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Abstract, This paper is concerned with the practical evaluation of the present state, and the furare
development requirements of telephone access service, for differcnt cascs in Saudi Arabia. A general
methodolugy has been derived for this purpese. The methodology is upplied to the various urban, semi-
urban, and rural areas of both the Rivadh region and the Southern region, and to the whale country level,
in order to obtain 2 comparison reference. The telephone access service contrasts of the two regions have
been emphasized, and a future plan for closing the gap between the two regions has been derived using
two different developiment scenarius to uchieve satisfactory level of service at a specific target dute.

1. Introduction

i.1.Telephone Services in Saudi Arabia

During the past ten years, many major ambitious development plans have heen
implemented in Saudi Arabia; with one of such plans being related to tclecommuni-
cations [1,2]. An example of the results achieved, is that the number of working tele-
phone lines was increased by around five times, raising from around 200,000 lines in
1978 to 950,000 lincs in 1987 [2-4. However, due to various reasons, inciuding those
related to the geography of the country, the socio-demographic characlcristics of the
population, and the business activitics, telephone services were not evenly distri-
buted over the different parts of the country.

1.2.This Paper

The uvbjective of this paper is to evaluate, the present state, and the future
development requirements of telephone access service for two main regions of Saudi
Arabia, on the light of the overall devclopment of the whole country. The chosen
regions are: the Riyadh region, and the Southern region. The rwo regions have the
same {utal population, but with different urban, semi-urban, and rural population
distribution [5-7]. In addition, the two regions are substuntially different from one
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jfmother with regard to the present telephone access service. While the Riyadh region
is on th_e upper side of the service level in the country, the Southern region is on the
lower side of it [2-4]. The work involves the development of an evalvation methodol-

ogy, on which the practical investigatioris, of the two regions, are based, to achieve
the required objectives,

2. Evaluation Method

2.1.Basic Stages

Fig. 1 shows the various stages of the evaluation method considered here. The
method includes two main consecutive sets of stapes. The first is related to the evalu-
ation of the present state of service, with emphasis on the contrast between the cases
considered; while the second set of stages is concerned with the evaluation of the
future development needed to close the gap of the contrast. The future development
stages consist of stages related to identifying an overall future development plan, and
stages concerned with the evaluation of different future development scenarios.

2.2 Evaluation of Present State

The first essential stage in the evaluation of the present state is to identify the
factors involved. Such factors are to be considered for the various evaluated regions,
including the different areas in each region, such as urban, semi-urban, or rural
arcas. In addition, the factors should also be considered for the whole country level,
as this would provide a reference on the average state of telephone access in the
country.

The factors considercd are:,
— Population factors, including the t1otal population, and the population proportions
for the various regions and areas considered.

— Telephone access development factors, which arc related to the growth of the
number of working lines installed in recent years, and the proportions of their dis-
tribution to the various regions and areas considered.

- Telephone access service factors, which include the present number of working
lines, and the proportions of their distribution to the various regions and areas. In
addition, these factors also include a factor for the evaluation of the access service
level provided, that is the density of working lines per 100 population.

— Availability of access factors, which includc the number of lines available in the
lacal exchanges, but not available for access (may be due to the lack of local net-
working). An evaluation factor is also considered here, that is of the increase in the
service density, which can be achieved, if such lines are put into service.

It can be scen that some of the above factors require data collection, while the
others use the collected data tv gencratc information on the relative state of the vari-
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ous regions and areas considered. This enables investigators to evaluate the contrast
of provided service, so that the future development plans can be adjusted accord-
ingly.

2.3.A General Plan for Future Development

A general plan of future development nced to be identified at this stage so that
the service contrast can be resolved. Such a plan can be based on planning the provi-
sion of satisfactory access service for the cases considered at a certain future date. For
such a case two main factors have to be balanced against one another, taking into
account the other factors involved. The two factors are the future growth of working
lines: v, and the future year when satisfactory access can be achieved: T [8-12].

Recent research has produced the following formula for this purpose [10,11].

t=T-1

V{0) H [(1+v()]=
t=0

t=T-1 t=T-1
(RO JI 1+l {p@ [I 11 +po]
t=0 t=0
t=T-1

1 Wt q)u+wn]
t=
{ + o

G(0) Ho [1+g(t)] MO [T [1+min]
t= t=0

The capitul ietters in the formula represent the factors involved, while the small let-
ters represent the growth or change preportion of the corresponding factor for the
year (t). The symbol (0) represent the factor for the year when (t==0). For our pur-
pose here, this can he considered as the present year. It can be seen that the growth
or change given by the formula for the factors concerned is of general nature (chang-
ing every year), so that the various types of change or growth strategies can be consi-
dered as special cases [10,11]. The time scalc considered by the formula ranges over
T years, as T is the future year when satisfuctory tclephone access can be achieved.
The factors involved, other than V and T, are as follows [8-10]:

telephone access interest per household or business office.
population.

number of persons per household.

working population proportion.

number of persons per business office.
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The basic considerations used in balancing the above factors and the derivation of
formula (1) are given in Table 1.

