows:

e population,

¢ land value in Baht,

¢ land use type (primary, secondary and tertiary),
s its distance from the centre of Bangkok, and,

¢ demand for telephone lines in 1990, 1993 and 1995.

All estimation procedures to be discussed henceforth were adopted on the assumption

that high-rise office buildings were a proxy to actual demand for telephone lines.

Demand for telephone lines in 1990 was estimated from:

» results of the survey did on the BMA's three geographical areas, namely, city

core, suburban and city fringe,




s waiting list of the TOT,
» existing buildings within the BMA at least six storeys high, and,

¢ the number of households in each district.

From the survey results, telephone usage per square metre of office space was
calculated. From the building database BT was able to determined the total usable
office space in each square km. (allowing for some adjustments for those buildings
below six floors.) Result of the above two were multiplied to arrive at the telephone
lines in use by business and commercial buildings. Some adjustments were made to
cover the residential buildings that were not condominiums as well as those buildings

below six-storeys high.

Result of the above were multiplied with the number of telephone lines in TOTs

waiting list to arrive at the actual demand for telephone lines in 1990.

New Major Developments in BMA required a comprehensive survey of major project
developers. Information collected from interviews and desk research enabled the
project team to identify those areas in BMA which were undergoing fast construction
development, what types of buildings were being developed, total usable office space
or floor area of each building and, to a large extent, the demand for telephone lines by

each project. Istimates had been provided for incomplete data on telephone demand.

4.3.3.2 TOT Forecast

TOT provided their forecasts of connection demand, identified separately by exchange
area, and a statement of exchange line units to be provided by the end of their 6th

project. No year on year implementation plan was available.
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The starting point for the connection forecasts was workers and waiters. The
forecasting procedure as described by TOT involves reconciliation of separately
initiated top-down and bottom-up procedures. TOT describe principles of field

survey, penetration factors and GRP estimation.

In the provinces, historical data and comparison with similar areas were made; TOT
also conduct customer interviews regularly which indicated that they would like more
lines, but TOT has said that it was not unusual to find that the consumer had not
even bothered to register this interest because of a recognition that lines were just not
available. Organisations had also adopted a number of stratagems to overcome these
inadequacies, involving, e.g. provision of their own networks, laying their own
distribution cable, use of private radio systems and, particularly in recent years, use

of the public cellular networks.

4.3.3.3 CCITT Gas 10 Socio-Economic Model

The CCITT GAS 10 forecasting model was derived from general socio-economic
studies related to the distribution of household income and the telephone density
function. Two socio-economic studies were undertaken by the CCITT in Thailand and

their sample sizes used represented 0.115% of the total number of households.

In the CCITT study, use was make of surveys undertaken by the Thai NSO in
1975/76 and 1981, Due to the sample sizes used, 11514 households in 1975/76 and
11895 households in 1981, detailed investigations could:only be made on a regional
level. Due to the relatively limited available sample sizes, the study involved the

division of the country into four different geographical areas.
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For all these areas, the CCITT has distinguished between urban and rural areas, the
former being represented by what is called Municipal Areas (MA) and the latter by

Sanitary Districts and Villages (SDV).

Before the forecasts for the years 1995 and 2000 were made the potential demand for

the years 1976 and 1981 and 1990 were calculated to validate the model.

4.3.3.4 BTs Socio-Economic Model

Data was obtained from the published Thailand Government Statistics covering
Population, Gross Regional Product, Prices, Number of households and household
size. Figures from the years that were available were then extrapolated to form a
long-term view about the growth with time of Regional Product, Population and

Prices for each region.

Although actual regional product figures could be obtained for a few years and used to
forecast the future growth rates, the method was not as reliable as using a recent
estimate for the growth of the economy as a whole. The regional estimates were
therefore revised to take account of the estimated growth forecast and were adjusted

by the difference between this figure and the initial forecast.

The GRP growth and population figures enable per capita GDP to be calculated for
each region at 1990 and 1999 and this was used to estimate the expected telephone

penetration. A broadly log-linear relationship was assumed to exist between the per

capital GDP in US$ and telephone penetration.




Using regression analysis, the coefficients of the relationship were derived and used

to forecast telephone penetrations based on current and future per capita GDP.

The figures obtained for expected telephone penetrations at 1990 and 1999 were then
multiplied by the forecast regional population at those dates to give a figure for the

expected demand for telephones at 1990 and 1999.

4.3.3.6 CCITT Econometric Model

The CCITT econometric model combines economic analysis with statistical data and

mathematical correlation. These were combined in one quantitative process.

For their study, ultimately a model was developed using only one independent
variable. Multi-collinearity relationships among the other independent variables
were considered and the limited amount of data proved that it was not suitable to use
more than one variable. Hence, a simplified relationship between demand and the

single independent variable of GRP provided them with the overall best model.

4,3.3.6 BT Econometric Model

A series of models was developed which overcome some of the difficulties experienced

by the CCITT.

A model was developed relating Residential system growth to growth in Real

Consumers Expenditure and price. The model was in the form of an adjusted logistic

penetration curve, assuming a saturation level of 1 connection per household.




From the available data, it was not possible to obtain a long series of strictly Business
connections. The series modelled was therefore non-residential connections, which

also include public call offices and service lines.

Since Business and Government lines between them comprise some 92% of non-
residential connections, it was considered a suitable proxy for true Business
connections in an econometric modelling context. Again a logistic penetration curve
was used with a saturation of 1 connection per 0.04 Special Drawing Right (SDR) per
Capita the level to which the Bank of Thailand aspires when Thailand achieves NIC

status.

