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ITTI. TRAFFIC FORECAST AND ESTIMATION OF TRUNK CIRCUITS

1. Summary

This Part III describes the results of the traffic forecast
and estimation of trunk circuits up to the year 2015 A.D. to
design a new submarine cable system with an economical

service life (25 years).

As a result of our study, we have roughly estimated the
number of the circuits as shown below, depending on the GDP

growth rates per annum, 2%, 4% and 6%.

No. of Trunk Circuits in 2015 A.D.
GDP Growth Rate

Between Peninsular
Malaysia and the

following states 2% 43 6%
- Sabah 901 1,914 4,057
- Sarawak 1,719 3,727 8,007
Total 2,620 5,641 12,064
{case) (pessimistic) ({(normal) {optimistic)

our study has been mainly concentrated on telephone demand
forecast., However, the above trunk circuits obtained by
three sensitivity cases show the equivalent circuits in terms
of telephony circuits including other non-telephone services,
e.g. telex, telegram and data communication, since we take

the following conditions into consideration.

(1} As far as the present status is concerned, such
non-telephone services may not require thousands of
circuits between Peninsular Malaysia and Sabah/Sarawak,

as compared with the telephone circuits.



{(2) The fﬁture trend will show the remarkable decreaSé of
the revenue from telex and telegram as indicated in the

Annual Report 1984 of JTM.

{3) At this staﬁe, it is difficult to estimate the
additional circuits for the new telecommunications
services; but additional 30% margin is added to the

estimated telephone traffic.

Iin Malaysia, the future 4% GDP growth rate per annum 1is
considered to be reasonable, as compared with the past trend
of Malaysia as well as the other countries. In our study,
‘therefore, this constant 4% GDP growth rate is defined as a

normal case.

To design economically the new submarine_cable:system, the
total number of the intermediate period, i.e.; 3,200 circuits

in 2003 A.D, is allocated.
In our forecasting the followihg steps have been taken:

Step 1: Collection of the data and information on the

telecommunications and economics, etc.;

Step 2: Time-series and regression analyses of the abhove .

data and information;

Step 3: Determination of the fitting ﬁqdéls for the
long-term forecasting of telephone subécribér lines .
and traffic, together with sensitivity by GDP and

estimation of total demand;

Step 4: Distribution of the_télephoﬁé demand and
teletraffic by Zone Centre; '



Step 5: Estimation of the Trunk Circuits between Peninsular

Malaysia and Sabah/Sarawak every five years
starting in 1990 A.D. and ending in 2015 A.D,

The overall work flow of demand and traffic forecasts is

shown in Figure III~1. These procedures will be described

hereafter in more detail,

Since this forecasting is
provisioning purpose, the
reviewed according to the

nation as continuously as

not made for a short-term
results of our study shoculd be
economic outlook, etc. for the

possible.
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2. Forecasting Methods
2.1 Basic Concepts of Forecasting

In the telecommunications network, the majority of the
services are focused on the telephone service. We,
therefore, study mainly telephone demand forecasting to
obtain the final number of trunk circuits between Peninsular
Malaysia and Sabah/Sarawak via the new submarine cable

system.
In this study, the three forecasts are required as follows:

(1) Estimate the number of telephone subscribers in the

expected exchanges;

(2} Estimate the volume and distribution of the
interexchange traffic originated by the above

subscribers;

{3} Calculate the trunk circuiis for the above traffic.

2.2 DLong-term Demand Forecast

In this study, the long-term demand forecast has to be made
to estimate the number of telephone subscribers over a whole
country for 25 years. Such forecast is divided into the

following two approaches;

(1) Macroscopic approach (Top-down method) to estimate the
number of main subscribers stations and lines, In this
case telephone density (or penetration factor) can be

derived.



{(2) Microscopic approach (Bottom-up method)ffb*eStimaté the
numbers of households and the different kinds of
business activities. In this case field survey in depth

is required by area.

Results by these approaches are coordinated each other ‘as the
case may be. In our study, the wmacroscopic approach only is

applied.

2.3 Forecasting Model
2.3.1 Demand Forecast

The demand model for telephones, generally, is expressed as

follows:
Ot = F (X, N, Pi, Ps, Pc, d, e, t) ...iovifvenn.. (2.1}

where, Qt = Total demand

X = A measure of income appropriate to residential
and business users, e.g., gross domestic
preduct {GDP)

N = Total population

Pi = Installation charges

Ps = Subséription chéfges

Pc = Call'chargeé |

d = A trend development factor

e = Other méasurébie infiuénées; e.q. influence
from income distribution o 4

t = Time



Therefore, the total demand, Qt is dependent on the other

factors.

