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ABSTRACT 

During the period 1968 - 1976 two projects on inter
national network planning have been undertaken thr~ 
the International Telecommunication Union. The Pan
African Telecommunication Netwo~k, embracing 30 
countries in Africa (principally south of Sahara), 
was the first to make extensive use of computer cal
culation methods. These were based on the prin
ciples of alternative routing with economic compari
son, explained in the CCITT GAS 2 Manual. These 
principles refer to a local network of multi
exchange configuration and had to be adapted to the 
caSe of an i n ternational network for a large region. 

The other project covers a region including the 20 
Arab countries together with seven other n.igh
bouring countries in Europe and Africa. In this 
study the method previously developed for the Pan
African network has been refined to include a large 
variety of cost functions for possible transmission 
media to be selected on the most economical annual 
cost per circuit basis. The effect of time differ
ences on international calls has been considered by 
applying to the traffic input the distribution 
function over 24 hours as presented in ITC papers 
in the congresses in Munich and Stockholm. In the 
selection of the most economical international net
work, the introduction of a dedicated satellite 
system for the project region has been considered as 
well. 

These network studies were preceded by extensive 
work on analysing the traffic and other statistical 
data collected in the course of frequent visits to 
the countries concerneq. 

1. PAN-AFRICAN TELECOM. NETWORK 

In the West and Central African parts of the Pan
African Telecommunication network, a large number of 
possible international routes between countries were 
feasible. This is seen in Figure 1 below. Various 
possible ways of grouping the countries together 
into a hierarchical structure were considered. 

To be able to analyse the cost effectiveness of 
various hierarchical network layouts and to judge 
the most economical choice of routes between 
countries, direot and/or ' tandem, a method of calcu
lation on computer was used. 

This method is based on the well-known alternative 
routing principles, aiming at optimizing (minimizing) 
the total cost of the network. A method of calcula
ting a multi-exchange local network is explained in 
the CCITT GAS 2 Manual, Chapter VI. A method based 
on this was adapted to suit an international 
network. 

The principal input data for the calculations were : 

1) 
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traffic matrix showing outgoing/incoming inter
national traf fic (telephone) from/to all the 
countries concerned and all destinations (of the 
world) ; 
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Fi g. 1 Possible routes, West and 
Central Africa 

2) cost of international transmission system per 
circuit and unit length and cost of inlet of an 
international switching centre ; 

3) grade of service ; 

4) various groupings of countries in a hierarchical 
system. 

The most difficult input data to define was the cost 
of transmission system per circuit and unit length. 
In the first analysis of the network a cost function 
was used in the form of : 

where 

B = c + b.l 

b cost for a circuit for a given le~gth 
"1" 

c = constant, representing the cost for the 
multiplex equipment (both ends) and the 
cost of one outlet and one inlet ' of an 
international switching centre 

B total cost of one circuit between two 
switching centres. 

An approximation was made in the first attempt by 
considering a "standard" type of transmission system, 
i.e. a MW system (1 + 1) with an average use of 300 
channels. ' 

Although this was a very simplified method, it pro
duced interesting results. In a second attempt the 
method was refined by introducing a different method. 
In this case the annual costs for the system and for 
specified segments of the routes were used, together 
with input data on estimated national trunk circuits 
for these segments. By this method a more accurate 
figure (annual costs) per circuit and per segment 
was obtained. 
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Since these first attempts to analyse an international 
network with a view to obtaining the most economical 
network plan, the methods have been considerably 
extended. They have recently been used in the study 
of the international network covering 27 countries of 
the Middle East and Mediterranean area. 

These methods will be dealt with in more detail in 
the following section of this paper. 

2. MIDDLE EAST AND MEDITERRANEAN TELECOM. NETWORK 

2.1 Regi~n concerned. 

The region investigated in this study, covering 27 
count~ies, is shown in Figure 2. It links together 
two other regions of the world that have been sur
veyed through the ITU, the Pan-African telecommuni
cation ne t work mentioned earlier and the Asian 
telecommunication network. 