4.3.3.7 International Comparison

International comparisons had been made with 12 other European, African and Latin
American countries selected as being comparable, from a modelling view, with
Thailand in terms of GDP per capita and economic structure. The 12 countries

selected compare with Thailand are as follows:

COUNTRY GDP per % Output deriving from
Head (US$) Agriculture Manf. Services
Bolivia 600 23.8 34.6 41.6
Cameroon 1043 21.4 35.5 43.1
Dominican Republic 714 16.1 29.6 54.3
Ecuador 1160 15.3 36.9 47.8
Egypt 775 224 29.9 47.7
El Salvador 763 23.9 245 51.6
Guatemala 889 25.6 20.0 54.4
Honduras 740 28.4 19.2 52.4
Nigeria 800 23.8 34.0 43.2
Thailand 771 223 30,0 47.7
Tunisia 1140 17.2 33.5 49.3
Turkey 1120 20.5 33.9 45.6
Zimbabwe 629 13.6 34.3 52.1
Un-weighed Average 869 21.0 30.5 48.5

(exc. Thailand)




The un-weighed average GDP per head of the 11 comparitor countries was at US$
869, higher than Thailand, to reflect the strong growth prospects for the Thai

economy over the next 10 years.

4.3.3.8 JICA Forecast

The basis of the residential connection forecast was the identification of households
whose income levels were more than 7000 Baht a month. An estimation had to be
made on the number of house holds based upon a forecast of the increasing population

and the decreasing size of each household unit.

The business connection forecast was based upon the number of employees who had
no less than upper secondary school education level; number of connections per
employee in USA, UK, Canada, Sweden and Japan; calculation of connections on a
pro-rata basis assuming one employee in the above named countries equate to one

Thai employee of at least secondary level education.

JICA also developed two further ‘expressed demand' models for Bangkok and Rest of

Thailand based upon existing connections and waiters.

5 Bangkok

The BMA of 1568 square kms, is divided into 36 Districts. Bangkok's Department of
Town and Country Planning has classified districts within the BMA into 3 groups:

City Core, Suburban, and City Fringe according to their population densities and

locations. They are:




LOW DENSITY RESIDENTIAL
HIGH DENSITY RESIDENTIAL
COMMERCIAL

INDUSTRIAL AND WAREHOUSE

AGRICULTURAL

The districts that comprise Bangkok are as follows:

CITY CORE 16 districts (populous central areas)

1. Yan-na-wa 9. Dusit

2. Sathorn 10. Bang-sue

3. Bang-kor-lam 11.  Phra-na-korn
4, Bang-rak 12. Pom-prab

5. Patumwan 13. Sumpuntawong
6. Pha-ya-tai 14.  Bangkok-Yai
7. Rajtevee 15.  Thonburi

8. Huay Kwang 16.  Klong-sarn
SUBURBAN 13 districts (lower population density than city core)
1. Bang-Khen 8. Phra-ka-Nong
2. Don-Muang 9. Klong-Toey

3. Ja-tu-jak 10.  Pra-vet

4. Bangkapi 11.  Pa-see-jaroen
5. Lad-prao 12, Bangkok-Noi
6. Bung-koom 13. Bang-plud

7. Rat-boo-ra-na

CITY FRINGE 7 districts (agricultural area)

1. Nong-jok

2. Meen-buri

3. Lad-Kra-bung

4. Ta-ling-shun

5. Nong-kam

6. Bang-Khun-Tien

7. Jom-tong




TOT has defined the Bangkok Charge Group as the BMA and the provinces of
Patumthani, Nonthaburi and Samutprakarn. CAT has defined its Bangkok Charge
Group as postal areas covering the BMA and Samutprakarn. MOC has defined a
Greater Bangkok Area as the BMA and the five adjacent provinces: Nonthaburi,
Samutprakarn, Patumthani, Samutprakarn and Nakornpathom that is equivalent to

the BMA.

5.1.1 City Core

The city core consists of 16 districts. Its population was 1.6 million in 1970 and grew
to 2.3 million in 1980 and 2.4 million in 1985. Since that time there has been a

decreasing trend in the city cores' share of the total BMA population,

The classification of the districts directly related to the city core area are those of

Saturated Urban Area or Slow Growing Urban Area.

Population density for the area continues to decline as the official NSO census
statistics were based entirely on residential status. On a percentage basis
approximately up to 30% of the population of the area were transient or expatriate,

commuting daily into the area.

The redevelopment of the city core area has continued unabated since its conception
in early 1987 and seems likely to continue for the future. The majority of the
property expansion was in concrete high-rise commercial buildings, with a higher

than average telephone demand.
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On this basis, the traditional concepts of long term planning for telephone demand,
which can be successfully implemented in areas of regulated growth, proved to be
totally inaccurate in this high demand commercial environment. To achieve a
reasonable situation of service on demand, TOT planned for a much higher than

normal percentage of installed spare plant than the forecast predicted.

65.1.2 Suburban

The suburban area comprises thirteen districts, its population has grown rapidly
during the last fifteen years having increased from 1.3 million in 1970, to 2.1 million
in 1980, and 2.6 million in 1985. As a result the suburban share of the total Bangkok
population increased from 41% in 1970 to around 47% in mid 1985. Of the three
zones within the BMA, the suburban area had the highest population growth rate
averaging 4.9% per annum between the years 1970 to 1980, decreasing slightly to
4.6% during the last five years, Almost half of that growth was concentrated within
just two districts Bangkhen and Bangkapi, with Bangkapi having the highest
population growth, averaging over 10% per year between 1970 and 1985, followed by

Bangkhen which has grown at an average rate of 6.7% per year.