On the other hand, the total den51ty of main telephone

statlons {Dt) is expressed as follows:

Dt = St X 100 vttt e rane it e, (2.2)

In our study, due to the lack of the detailed déta and
information on Pi, Ps, Pc, d, or e, the above (2.1) formula

is simplified as follows:
Ot = F(X, N, £} treetievasneressasssenssessnsose (2.3)
- The future demand forecasting is made as follows:

(1)- Estimate the total population

(2) Estimate the te]ephone density (Dt) using a single

independent variable, GDP

(3) Estimate the GDP

2.3.2 Traffic Forecast

In case the present traffic conditions and the future
exchange growth are known, the following CCITT's model can be

applied to estimate the interexchange traffic,

N1 . Nk

| Nk - =+ N1 .
akl = ak1° . N1 Nk . (2.8)
Nk + N1

where, .
Akl is the interexchange traffic at a future point of

time



Nk, N1 are the future numbers.of subsCribers*in_the
areas k and 1, respectively.

<

ak1® is the present interexchange traffic

Nk%, N1° are the present numbers of subscribers in the

areas k and 1, respectively.
2.3.3 Estimation of the Trunk Circuits
After obtaining the interexchange traffic by the formula

(2.4), the number of the trunk circuits. can be estimated by -

the following Erlang's Loss (B) formula.

n
a’ -
. - ] - -
Enfa) = B = 5= - ceeeeen {205)
a a
1+ a + 57Tt e 1
where,
n = The total number of circuits’
a = The volume of traffic offered in Erlangs
Fn{a) = The grade of service to be éxpectéd under the

conditions of "n" and "a" specified above

B = The call congestion

Fiqure III-2 shows the Telephone Network-Configuratidn-inf

Malaysia for reference,
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3. Telephone Demand Forecast
3.1 Basic Formula for Long-term Forecasting

As stated earlier, the basic forecasting model is given in
the equation (2.3). 1In the demand forecast, the following
analyses are carried out to determine an appropriate concrete

formula.

- Time-series analysis; and

- Regression analysis.

The time-series analysis is effective to know the past trends
and normally applied to estimate a short-term period (2 - 3
years ahead) by using extrapolation method as one of the

standard methods for forecasting.

The regression analysis, on the other hand, is applied for
the long-term forecasting (over 15 years ahecad) by using an
elastic model (e.g. GDP versus Telephone Demand Density)

which is called "CCITT's Cross-Sectional Analysis™,

3.1.1 Time-series Analysis

First of all, we have studied the past data collected through
our recent survey in Malaysia. The data are summarized in
Table III~1, including the 1970, 1980-1985 economical and
demographic backgrounds. This table represents US$2,113 for
GDP per capita, 6.1 main telephone lines per 100 people and
2.67% populaticn growth rate for 1985, for instance. The
details of the past demand growth ('80 - '85) is referred to
in ANNEX III-1 (Table 1). As a result of the time-series
analysis, a good linear correlation has been obtained as

shown in Figure III-3.



The equation obtained is as follows:

Y = 398,533 + 125,367°*K Lciiraarrecintenrirsasaann (3.1)
where,
Y = Number of total telephone demand in a certain of

time

X = Time in vear

[a
]

Multiple correlation coefficient = 0,999207

N.B. Telephone demand = DEL plus waiting applicants
DEL = Direct Exchange Line = Main Telephone Line

As stated in paragraph 3.1, this equation (3.1) is applied

for the short-term forecasting,

3.1.2 Regression Analysis

As an alternative approach, we havé tried-a_cross—sectional'
analysis by selecting 22 major countries as shown in Table
III-2. The results of this analysis are shown in Figure
ITI-4 and indicated by the following equation:

4 x1.33139

Y = 1.83692 x 10 ~ x P < 3
where, :

Y = DEL {Direct Exchange Line)

X = GDP per capita in US$

r = Multiple correlation coefficient = 0.914072

This equation covers various countries ranging from Us$216 to
Us$9,812 for GDP per capita at 1981 prices and will be
applicable to this Project. ' ‘



This eqguation, however, has been slightly modified
considering the past trend in Malaysia; it becomes:

Y o= 1.83692 x 107 % x x1 30 . (3.3)

This formula was emploved for the long-term forecastihg up to
the year 2015 A.D.