Fig. 2 Middle East and Medi
terranean region 

2.2 Existing international systems. 

To optimize the international network of a large 
region without considering existing systems would be 
of little practical use to the countries concerned. 
In the calculations we have therefore "obliged" the 
computer to consider existing systems first and fill 
them up to full capacity before a free choice of 
systems for the required extension is made. However, 
freedom has been allowed in the calculations so that 
the routing of calls could follow a large number of 
alternatives. Should there thus be more than one 
route possible with existing systems, the results of 
the computer may not indicate some existing routes 
at all. In the final analysis of the results from 
the various computer calculations, however, the 
routing of calls has been somewhat altered in order 
to make use of such existing systems that were not 
used by the computer in the theoretical analysis. 
For large routes the number of circuits has been 
split between two or more routing paths, as is done 
in practice by Administrations to safeguard communi-
cations (although theoretically this means that 
circuits with higher marginal costs are used). 

2.3 Input data used for the network calculations. 

Prior to the network analysis an extensive volume of 
data had been assembled during visits to all the 
countries involved. 
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Considerable efforts were made in the analysis of 
statistical data on traffic, subscribers' lines, 
national economic indicators, exports, imports, etc., 
to give valid forecasts for the period 1980 - 1990. 

All computer calculations for various routing cases, 
sensitivity analysis, were made for the years 1980 
and 1990. For certain particularly interesting cases 
the year 1985 was also calculated. 

2.3.1 International telephone traffic. 

The traffic matrix was composed of 75 destinations. 
Of these the first 27 represent the individual 
countries included in the region. The other destina
tions are for individual countries or a group of 
countries (outside the region). They have been 
selected according to traffic interest and to the 
best knowledge of transit facilities. 

Figure 3 gives an idea of how the countries outside 
the region have been assigned destination codes. 
(The figure represents only a part of the world). 

Fig. 3 Destination codes for traffic 
routing in the world network 

2.3.2 Diurnal telephone traffic distribution 

Instead of using a fixed factor for the busy-hour 
traffic, a diurnal traffic distribution function has 
been introduced in the computer programme. The 
distribution given in ITC-7 Document No. 425 has been 
used. Its pattern is shown in Figure 4. 
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Fig. 4 Hourly telephone traffic 
distribution 
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2.3.3 Node numbers and permissible routing 
between nodes 

With the knowledge of existing and planned national 
routes within the countries, existing and planned 
international routes between them and possible new 
routes the necessary nodes have been numbered and 
segments (node - node) deSignated. For destinations 
outside the region under consideration "strategic" 
nodes and segments have been introduced, as can be 
seen in Figure~. To destinations outside the 
region where terrestrial routes may be economically 
competitive with a satellite (or submarine cable) 
link such nodes are necessary' for the calculation. 

---

ITea 

Fig. 5 Permissible routing between nodes as 
used in the computer calculations 

2.3.4 Systems and systems' costs. 

The various types of transmission systems allowed for 
in the calculations include all important systems \ 
known today. 

Annual costs have been used as cost input, including 
both the capital recovery component and the mainten
ance and operation component. The annual cost 
factors have been derived for the various systems as 
indicated in the table below. 

Lifetime Annual capi tal Maintenance, Annual cos 
of the recovery factor and factor 
asset at 12% i nterest operation 

Years :.; :.; :.; 

Submarine cable 20-25 13 . 0 15. 0 

Radio relay syste m 
( i nc. bldg •• ant. t 15 14. 7 20. 7 
tower ) 

Bur i ed coax. cable 25-40 12 . 4 15. 4 

Sat. space e: egment 21. 9 21.9 

Sat • • arth stati on 
(comm. ) 12.5 15 . 8 7 . 7 23 . 5 

Sat. control station 
and control centre 12.5 15.8 12 27 .8 

Mul tiplex Equipment 15 14. 7 4.5 19 . 2 

International 
swi t ching c entres 25 12 .7 16.7 

Fig. 6 Annual cost factors 

The cost inputs for the various systems considered 
have been calculated from the annual cost factors 
given in Figure 6 and applied to the capital costs. 
These have been obtained from detailed inquiries on 
equipment actually installed and information 
obtained from manufacturers. They refer to 1975 
costs. 