The classification of the districts is as follows:

Rural Areas (Nong Choke, Minburi, Lat Krabang).

Transitional Areas (Bang Khun Thian, Taling Chan, Nong Khaem).

FFast Growing Urban Areas (Yan Nava, Huai Khwang, Phra Khanong,

Bang Khen, Bang Kapi, Phasi Charoen, Rat Burana).

Slow Growing Urban Areas (Bang Rak, Dusit, Phaya Thai, Thon Buri, Klong

San, Bangkok Noi, and Bangkok Yai).
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Saturated Urban Areas (Phra Nakhon, Pom Prap, Sattru Phai, Pathum

Wan, Samphanthawong).

Population densities in suburban district range from 1,600 to 9,800 persons per

square km. with a mean of 4,500.

The districts classilied as fast growing and transitional were projected to grow the
fastest, at a rate over 3% annually during the sixth plan. Fast growing urban areas
and transitional areas share of the total BMA population was projected to increase
from 46% in 1980, to 53% by the end of the sixth plan, whilst the proportion
accommodated in the saturated and slow growing areas was projected to decline from

51% to 44% during the same period.

The bulk of new growth was projected to occur in fast growing and transitional areas.
Between 1980 and 2001 their population was expected to increase to some 2.2 million
thus accounting for some 14% of the total BMA growth. In particular the population
of the combined area of Huai Khwang, Phra Khanong, Bang Khen and Bang Kapi
district, to the east and the north east of Bangkok was projected to grow by 1.4
million, i.e. 14% of the total BMA growth during 1980 to 2001. The latter two were
areas where major investments in urban transport had taken place or were
recommended for the sixth plan period. [t was expected that the population density of
the high growth amphoes would double on average between 1980 and 2000 with Bang

Khen adding more population than any other amphoe over the period.

The population of Pathum Thane was 0.33 million in ;1980 and was projected to
increase to 0.68 million in 2001. The population growth was expected to be

distributed relatively evenly among the amphoes. Some 30% of the total changwat
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increase between 1980 and 2001 was expected to be in Klong Luang followed by
Thanyaburi and Amphoe Muang which were projected to have 25% and 14% of the
total population increase. It was forecast that Thanyaburi and Klong Luang would
have a growth rate averaging 4% per year. The growth rates of Lam Luk Ka and
Amphoe Muang were also expected to be high and to continue to increase over the
period between 1986 and 2001 in part a reflection of the location of infrastructures

and industrial zones projected for Pathum Thane.

5.1.3 City Fringe

The city fringe districts were potentially one of the greatest population growth regions
in Bangkok. Concerning the National Economic and Social Development Board 6th
National Plan; Changwat Pathum Thane, for example, was expected to increase in
population at a rate of 3.52% per annum over the period 1986 - 2001, with 25% of the
total increase expected within amphoe Muang. The rate of growth takes no account

of the expected continuation in the rapid industrialisation of the Bang Kradi area.
The trends identified by Cables De Lyon field studies indicate an average growth in
the demand for telephone service in the area around investment the, of 14.4% per

year from 1986-1991 and then 9.9% until the year 2001.

5.1 Bangkok at the Micro Level

THE PLOENCHIT EXCHANGE AREA

Ploenchit Exchange is situated in the city core of BMA. It covers an area of 15.4

square kms, It is situated in what is considered one of the most prestigious parts of
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Bangkok, and can be classified as almost completely business. The three districts:
Phayathai, Patumwan and Phrakanong combined within the exchange area as part of
the city core is classified by the BMA as saturated or slow growing, although
accurately applied up to 1987, the area has since seen a considerable amount of

property development resulting in a very high un-forecasted telephone demand,

The majority of the areas population were transient, either tourists resident in the
many ‘high' and 'medium’' class hotels, or workers, employed in offices, banks or

department stores.

The area also encompasses many of the foreign embassies located in Bangkok.

Over the last two years many of the older residential properties with large gardens
had been demolished, and redeveloped with high class residential condominiums,
business enterprises, or hotels: examples of this type of redevelopment were the

World Trade Centre and the rebuilding of the Erawan Hyatt hotel.

The BMA expect that the changes would continue for the future with on ongoing
trend in the conversion of existing properties into high class, multi storey buildings

encompassing residential, business or retail units.

Ploenchit Exchange area has achieved more than average growth since the

implementation of the 5th NESDP plan.

Because of the continuing development trend, it has been necessary for TOT to
monitor constantly the area to satisfy demand as required by customer request, or by

TOT Planning Staff. With their familiarity with the exchange area, it has been
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possible for TOT to establish, with a reasonable degree of accuracy the growth of the

telephone network.
Development of the exchange area can be divided into 2 classifications:

e The traditional growth in demand which was derived from an increase in

population, better working conditions, and higher living standards.

e The new business demand which was based on a forecasted requirement, derived

from the projected utilisation of new buildings.

The first classification applies in the main, to existing residential property and small
businesses, which were served from distribution cabinets. The growth trend in this
instance was estimated at 2% overall, but actual total numbers were declining as

more and more property was demolished for the construction of new buildings.

The second classification demand was established by analysing request to TOT
commercial section by customers, i.e. a stated telephone requirement. The demand is
served either by the provision of large cablesr terminated on a remote digital frame, or
if the projected demand was expected to be of a very high order, by the provision of a

remote switching unit.