Table 1. The basic conxiderations used for the derivation of fermula {1)

Rasic consideration Mathematical representation
The growth of any basic factor,
F(t), from the base year, 1=0, tothe t=T-1
target year, t=T, isconsidered F(T} = K0 [T{1+f(1)]
under a variable annual t=0
growth proportion f(t).

The number of ines required

to provide satisfactory nccess 1 W(T)
service, atthe target year, E(t=T), E(T) = R(T) (T [— +—]
can be expressed in terms of the G(T) M(T)

various factors involved.

The number of working lines, ¥{t),

is required to grow so that it reaches V{T)=E(T)
the satisfactory number, E(1), at the

year,t="I",

The above factors depend on the popoulation characteristics, and no accurate
esiimation for their future growth or change can be made. However, investigations
of differernt scenarios can be performed, and the results of which can then be
evaluated to provide some reliable views of the future.

2.4.Future Development Scenarios
A scenario here can be viewed as consisting of three main parts.

— Given information and data on the factors concerned. Such information may
cither be related to collected data and statistics, or it may be generally assumed to
be true. This part of a scenario may also be a part of the general development plan;
and therefore it can be considered as a common part of different scenarios that can
be taken into account.

— Assumed future growth and change strategies for the various factors involved.
Such strategies may be based on past changes, or on some similarities with other
related cases; or it may be based on different expectation reasons. This partof a
scenario is its own identity that leads to its future outlook.

— Generuted information on the future development requirements.



3. Practical Evaluation

3.1,Present State

The factors considered above for the evaluation of the present state of telephone
access service, have been investigated for both the Riyadh region, and the Southern
region of Saudi Arabia. In addition, the factors have also been taken into account for
the whole country level, whose -access scrvice represents the average service pro-
vided, which would be a useful comparison reference. Tables 2-a and 2-b thow the
present values of the factors considered for the various urban, semi-urban, and rural
arcas, of the whole country, and of the two regions considered. The various arcas of
each rcgion are listed in Table 3, together with a definition for each type of area.
From the given values the following have been concluded,

— For the past few years, since 1983, the Riyadh region proportion of the installed
working lines, at the whole country level, is 17.5%. This is reasonable, since the
population of the Riyadh region represents 18% of the country’s total population.
On the otherhand and for the same period of time, the Southern region received
only 5% of the total installed lines, despite the fact that its population, like Riyadh,
also represents around 18%.

— Ttcanbe seen from the values shown that the present level of service for the Riyadh
region is higher than that for the Kingdom as whale in all types of arca, urban,
semi-urban, and rural, while for the Southern region it is less for all areas. Al pre-
sent the Riyadh region has around 27% of the working lines in the country, against
4.2% for the Southern region, despite their equal population.

— The service level for the urban part of the Southern region, is similar to that of the
country as whole, but less than that of the urban part of the whole country. In addi-
tion the rural part of the Southemn region, whose population accounts for 80% of
the region population, receives less than one third of the service level, of the aver-
age service given for rural areas at the whole country level.

— Both the Riyadh region and the Southern region have unused lines in their local
exchanges (may be due to the lack of local networking). The number of these lines
for the Riyadh region is over twice as much as that for the Southern region.

3.2.A Future Development Plan

The objective of the general development plan considered here is to investigate
the future growth of telephone access needed to reach a satisfactory level of access
for the various areas of both regions on the light of the future development for the
whole country at a specific future year T. The plan is based on the assumption that
the satisfactory access level is achieved, when on average, every household or busi-
ness office has a working telephone hne; this leads to the following equation:

R=1 (2}
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Tabie 3. The varicus urban and semi-urban aress of the different regions of Saudi Arabia.

Region Urbun urea® Semi-urban area** Rural area***
A
Rurayd Riyadh City Al-Majmaah 1
rcgion Al-Kharj 1
Al-Dawadmni
Layla O
ARE t
— h
¢
Southern Abha Ahu Arish T
region Jizan Baysh
Majran Bishah 2
Khamis Mushait Al-Khasib !
Sabya 2
Samitah o
Shararah N

*An urban area, is considered to be any city vr town with a counted population of over 30,000 during
the anly official population census of 1974,
**A semi-urban area, is defined as above, but for towns with a poputation of over 5,000 and less than
30,000,

***Other arens.

For the investigation of different development scenarios, the following common
assumptions have been considered.