The input on systems' costs and maximum capacity are 
shown in Table 7. 

TRANSM. FIXED ANNUAL ANNUAL COST 
CODE No. SYSTEM ~ COST PER KM. 

SI:-l 160 300000.00 1200.00 

SC-2 640 375000.00 1800.00 

SC-3 1380 450000. 00 2250.00 

SC-4 3440 600000 . 00 3750.00 

TS 300 700000.00 0.00 

M-I 960 0.00 1677.00 

M-lA 960 0.00 187.00 EXTENSION OF SYSTEM 

M-IB 960 0.00 207.00 EXTENS ION OF SYSTEM 

M-IC 960 0.00 373.00 EXTENSION OF SYSTEM 

10 M-ID 960 0.00 187.00 EXTENSION OF SYSTEM 

11 M-2 1800 0.00 1844 . 00 

12 M-2A 1800 0.00 269 . 00 EXTENSION OF SYSTEM 11 

13 M-2B 1800 0.00 269.00 EXTENSION OF SYSTEM 12 

14 M-2C 1800 0.00 476.00 EXTENSION OF SYSTEM 13 

15 M-2D 1800 0.00 269.00 EXTENSION OF SYSTEM 14 

16 CC-l 360 0.00 1010.00 

17 CC-2 1260 0.00 1691.00 

18 CC-3 2520 0.00 2011.00 

19 CC-4 5400 0.00 2425.00 

20 CC-5 7100 0.00 }859.00 

21 £SI 50000 1645000.00 0.00 

22 ESR 50000 423000.00 0.00 

23 M-} }OO 0 . 00 1700.00 

24 M-4 1 0.00 4.80 

25 SC-5 0.00 2.10 

26 SC-6 0.00 5 . 30 

ANNUAL COST PER CIRCU IT : INTERNATIONAL SW I TCHING; MULTIPLEX; SATELLITE SPADE -
TERMINALS • 

S+MX DA I 

4.700 
o 
o 

DA R 
Lel5end : SC - Subllarine cable syste. 

S+MX 
DA I 
DA R 

2 ,400 
4,700 
2.150 

2, 150 · 
o 
o 

Fig. 7 Systems considered 
with annual costs 
and max. channel 
capacity 

M - Mi crowave eye t •• 

cc - Coaxi al cable s)'st .. 

ES - Earth stat i on (I - Intelsa t; 
R - Regional) 

S+KX. - International swi tching 
+ multiplex 

DA - Deaand ass i an •• nt 
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2.3.5 National trunk circuits. 

Most i~national transmission systems also carry 
national trunk traffic for parts of their length. 
In order to calculate the marginal annual cost per 
circuit, the number of both national and inter
national circuits must be known. 

The national trunk circuits have therefore been 
evaluated. These data have been fed into the 
computer programme as fixed input data, for each 
particular year (1980, 1985, 1990). 

2.3.6 Permissible and mandatory systems 

The existing systems (mandatory) or permissible sys
tems for new or extended routes are listed for each 
segment of the complete node pattern in the computer 
programme. The systems are designated by the code 
number given in Figure 7. 

2.4 ROUTING CASES EXAMINED 

During the work On analysing the most economical 
network configuration for an international network 
in the region some 70 computer runs were made. 
Most were made on the ITU computer in Geneva 
(SIEMENS 4004, Model 135-G). The programme requires 
230 k.bytes which ~orresponds almost to the full 
capacity of this computer. The time required for 
each run has been about 3 hours. (With a new 
central unit to be in operation in June 1976 
the calculation time will be reduced to about one 
hour) • 

2.4.1 Terrestrial routes 

The terrestrial routes that can be selected are all 
those in existence (including systems under installa
tion or ordered) plus all th ose that can be con
sidered as permissible, normally following the 
population distribution along existing or planned 
road/railway networks. Figure 5 above shows such 
terrestrial routes for one section. 