Under the development programme, Remote Switching Unit (RSU) areas had been

allocated within the exchange area:

Indra Regent Complex

- Hollywood Shopping Complex




Krung Thai Bank Head Office

The World Trade Centre

Where demand was required to a single unit construction, but was of lessor order
than that required for the provision of an RSU, service was generally provided by a

single direct feed cable.

Speculative development was included in the TOT forecast to allow for telephone
demand arising from unknown developments which would be constructed during the

10 year planning period.

With many open land spaces still available development can be expected anywhere.
However, with the probability that all the knan developments had been included no
speculative development was accounted for between Base and Base + 5 in the forecast
of demand. TOT assume a slow down in developments, one average size (100 Units)

building was speculated each year between Base + 5 and Base + 10.

For providing the high-rise buildings with 'goods and service' some speculative

development was forecasted.

A complete top down and bottom up the assessment of demand for the Exchange area

of Ploenchit was carried out by TOT consultants D&N.

They obtained an updated waiting list from TOT Commercial section and all

applications for service investigated and identified.




Applications for high demands were considered according to the application
concerned, other property units which were categorised as requiring investigation,

were visited and the responsible person located and requirements discussed.

These investigations indicated that the actual demand at Base and the projected
demand at Base + 5 produced higher penetration factors (PF) than those used by
TOT. On this basis, adjusted figures were used; a summary of the PFs and demand

densities are given at the end of the case study.

The general terms the following situation exists in Ploenchit exchange area.

Total customers connected (approx.) 52,500

Total waiters (approx.) 17,000

DON MUANG EXCHANGE AREA

Don Muang exchange area is situated to the suburbs of BMA in the district of

Bangkhen. It covers an area of 12.1 square kms.

Within the exchange boundaries are situated the Bangkok International Airport
complex, The Royal Thai airbase of Don Muang and an integrated Remote Switching
unit known as Muang EK. The area, designated as a fast growing suburban, is a

mixture of existing residential housing of medium and high classification. Similar

projects were under construction in area's allocated for development.




The industries tend to be of medium size catering for domestic needs and the local
consumer infrastructure which is always present in high density populated areas.

These were located in three storey shop houses bordering the main roads.

The combined land usage of the projects totals 5,300 rai and on completion would
have added 16,886 medium and high class building units to the area. In addition,
areas which were considered as existing residential, which over the last few years
had experienced rapid expansion, but were not yet fully developed, were expected to

be completely in-built within the five year planning period.

With the exception of Muang EK. which was not included in the 42 projects, although
a large extension to the area was anticipated, most of the future expansion would be

to the east of Phaholyothin road or to the north of Lam Luk Ka road.

Further information, regarding future trends for the area, was obtained from the

office of Town and Country Planning and the National Housing Authority.

The National Housing Authority the government body responsible for the housing of
the homeless and lower income families, has identified areas where housing
commiserate to the needs of the community and their ability to support themselves
can be constructed near to support facilities, and good communications. In the 6th
Development Plan about 50,000 housing units would be required each year in 14

areas suitable for this purpose, three were situated in Bangkhen.

Due to the geographical complexity of the exchange area and the demand

requirements, it has been impossible to consider the exchange area of Don Muang as
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a separate entity within its defined boundary. Areas exist within this boundary to

which service cannot be readily provided within the normal transmission limits.

The existing site locations for the exchanges of Thanyaburi and Lam Luk Ka, were

such that the geographical separation is 16.5 kms. and 11 kms. respectively.

Ratanat Kosin, is an existing development situated on the Pathum Thane road north
of the Don Muang Exchange area, within the existing defined Rangsit exchange
boundary. At the time there were recorded 2,885 existing building units. Space exists
within the estate layout for property expansion which would certainly be carried out
before Base + 5. The distance to the site entrance from Rangsit exchange is 5.6 kms.

Rangsit has an existing 1,918 customer base.

The penetration factors (PF) were calculated from a statistical study of various areas
within the existing exchange area of Don Muang. The areas selected for analysis
comprised existing developed properties, with little or no waiting list, and where
telephone service was not subjected to a lack of line plant. In total 71 areas of mixed
housing units were identified, and the existing service situation investigated. From

these results the average PF for the exchange area were calculated.

The figures indicate an average service growth of 7.8% which was consistent with the

area development concept.

This data was combined with other general survey of other Suburban Areas to give

the overall penetration factors.

332



BANG KRADI EXCHANGE AREA

Bang Kradi exchange is located in the administrative district of Pathum Thane, in
the city fringe of Bangkok. Concerning the 6th National Plan, Changwat Pathum
Thane was expected to increase in population at a rate of 3.52% per annum over the
period 1986 - 2001, with 25% of the total increase expected within amphoe Muang
Pathum Thane district, which itself was expected to increase at the slightly lower

growth rate of 2.82%

This rate of growth which was one of the highest within the metropolitan area, was
attributed to the expected continuation in the rapid industrialisation of the Bang

Kradi area.

To gain an insight into the rate of growth of future building, it was first necessary to
assess the increase in population by application of acceptable growth factors. All such
factors used in the following projections were taken directly from the following

sources.

'Population and Housing Census' by the Faculty of Political Science at Chulalongkorn
University, in conjunction with the National Statistics Office for the 6th National

Plan.