— The population growth is based on a constant annual growth proportion:
p(1) =p (3)

— Each of the following factors has a constant value: the number of persons per
household, the working population proportion, and the number of persons per
business office:

G(t)=G
W(t) =W 4
M(t) =M

— The telephone access service growth is based on a constant annual growth propor-
tion:

vty=v (5)

Under the above considerations equation {1} becomes:



V) (1+9)T = R P(O) (1+p)T (- + ¥ (6)
G M
From this equation, the required growth proportion v can be given, for any
target year of reaching satisfactory access, us follows:
v=eho1 &)

where

A= Lo(R4)La[P(0)]+T[Ln(1+p)]+La[(1/g)+(W/M)}-Ln[V(U)]
T

From v, the increase in the number of lines for the year t, where 0<<t<T, can be
given as follows:

N{t) = V(0) (1+v)1 v (8)
The average of this increase per year, within the specified range of time will be:

N=V({OH{A+v)T-1)/T (&)

Under the assumptions considered, the proportion of increase in the number of
lines required 1o keep the access service at satisfactory level considered, for 1T,
should be ¢qual to the population annual growth proportion, p. The increase in the
number of lines for the year t, where t > T becomes:

N() = VO [1 + VT (1+p)™] p (10)

The progress of telephone density, based on v, for 0<t<T, can be given as
follows:

D(t) = 100 v(0) (1 + v)*/ [P{)) (1+ p)'] (11)
At, t = T the density becomes:;
D = 100 V(0) (1 + v)T/ [P(0) (1+p)T] (12)

This density would remain constant for t > T, if the number of working lines
continues to increase in accordance with equation (10).



3.3.Investigation of Future Development Scenarios

The above analysis have been applied to the investigation of two futurc develop-
ment scenarios, specified in Table 4. The scenarios have been chosen so that the first
(T) provides an upper limit, whilc the sccond (I} gives a lower limit, for the future
nceded lines. Scenario 1 has a higher population growth; lower average number of
persons per households, which leads to mare households; higher working population
proportion, and lower number of working persons per business office, which lead to
more business offices. ‘Uhe future year of satisfactory access for both scenarios have
been censidered 1o be 20 years from now, (2007}, The two scenarios have been
applied to the urban, semi-urban, and rural areas of the whole country, and of both
the Riyadh region, and Southern region. The required annual growth proportions,
for the various areas considered, using the two scenarios, have been computed from
equation (7); and the results are illustrated in a bar chart in Fig. 2.

Table 4. The bask comnsiderutions uf the investigated scenarios.

Basic Considerations
N Factors Scenario L Scenario IT
23 1
2u
T Year: 20007
P 3% 2.5%
63 5 ]
L) 35% 0%
M 5 6

Figs 3-a and 3-b illustrate the progress of the working lines needed and of their
density, [computed from equations (8), (20}, (11), and (12), after computing v from
cquation (7)], for the whole kingdom considering the two scenarios. Figs 4-a and4-b,
and Figs 5-a and 5-h, show the samc for the Riyadh region, and the Southern region
respectively. The resulis given provide a general idea on the future development
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Fig. 2. A bur chart illustruting the unnual growth proportion of working telephone lines required to
achieve satisfactory bevel of access for the various areas considered, using the two identified future
development scenarios (I) and {IT)

required, at the given levels. 1t can be seen that, after the targct year is reached and
satisfactory accessis provided, further progress in the working lines is needed to keep
the service level, or the density, at its required value, [as given by equation (10)]. For

scenario I this value is around 27 lines per 100 population, while for scenario 1T it is
around 22,

A more detailed picture on the future development needed, is given in Tables
3-a and 5-b. These Tables provide the following information, for the urban, semi-
urban, and rural areas, of the whole kingdom, the Riyadh region, and the Southern
region, considering both scenarios, I and I

— The total working lines needed until the year 2007.
= The average number of working lines needed per year.

- The proportion of requircd lings for the area concerned to the Kingdom’s total.
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4. Conclusion and Discussions

In this paper, a methodology for the evaluation of telephone access service con-
trasts in Saudi Arabia has been developed. The methodology includes a sequence of
steps for the evaluation of the present state, and another sequence of steps for the
evaluation of the future development requircments, including the investigation of
different development scenarios. The application of the methodology to the Riyadh
region, the Southern region, and the country as a whole, has shown that the present
access service is not evenly distributed, and that further development to achieve
satisfactory access is needed for the regions considered, and for the whoie Kingdom.
The future development has been investigated, and results on a development plan,
with two different scenarios, for achieving satisfactory telephone access, with even
distribution, have been concluded. For the objective of achieving satisfactory access
in the year 2007, twenty years from now, the total number of lincs required for the
whole country would be around 3 million, with around 15% needed for Riyadh reg-
ion and 22% for the Southern region.

The work presented in this paper has provided results on one issue related to the
future planning of the Saudi telecommunication network, namely the future of tele-
phone access requirements in the country. Other issues that would be important for
future consideration include: the telecommunication traffic loads cxpecied to be
placed on the network, and the future technology to used by the network. With
respect to network traffic load, it is important to consider the user behaviour und the
network capacity requirements. In addition, the network technology issue will be
concerned with the study of the present network equipments, the technology trends
including ISDN, and the gradual replacement of the older technology by the newer
one.
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Abdulaziz City for Science and Technology, Saudi Arabia.
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