3.2 Projection of Population Growth

The future demand forecast is affected by the economic and
demographic parameters. With regard to such economic and
demographic outlooks, there is no information available up to

the year. 2015 A.D. in Malaysia.

The projection of population growth, therefore, is made by
assuming that the population will be saturated to 28 million
people in 2050 A.D. which is derived from the World
Development Report 1984 published by the World Bank.

According to the past data shown in Table III-1, we have

obtained the following logistic formula:

Y o= k/(1 +mee” 0 F) L O < 3
where,
Y = Population at x time

m = Constant coeffibient (1.1008)

2

a = Constant coefficient (5.5833 x 10 “)

k = Constant ccoefficient = 28 millions

The results of using this formula are illustrated on the both

logarithms sections in Figure III-5,



3.3 Growth Projections of Telephone Lines

By using the previous formulas (3.3 and 3.4), we have
estimated the growths of p0pulatlon and telephone lines from
1986 to 2015 A.D. inclusive, In Malaysia, macroeconomic
“forecast has been alfeady cérried-out—by-the-Unitédsﬁations“
Industrial Development_Orgénization (UNIDO): According to:
this forecast, the average annual GDP growth rate is 6.4%
from 1985 to 1995, .

The GDP growth rate of 6.4% is considered to be. not:
reasonable to apply to the long term of over 25 years, ‘then
the average growth rate of less than 6.0% will be applled in
comparison Wlth the past rates derived from ‘the 20 upper
‘middle-income including Malaysia and 19 industrial market
economies from 1965 to 1984 inclusive as shown in Table
1113,

Accordingly, we have assumed that the GDP in Malaysia may
change between 2% (pessimistic) and 6% (optimistic). :

The following sensitivity cases, therefore, are appliéd:

(1} For pessimistic case 2% GDP growth rate p.a.
(2} For normal case 4% GDP growth rate p.a.
{3) PFor optimistic case 6% GDP growth rate p.a.

The results based on the above cases are shown in Table
I¥I-4, '



3.4 Distribution of the Projected DEL

The projected DEL (direct exchange line) was distributed to
each Zonhe Centre, assuming that the present economic
situation Willfcdntinue up to the 2015 A.D, The results are
shown in Table IT1I-5, depending on sensitivity study of GDP
growth rates. .
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Table III~2 Distribution of the Sélected_CountrieQ'fMain
Telephones, Population, and GDP as of 1981

- Total No. of

No. Country _TOtal GD?_ .Populgtién éaﬁ?iépissg) " DEL per
: (USS millions)} {'0Q0) - : p o 100 People
1 Relgium 96,940 9,879.0 9,812 26.4
2 U.K. . 496,580 55,992.0 8,869 - . 34.1
3  Austria 66, 240 . ?;-555_.3- : _8,.;767‘: o 130.7
4 New Zealand 25,010 - 3,190.1 7,840 . 36.8
5 Italy . 350,220 56,244.0 6,227 . 24.6
6 Argentina ' '153;330_ 28;33516 ' rs;éll... : _‘?;5
7 Singapore 12,910 2,443.3 5,284 22.4
8  Spain 185,080  37,693.0° 4,90 . 19.1
9 Venezuela - 67,800 14,602.0 4,643 . 9.4
10 Greece 33,390 9,780.0 3;4i4 24.6
11 Mexico 238,960 73,167.0 3,266 3.9
12 Chile - 132,860 . 11,390.0 2,885 - 3.4
13 rortugal 21,290 9,804.0 2,172 . . 10.8
14 Malaysia 24,770 13,000.0 . - 1,905 4.3
15  Brazil 210,660 119,070.9 1,769 4.5
16 -S. Korea 65,750 37,436.0 1,756 . 10.9
17 Turkey 53,910 45,217.6 - _ '1,19'2 2.9
18 Colombia 32,970 27,869.0 1,183 5.1
19 .Philippinés 38,900 T 49,960.4 179 ' 0.7
20 Thailand 36,810 47,875.0 769 0.8
21  indonesia 84,960 152,441.0 557 0.3
22

india 142,010 658,141.0 216 0.3

Sources: 1. The World's Telephones as of Jan. 1, 1982 by AT & T
2. World Development Report, 1983 (Statisticél.data,for'1981)