- Population growth = 2.82% per year.
- People per household. = 5.8 reducing to 5.2 by 2000

- Residential houses at time of survey = 2099
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To establish demand for a 10 year provision period, it was also necessary to take into
consideration vacant lots (in-fill sites) and empty areas of land (speculative sites) that
were expected to develop within the forecast period. In-fill sites, 485 at Base + 5,

566 at Base + 10 and speculative sites, 1965 at Base + 10

As it was the propose of the Forecast to evaluate demand for a provision period of 10
years and to minimise the potential numeric recalculation of cabinet areas, part of the
empty areas of land within these cabinets has been evaluated as a speculative site, be

it Speculative Residential (SR) or Speculative Business (SB).

However, should the calculated demand for any cabinet area be formed mainly from
these SR/SB sites, they can be deferred until the actual development of these sites
occurs and creates demand sufficient to warrant the installation of the cabinet. By
calculating cabinet areas in this manner, a realistic 10 years provision period can be
achieved and as these sites were only evaluated at Base + 10, they do not in any way

in influence the initial primary cable instalment,

During the detailed "Field Survey", it became evident to the BT team that Bang
Kradi is developing at a fairly rapid rate. As previously mentioned, this was probably
due to the increasing number of industrial facilities that had already been established

or were either under construction or planned for the future.

The industrialisation has generated many new employment opportunities which had

led to a growth in housing development and commerce.




6 Demand and Forecast Study Results

6.1 Market Opinion Survey

Information obtained from existing documents include:

e Population data in each of the 24 districts of the BMA from the National Statistical

Office.

¢ List of projects given building permits around the BMA during the period January
1980 to January 1990 from the Building Regulations Division of the Bangkok

Metropolitan Administration,

¢ List of construction projects awaiting approval from the Bangkok Metropolitan

Administration;

» Housing projects under the sponsorship of the National Housing Authority from

1987-1991.

o New roads to be constructed and old roads to be expanded from the Bangkok

Metropolitan Administration,

» Bridges to be built from the Department of Public Works of the Ministry of Interior,

¢ Route plan of the second stage expressway from the:Express and Rapid Transit

Authority of Thailand,
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e Land use maps from the Bangkok Metropolitan Administration,

» Telephone exchange maps from the Telephone Organisation of Thailand, and

e Cost of land around the BMA from a report compiled by the Thailand Investment

and Securities Co., Ltd.

Interviews conducted were of two types:

* Type A refers to interviews with government planners, project developers, business
associations and other organisations such as commercial banks, architects,
telephone equipment vendors who were directly or indirectly involved in the

development process of the BMA, and,

* Type B refers to interviews with users of telephone exchanges including building

managers or owners and occupants of the building.

¢ Government Planners

« National Housing Authority

* Public Works Division, Bangkok Metropolitan Administration
* Department of Public Works, Ministry of Interior

e The Expressway and Rapid Transit Authority of Thailand

* Project Developers

» Associations

e Architects and Contractors

s Equipment Suppliers




+ Commercial Bankers

« Real Estate Agents

6.2 CCITT GAS 10 Socio-Economic Model

The CCITT GAS 10 forecasting model was derived from general socio-economic
studies related to the distribution of household income and the telephone density
function. Two socio-economic studies were undertaken by the CCITT in Thailand and

their sample sizes used represented 0.115% of the total number of households.

In the CCITT study, use was make of surveys undertaken by the Thai NSO in
1975/76 and in 1981 and covered the whole country. Due to the sample sizes used,
11,614 households in 1975/76 and 11,895 households in 1981, detailed investigations

could only be made on a regional level.

Their study of household expenditure distribution and telephone density functions

were made for the following areas:

Bangkok Metropolis
Northern region
North-eastern region
Central region

Southern region

For all these areas, the CCITT has distinguished between urban and rural areas, the
former being represented by what is called Municipal Areas (MA) and the latter by

Sanitary Districts and Villages (SDV): Before the forecasts for the years 1995 and
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2000 were made the potential demand for the years 1976 and 1981 and 1990 were

calculated to validate the model.

6.2.1 Basic Data Required

The data needed for the forecasts were taken from several sources and related to the
long-term plans drawn up by the Government on the social and economic

development of the country.

The following information was used in the study:

s Development of population and households

The potential users of telephone services for the residential use were the households.
_The long-term evolution of population and household size was studied to forecast the
number of households by regional distribution, social character, professional category

or any other division desired (and available from the sample survey data sources).

» The household expenditure (or income) distribution

From the socio-economic surveys mentioned previously, the frequency distribution of
expenditure (income) of the households was known. These functions were derived for
regions of the country, urban or rural areas, ethnic groupings, professional categories,

etc. as necessary for the investigations.

The long-term trend of expenditure (income) was investigated by utilising estimated

from the government plans on consumption and investment development. The

338



development trends on consumer price index (CPI), also a useful measure for this

development trend on household expenditure.

e Telephone service density function

The density function was calculated from the above-mentioned socio-economic sample
surveys. [t shows how the use of telephone services was related to the expenditure
(income) level of the households. The same kind of stratification's used for the

household expenditure distribution were also used.

6.2.3 Forecast of Potential Demand

The base document for CCITTs forecast of population development in Thailand was
the ESCAP publication, Country Monograph Series No. 3, Population of Thailand. As
the document was relatively old, 1976, CCITT complemented it with more recent
data, including the Fifth National Economic and Social Development Plan (1982-

1986).

Since it was of particular interest to know the development of households by region
and subdivided for urban (MA) and rural (SDV) areas, the CCITT studied available
data from 1960, 1970, 1976, 1980/81 and 1985 to forecast the demand of telephone

services for the residential users.

A factor of importance was the Thai Government plan to reduce the population

increase to 1.5% after 1986. CCITT has considered a ‘reduction of the population

increase that approaches this value.