2.4.2 Satellite links 

Obviously these are not restricted by geographical 
limits but consideration must be given to : 

the coverages of the satellites over the 
Atlantic and Indian oceans in the Intelsat 
system, 

the possible coverage of the regional satellite 
system. 

For the latter case the calculations have considered 
two alternatives, one covering only the 20 Arab 
League countries and the other covering all the 27 
project countries. 

2.4.3 Hierarchical structure 

In the case of a regional satellite system all 
countries belonging to the system are considered to 
have their own earth station. This is used as a 
constraint on the calculations since the earth 
stations are also intended to receive/transmit TV 
programmes. 

There is no hierarchical structure on the regional 
satellite network. There will be direct circuits 
when justified by traffic and costs and demand 
assigned circuits for small traffic streams and 
overflow. 

In the case of the Intelsat system economically 
justified earth stations are selected by the cal
culation. The use of Intelsat circuits between 
countries that also have access to a regional 
satellite system is based on the lowest marginal 
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cost basis. In general it was found that either the 
terrestrial or the regional satellite system was 
preferred. 

For traffic outside the region and to more distant 
destinations the use of Intelsat (or submarine cable) 
circuits was preferrAd. 

A hierarchical structure, CTl - CT2 - CT3, that would 
minimize the total cost for the international net
work was investigated. 

2.4.4 Selection of last choice of international 
transit switching point. Backbone routing. 

By allowing a completely free selection of the last 
choice of transit switching point (CTl) which will 
interconnect via satellite circuits, it was found 
that the traffic streams concentrated into certain 
international switching centres in the region. This 
trend was more pronounced for the higher traffic 
values (1990). 

Based on this the network structure shown in Figure 8 
evolved as the most economical (showing only the 
backbone routing). 

ROUTINI PLAN ON T£lItlt£STlltIAL 
AM) MItONAL N(TWORK 

ROUTING PLAN OH T['U'[STftIAL AND' INTELS.T N[TWORK 

PlAN O'ACH[ ..... [ .. [NT SUR ft[5[AUX n:""[STft£ [T I.TElSAT 
I"LAN O'AC:H~NT SUR 
ft[S[AlJX T[Itft(STIIt[ [T 
RfGIONAL 

..... " .. ... " Z~ 

z 

i 

Pig. 8 Backbone routing 

The terrestrial network routing and circuit require
ments (international circuits) as well as satellite 
circuits, Intelsat or Regional, resulting from the 
above-mentioned analysis are shown in Figure 9 below. 
(The figure shows only part of the total network) • 

S~ 

2.4.5 Sensitivity checks on changes in the optimized 
network structure. 

Several changes in the above-mentioned network 
structure were made in order to check its validity. 
It was found that they all resulted in higher costs 
for the whole network. It should, however, be 
emphasized that in some of the modified cases the 
influence on the total cost was marginal. Obviously 
~his was to be expected since the larger part of the 
international traffic is carried on direct circuits to 
neighbouring countries. 

2.5 TESTING THE INFLUENCE ON REGIONAL SATELLITE 
CIRCUITS OF THE COST OF THE SPACE SEGMENT AND 
EARTH STATIONS 

The influence of TV and broadcasting requirements on 
the regional satellite network was introduced by allo
cating to each earth station a hypothetical number of 
t-circuits, i.e. 60 i-circuits. A different approach 
was tried by ~sing instead of this hypothetical 
number of i-circuits a change in the cost input for 
the earth stations + space segment part. Since the 
calculations have been based on international tele
phone traffic only, the costs for the earth station + 
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space segment has been allowed to vary between 50% 
and 100%. 