Table. III 3 Average Annual Growth Rates (%) of GDP by

Country Group

Upper_Middle~incbme'

1973-84

23 -

1965-73
Chile . = 3.4 S 2.7
Brazil 9,8 - - 4.4
. Portugal 7.0 -
Malaysia 6.7 7.3
Panama 7.4 5.0
Uruguay 1.2 2.0
Mexico . 7.9 - 5.1
Korea, ‘Rep. of 10.0 7.2
Yugosglavia 6.1 4,2
Argentina - 4.3 0.4
South - Africa 5.1 2.7
‘Algeria 7.0 6.4
Venezuela 5.1 1.9
Greece 7.5 2.7
Israel. . 9.6 3.1
Hong Kong 7.9 9.1
Trinidad and Tobago 3.5 5.2
S;ngapore 13.0 8.2
Iran, Islamic Rep. 10.4 -
Traq - . : 4.4 -
Average 6.87 4,56
Industrial Market Economies . 1965-73 1973-84
Spain 6.4 1.6
Ireland 5.0 - 3.9
Ttaly - 5.2 S2.1
New. Zealand 3.7 1.4
United Kingdom 2.8 1.0
Belgium - 5.2 1.7
Austria 5.5 2.5
Netherlands 5.5 1.6
France 5.5 2.3
Japan 3.8 4.3
Finland 5.3 2.9
Germany, Fed. Rep. 4.6 - 2.0
Denmark: i ' 3.9 1.7
‘Australia 5.6 2.4
‘Swaden 3.6 1.4
jCanada 5.2 2.5
‘Norway X 4.0 3.7
United States' 3.2 2.3
Sw1tzerland 4.2 0.8
,Average' 4,96 2.22
Source: World Development Report 1986 by the World Bank
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4, Non-telephone Demand Forecast
4,1 Telex and Telegram

The present telex and telegram network is shown in Figure
IT1-6, Two international/national telex exchanges {(two
uhits) are installed in Kuala Lumpur (KL) and five local
exchanges in five Zone Centres. For example, a total of 360
telex circuits is provided between XI and Kota Kinabalu or

Kuching Zone Centre.

JTM has carried ocut the telex demand forecast covering
1986~1990 as shown in ANNEX III-1 (Table 2). According to

this forecast, about 7.2% growth rate is expected annually.

Moreover, JTM is now planning a new data switching network
(i.e., Circuit Switched Public Data Network} which may start
its services around the end-1986. This network is shown in

Figure ITI-7 and will absorb the existing telex network.

4.2 MAYPAC

MAYPAC {Malaysian Packet Switched Public Data Network) 1is now
providing its services with not lots of subscribers, of which
network is shown in Figure III-8, The recent demand growth

is shown below.

Year/Month 85/3 /4 /5 /6 /7 /8 /9 /101 f11
No. of Subs. 2 3 10 15 44 63 70 91 ] 96 |
Year/Month 85/1218s8/1 /2 /3 /4 /5

No. of Subs. ggt 110 {120 | 146 {156 | 173




JTM is egfpecting an average annual 20-30% growth rate; but

almost all subscribers exist in Kuala Lumpur.

4.3 DATEL.

DATEL, i.e., the computer-computer communication via the

public telephone network, uses modems and acoustic couplers

approved by JTM.

users is shown below,

The past and recent authorized number of

Year/Month |83/3 |84/3 | 84/6 {8479 | 84/12|85/1 | 85/2 | 85/3
No. of Subs. 2 151 28 53 | 116 | 126 | 128 136
Year/Month B5/4 /5 /6 /7 /8 | /9 fio | /11
No. of Subs.] 143 | 159§ 170 | 178 | 191 | 203 ] 211 | 224
Year/Month |85/12|86/1 | /2| /3| /4 | /5

No. of Subs.| 238 | 248 | 267 | 274 | 285 | 292

4.4 TLeased Circuits

The following numbers of circuits were leased:
Year/Month | 75/12 | 77/12 | 78/12 | 79/12 | 80/12 | 81/12
Circuits 21 28 52 86 160 294
Year/Month | 82/12 | 83/12 84/12 85/9 85/12

Cirecuits 432 619 908 1150 1500%*

N.B.