As the use of telephones, is directly related to the number of households, it was
important to note that the size of the households was gradually decreasing. CCITT
considered that 5.2 persons per household would gradually decroase to 4.5 persons
per household in the year 2000. This figure was for the country total which was
tentatively used for the regions, although it was realised that the size of the
household would vary for regions and for urban or rural areas. CCITT, felt that the

differences were not important.

6.2.4 Residential-Business Telephone Users

The CCITT surveys used for investigating telephone demand were based on

interviews of households. It covers therefore mainly the residential type of users.

The business and official telephone users were therefore not included and had to be
estimated separately. Since this user category is usually the dominating one in
countries with a relatively low telephone penetration great care has to be taken to

evaluate the future development.

When the demand of telephones can be provided to both the main categories,
residential and business, in an unbiased way, i.e. business users were not given
priority to obtain telephones nor were the ingtallation charges such that they in an
indirect way create a biased satisfaction of demand: during such circumstances the
trend function of the penetration of residential users (of the total number of telephone

users) follows a curve similar to the one shown in figure 81.

The same kind of function for the case of Thailand is shown in figure 82 for the cases

of Bangkok and the Provinces. This curve reveals that the relative number of
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residential telephone users was higher in Bangkok than in the Provinces. It was also
clear that until 1982 the business and residential telephones in Bangkok were almost
stable at 50/50, whilst in the Provinces the residential telephones had continued to

progress.

6.2.6 Household Expenditure Frequency Functions

The demand for telephone services is closely related to the expenditure (or income) of
the household. To forecast the demand, one has to know both the household

expenditure function and the telephone density function.

From the socio-economic surveys, CCITT obtains the expenditure functions for the

four regions and BMA.

These functions had been calculated for the situations at years 1975/76 and 1981,

corresponding to the two survey years.

The density functions were relatively stable in time and were assumed to have the

function as given in the tables for 1981,

The main reason for the increase of demand, at similar tariff situations, lies in the
fact that the expenditure (and income) increases by time. This increase is mainly due
to inflationary reasons. The data for 1975/76 and 1981 follow very closely the CPI
index changes, e.g. the Median point of the accumulated household expenditure
function was 1855 Baht for the Kingdom in 1975/76; it moved to 3199 Baht in 1981.
This corresponds to a factor 1.725 (3199/1855) which corresponds very well to the CPI

change from 197G (= 100) to 1981 (=172.1).
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6.2.6 Service Density Functions

Investigations by CCITT in Thailand and three other countries in Asia had shown
that the expenditure functions and density function were both simple expressions of a

logistic type and well explain actual data.

As mentioned earlier, the density functions tend to remain stable by time, contrary to

the expenditure functions.

It has also been found that density functions in different countries were found to be
similar, expressed in the same currency. The example from Bangkok and Singapore
shows how the data from telephone density and TV density were very similar in both

cases.

The calculated parameters for the expenditure and telephone density functions, for
the various regions, as well as the calculated average percentage demand, were given

in detail for the years 1975/76 and 1981.

6.2.7 Demand PF Telephones in 1975/76 and 1981

Before calculating the forecasts for 1990-2000, the CCITT investigated the demand of
residential and business telephone users for these two years. Since the demand of
these was considerably higher than the actual statistical figures on working lines
show, it was important to have this evaluation as starting points for the lorecasts for

the next 15 years.
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Inflation usually makes the income function (expenditure function) grows rapidly by
time and that usually the telephone tariffs increase slower, makes the tariffs appear
lower relative to income. This has a catalysing effect on demand of services from the
lower income groups of households. One can therefore expect that the potential
demand in the future would grow fast. How well this demand can be satisfied is a
question of financial means available and Government policy towards the
telecommunication sector. The Thailand Government places high priority on the

development of the telecommunication services.

The demand for telephone services in 19756/76 and 1981 has been evaluated from the
available statistical data and the household expenditure surveys. The figures were
considerably higher than the actual working customer lines in those years. The fact
the major part of the population of Thailand lives in the rural areas of the country

makes these areas the greatest sources of new telephone demand in the future.

6.2.8 Forecasts for 1985, 1990, 1995 and 2000

From the detailed data for years 1975/76 and 1981, the CCITT was able to define the
expenditure and density functions for these years. The potential demand for
residential and business users was also calculated. They were able to evaluate the
potential demand in those years which formed a starting point for their forecasts for

the next 15 years,

As the density functions were relatively stable over time, they applied for the
forecasting period, the same density parameters as obtained for 1981. From the
1975/76 and 1981 data, one sees sometimes a variation in the B constant. If the B

constant increases (in absolute value), the A constant alse increases such that factor
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A/B remains almost the same. This means that the median value for the density

function is unchanged (Median = exp(-A/B)).

The change of the expenditure function is thus the most important function to

estimate for the future years.

For the year 1985, the official CPI value (= 194.4) which was used to evaluate the

change in expenditure per household for 1985.

Their 1990 value for CPI was calculated from the statistical data on CPI for the
period 1976 to 1985, using the double exponential smoothing method, being 222.7;

which was accurate as the actual value for 1989 was 221.7.

For the other five year periods, they assumed that the expenditure per household

would increase yearly by 4% (1990-1995) and 5% (1995-2000).

The development of a relationship between residential and business users was
another important and difficult, matter., That this relationship had not reached
equilibrium obliged the CCITT to hypothesise on the evolution. As they were
forecasting the potential demand, they assumed that the business users reach about
20% of the total for the country totals, The business users were further considered to
be relatively larger in the urban areas than in the rural areas. Also the particular

case of Bangkok, with a higher business proportion has been considered, as the

available statistical data also show.