LEGEND/LEGENDE 

o 

TERRESTRIAL SYSTEM UNTERN. CIAC.I 
SYSTEME TEARESTRE (eIRe. INTENU 

41 eIRC., ,., 
158 OAC •. 1110 

SATELLITE EARTH ST. - INTELSAT SYSTEM 
STATION TEAAtENNE - SYSTOlE INTELIAT 

12'/2 C'RCUITS, I. 
152,/2 CIRCUITS. 1110 

IATELLITE EARTH ST. - REGIONAL IYITf:M 
ITATION TEARIENHE - SYSTEME REGIONAL 

11 112 CI"CUJTS, ,_ 

..!...'12 CIRCUITS. 1lIII0 

~ig. 9 Master Plan - Terrestrial routing 
and international circuit require
ments 

Figure 10 below shows how the total number of t
circuits varies only slightly between 75% and 100% 
which is the range within which the hypothetical 
number of circuits fall. For costs lower than 75% 
the number of i-circuits increases more rapidly, as 
is expected. 

Proportional to 
number of 
1/2 c ircui ts 

12 

11 

10 

ITea 

1990 

1990 

1980 

1980 

50 75 100 ,: of total costs 

Regional Satellite System for 20 Arab League Countries 

Regional Satellite Syete .. for all Project Countriee 

Fig.IO Sensitivity of total number of t
circuits to varying costs for 
earth stations + space segment 

2.6 TESTING THE INFLUENCE OF THE 24-HOUR TRAFFIC 
PROFILE 

The diurnal telephone traffic distribution shown ip 
"Figure 5 has been used throughout the network analy
sis. In this way the circuit requirements obtained 
correctly represent the highest traffic encountered 
over the particular routes. 

The traffic distribution, taken from the ITC-7 Docu
ment No. 425, has been checked for a few traffic 
streams from countries in the region and has been 
found very representative. 

A test has been made in a few computer runs by 
replacing the diurnal traffic distribution with the 
highest hour-traffic factor (busy-hour). This 
factor has a mean value of 0.1172, with deviation 
~ 10.4%. The influence of using the 24-hour traffic 
profile instead of a fixed factor is demonstrated by 
the following examples 

a) Regional satellite circuits 

A reduction of 1.0% in 1980 and 2.4% in 1990 
results from the use of the traffic profile. 

This shows that for the traffic within the region, 
where the time differences never exceed 4 hours, 
the influenoe is practically insignificant. 

b) Intelsat satellite cirouits 

A reduction of 8.7% in 1980 and 12.6% in 1990 
results from the use of the traffic profile. 

In this case we are dealing with traffic streams to 
distant coun~ries of the world and with time differ
ences up to - 12 hours. The result also clearly 
indicates an appreciable "saving" in circuits. 

2.7 CHOICE OF TRANSMISSION SYSTEMS ON INTERNATIONAL 
ROUTES 

From the mandatory and permissible systems listed in 
the programme the computer selects the most economi
cal transmission system(s). Since the calculations 
for the years 1980, 1985, 1990 are discrete calcula
tions, the result for these years may vary. We may 
find that whilst the computer has chosen a coaxial 
cable for 1980 it may have selected a microwave 
system for 1990. 

When the selected systems differ, the matter must 
obviously be studied in greater depth. Present-day 
costs for different types of systems investigated 
for a determined period of time must be compared. 
It is the intention in future computer calculations 
to include comparison of selected systems by analys
ing them on a present-day cost basis. 

3. CONCLUDING REMARKS 

It is interesting to note that with the obvious un
certainty inherent in certain input data for such a 
large network, in particular the expected traffic 
development during, say, a 10-year period, the 
results still give a very determined pictUre of the 
international network. The fact that the basic 
routing plans for the region very clearly show a 
similar layout for the extreme years, i.e. 1980 and 
1990, is an assurance of its validity. 

The correct number of circuits required is, however, 
directly related to the traffic predicted. Here, 
obviously, an error in the predicted traffic may 
have serious consequences. However, since traffic 
development is studied regularly, if not contin
uously, the trends valid for particular routes can 
be observed and provision for new circuits made in 
good time. 
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