¥ JTM's estimation

No details of users are available,

;'28 -




4.5 melefax

The number of telefax subscribers has been sharply increasing
as shown below.

Year/Month 83/8 | 83/12|84/12185/12186/2 | 86/4 86/12

No. of Subs, 20 50 200 500 600 772 | 950-1000*%

N.B, * JIM's estimation

4.6 Demand Forecast of Non-telephone Services

Atgthis-stage it is guite difficult to estimate the demand
for the new services. The number of toll circuits required
for such.services is very much smaller than that of the
telephone services; it is considered to be neqligible in the
; national network. However, we will give some margin with 30%

in addition to the basic traffic values described after.
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5. Traffic Forecast
5.1 Basic Formula

To estimate the future interexchange traffic, the formula
{(2.4) is applied, assuming that the present network
conditions will remain unchanged. 1In the case of calculating
the traffic value the Zone Centres are regarded as the
telephone exchanges to contain all the equivalent telecoms

traffic.

5.2 Traffic Survey

For the calculation based on the basic formula (2.4), the
past and present traffic variations should be obtained. We
have carried out the traffic measurements at all eight Zone
Centres; the results are shown in ANNEX III-2 and ANNEX
ITI-3. Location of the major telephone exchanges is shown 1in

Figure III-9.

The traffic distribution ratios of the main routes from/to

Kota Kinabalu area are as follows:

Route KL MC ipP KN PG JB KG KK ITE2| SE Total

R S————

Qutgoing B.0710.32|0.57/0,56]0.70)0.7813.93181,74]0.45:2.90 100%
Incoming 6.9810.13(0.4810.25|0.3710.65(2.36!83.48|3.30}2.00 100%

L

N.B. ITE2: Xuantan International Exchange
SE: Singapore Exchange

[ U



Likewise, the following are the distribution ratios at Kuching

area.

—=

Route KL MC Ip KN PG JB KG KK ITE2| SE Total

Outgoing |10.40[0.50|0.30{0.50{0.50]0.90|79.90{ 2.20|0.70 4.10| 100%
Incoming | 8.40[0.20[0.30}0.50/0.60|0.50{81.40]3.30{1.70|3.10/ "100%

According to the traffic survey at a Kuching local exchange,
"~ the following distribution ratios have been obtained for

reference:

Intra~office Toll Call Own Zone Centre

23% 16% 61%
These obtained distribution ratios seem reasonable.
The following are the average holding times in seconds.

At Kuching Zone Centre

Route KL Me ip | XN | p¢ | B | K6 | XX | ITE1 | ITE2 | SE
Outgoing 77 | 108 | 86 | 84 | 47 | 51 | 92 | 47 - | soli12e
Incoming 35 77 | 135 - |85 {48 [ 78 | 90 - 111} 65

L

At Kota Kinabalu Zone Centre

- Route KL Me | kv {pelae| kel xe | 1oR1 | TPRE2 | sE

Outgoing 86 - | 200 - -b -teod - - - -

Incoming 135 - 46 - - - 47 - - - -~
]

As seen above, the average holding times vary with the
routes, These data will be used for the economic study, if

necessary.



The interexchange toll traffic values between Kota Kinabalu/
Kuching Zone Centres and other %Zone Centres are shown in

Figures III-10 and III-11, respectively.

It is found that the majority of the traffic volumes (approx.
80%) is its own area traffic, and its remaining traffic,
about 18%, is distributed to Peninsular Malaysia area. But
the above distribution may not always represent the constant
value due to the traffic fluctuations from time to time. A
certain route shows a very high traffic value at a night time

thanks to discouted charging rate.

5,3 Traffic Estimation

Since there is no sufficient data on the present nation-wide
traffic flows, we ha?e estimated the peak traffic volumes
between.Peninsular Malaysia and Sabah/Sarawak by adding
safety margin of 50% to the currently-surveyed tfaffic

values.

Besides we have given additional margins in respect of the

traffic increment in future as follows:

- For network improvement: 20%
- For additional new services: 30%

{(e.g. telefax and MAYPAC)

Considering these factors, the interexchange traffic flows
between two Zone Centres are estimated by using the
previousiy;mentioned formula (2.4) and summarized in Tables
III-6 thru III-8 for Kota Kinabalu (Sabah) and in Tables
ITI~-9 thru III-11 for Kuching (Sarawak), respectively,

depending on the constant GDP growth rates per annum.
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