6.3 BTs Socio-Economic Model

Data was obtained from the published Thailand Government Statistics for each
region in question under the headings Population, GRP, CP], Number of households
and household size. Figures from the years which were available were then
extrapolated linearly to form a long-term view about the growth with time for each

region.

Although actual regional product figures could be obtained for a few years and used to
forecast the future growth rates, this method was not as reliable as using a recent
estimate for the growth of the economy as a whole. The regional estimates were
therefore revised to take account of the estimated growth forecast and were adjusted

by the difference between this figure and the initial forecast.

The GRP growth and population figures enable per capita GDP to be calculated for
each region at 1990 and 1999 and this was used to estimate the expected telephone
penetration. The broadly linear relationship between the per capital GDP in US$

and telephone penetration was assumed noting the reservations of this method by the

CCITT.

Using a linear regression analysis, the coefficients of the linear relationship were
derived and used to forecast telephone penetrations based on present and future per

capita GDP.

The figures which were obtained for expected telephone penetration at 1990 and 1999
were then multiplied by the forecast regional population at those dates to give a

figure for the expected demand for telephones at 1990 and 1999. These figures were
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also used to derive the annual growth which must be achieved to increase the number

of connections from that at 1990 to that given at 1999.

The figures show that by far the greatest potential demand was in metropolitan
Bangkok and this was born out by its central position in Thailand's economy. Of the
other regions examined, the central region has the smallest number of connections,
because of its relatively small population, but has the highest growth rate outside
metropolitan Bangkok due to buoyant economic growth and a population growth rate
which was higher than average. Conversely, the North East has the largest number
of telephones because of its large population, but has the slowest growth rate due to

relatively sluggish economic performance.

6.4 CCITT Econometric Model

The econometric model combines economic analysis with statistical data and

mathematical correlation. These were combined in one quantitative process.

The general model as recommended by CCITT can be expressed mathematically as

follows:
Yi = agt+by x1p+bg x9p +....+by xp +ey

where
Y is the dependent variable, in this case (demand),
ag is the constant term (intercept) in the equation,

by.bg..by were coeflicients expressing the quantitative
relationship between Y and X

et is a term to account for error,
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X1t X9t..x  were independent variables,
typical examples include gross domestic product,
consumer capital investment expenditures,

population, number of households, etc.

The model requires a calculation of the intercept and coefficient of the independent

variables. The calculation can be performed by the techniques of multiple regression.

The following steps illustrate CCITTs application of its econometric model in

forecasting the future demand for provincial telephone service in Thailand.

e The availability of data to CCITT was very limited. The economic independent
variables considered included population, number of households, gross domestic
product and gross provincial product. Other potentially important factors such as
capital investment and consumer expenditure were not considered since reliable

forecasts of these variables did not exist.

* A hypothesis was formulated to relate the independent variables x1¢ , x9¢ , x3¢

x4t to the dependent variable Y¢.

For their study, ultimately a model was developed using only one independent
variable. Multi-collinearity relationships among the other independent variables
considered and the limited amount of data proved that it was not suitable to use more
than one variable. Hence, a simplified relationship between demand and the single

independent variable of 'gross provincial product' provided them with the overall best

model.




The final form of the model was:
Y¢ = aa xBy

which was derived from the linear relationship

InY; = aa + B Inxt
where Y = Total customer demand in year t,
a = Constant terms,
aa = In a,
B = Coeflicient,
X = Independent variable (e.g. gross

provincial product) in year t.

¢ The method of ordinary least squares was used to estimate the parameters a and B
of the regression equation. The coeflicients of the model wee estimated from
historical values of demand and GRP. As historical data was very difficult to
obtain; a pooling of cross sectional and time series data was introduced. This
pooling increased the reliability of the parameter estimates by increasing the degree

of freedom.

In the analysis, pooling uses the observations for some number, N, of different
primary centre (PC) areas over a number (T) of time periods. For the analysis several
primary centres were grouped together, based on common characteristics. In their

study, 15 such groups were considered.

As a result, the following constant term and coeflicient were estimated using the

ordinary least squares method:

InY = -2.929 + 1.429 In GRP
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The results for the forecasted demand using this econometric model for a sample PC
is shown in figure 83. The graphical results of the forecast for GRP, as obtained from

external sources, were also illustrated in figure 83.

6.5 The BT Econometric Model

A second series of models based upon the BTs UK model were developed which
overcome some of the difficulties experienced by the CCITT. It used as base data the

following economic forecast as input data.

It assumed that economic prospects and performance in Thailand were excellent. In
the next decade Thailand is likely join the ranks of the Newly Industrialised
Countries. However, Thailand is both commodity and export dependent. In 1988
exports made up 29% of GDP, and 25% of merchandise exports were commodities
(Rice, Rubber, Corn, Tapioca products, Sugar and Tin). The forecasts had been made

on the basis of 3 'scenarios' concerning the Thailand economy They were:

¢ An optimistic case, based on world trade growth of 7-8% per annum,

e A central case, consistent with BT's economic assumptions for its Corporate

Strategy Review. World trade grows by 5-6% per annum.

» A pessimistic case, based on world trade growth of 4-5% per annum,







6.5.1 Residential Connections Growth

Residential telephone penetration, defined as connections per 100 households, over
the period since 1968, has grown steadily, and by 1987 had reached 6% of households.
This growth, however, masks the inequality of telephone penetration in Bangkok
(estimated at 36%), and the provinces (estimated at 2%). Central case demand in
2000 has been assessed at 1 line per households outside (based on growth to date), to

yield an overall penetration of 17%.

As in other studies, it has been assumed that market development can be

characterised by an S shaped curve reflecting:

- An externality eflfect, as more households obtain telephone service, the product
becomes more visible, and of more value to a potential customer, as more people were

contactable

- A finite market effect, most households were unlikely to need more than 1 telephone

line and, as reported above, a more realistic saturation might be 15%.

A model has been developed relating Residential system growth to growth in Real
Consumers Expenditure and price. As in other studies, the model was in the form of

an adjusted logistic penetration curve, assuming a saturation level of 1 connection per

household.




6.6 CCITT Logistic Model

In forecasting telephone penetration in a developed area where demand was expected
to saturate in the future, such as the metropolitan telecommunication area of the
country, a logistic curve model was considered the most appropriate. The logistic
model accounts for a future situation where there would be demand saturation, and

hence, a gradual decrease of the annual growth rate.

The logistic model can be expressed mathematically as follows:

Yok _
N l+me™
where Y = Total customer demand in year T,
N = Total population in Year T,
T = Forecast time unit,
m,a = constants,
k = Limit value.

The value of k is directly related to the number of both residential and business
telephone users. For a metropolitan telecommunication area, the k -value should be
larger than the k value used for national demand forecasting, because the

metropolitan telephone density is generally higher than the national average.

For Bangkok metropolitan telecommunication, the future number of persons per
household was estimated to be three, (in 1990 it equalled five). Furthermore, it was

estimated that at a saturation there would be 1 telephone per household. With these
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values, the value of k for residential users equals 1 telephone per 3 persons per
household, .or. 0.33. The value of k for business users was assumed to be
approximately 1/2 of the residential k value, 0.17. Hence the composite k value for

both residential and business users is as follows:

k= k residential + k business =0.33 + 0.17 =0.50

This value for k allows the logistic curve model to weigh adequately the impact of
business customer demand which is an essential consideration for a metropolitan
telecommunication area with the economic characteristics as found in up country.
The generalised customer demand curve, using the logistic model has three phases of

growth, i.e., starting, rapid, and saturation.

6.7 BT International Comparisons

The analysis has been based on statistics of telecommunications demand and revenue
obtained from TOT Report and Accounts, and statistical report, supplemented by ITU
Yoarbooks of Common Carrier Telecommunications Statistics. Economic Indicators

were obtained from IMI' IFinancial Statistics.

6.7.1 Basis for International Comparison

The International comparisons had been made with 12 other European, African and

Latin American countries selected by BT as being comparable with Thailand in terms

of GDP per capita and Economic structure. The 12 countries selected compare with

Thailand as shown in below.
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connections models may be low. The models can still be used for forecasting,

however, as the trend elements in the model are correspondingly higher.

The CCITT forecasts start from an unidentified base year in which there were 1.3M
customer lines. This would appear to be reported line capacity for 1987, although
there were only 0.9M lines connected. BT therefore deducted 0.4M from the CCITT

projections to reflect this unused capacity.

On this basis, the CCITT and BT central projections compare as shown in below.

YEAR EXCHANGE LINE FORECAST
BT CCITT

Provincial Bangkok Total Total
1987 0.3 0.6 0.9 0.9
1990 0.4 0.9 1.3 1.3
1993 0.4 1.1 1.5 1.9
1995 0.5 1.3 1.8 2.3
1997 0.6 1.5 2.1 2.8
2002 1.0 2.3 3.3 4.1

This shows that short term projections from the two modelling approaches are
similar, but that the BT models are more optimistic about medium term demand
prospects. By 2002, the BT ‘pessimistic' projection would show a total of 3.0M

connections, so the CCITT forecast lies reasonably close.

The socio-economic method provides a larger magnitude forecast of demand in the
provincial telecommunication areas, unconstrained historical trends which may
have been influenced by TOT administration policy and tariff structures. On the
other hand, the logistic method provides a larger magnitude forecast for the
Bangkok telecommunication area, since it makes a bettel: assessment of the demand

for business services.
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Since the use of different forecasting methods have resulted in different estimates of
the potential demand there is a need to reconcile these results. A key consideration
is the potential demand forecasted for the target year, using method socio-economic
for the provincial telecommunication areas, and logistic for the metropolitan
telecommunication area. This demand needs to be adjusted to account for a possible

delay in providing the service.

JICAs forecasted potential demand was larger than the forecasted expressed
demand in the provincial telecommunication areas. They stated that a reason may
be that much potential demand has been discouraged registering as waiting
applicants. Therefore, JICA considered the forecasted potential demand more
appropriate because discouraged demand would very likely show up once network

accessibility was improved.

JICAs forecasted potential demand was smaller than the forecasted expressed
demand in the Bangkok Metropolitan Telecommunication Area. They stated that
the potential demand by business customers in the BMA should properly be higher

than the forecasted figure by the model and recommended further study.
Hence their report employs the forecast results of the potential demand approach for
the provincial telecommunication areas and the forecast results of the expressed

demand approach for the BMA.

7 Node Locations and Link Network

The BT network design for Bangkok chose four node locations each with three

remote peripheral units. The node locations were:
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Bang Yai-

Kutapani

Don Maung'
Pamprat:Satran Phani

The nodes were interconnected by:a star network:based upon Don:Maung.

TOTs! design: did not-take:into:account a ‘green field" situation and distributed their

forecast of demand over existing nodes,

‘The Japanese study did not detail the location of the nodes or'the: network:topology.
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