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ABSTRACT 

Traffic measurements play most important role in supplyina 
background information for telephone network plannin!1. In 
scope of ever increasing use of international telephone 
connections also the local telephone network planning has 
to take this into account. This is done by using more the 
Recommendations of CCITT also in national network 

Traffic measuring technology and equipment have become 
quite versatile in latest years and especially SPC 
exchanges give enhanced measurement possibil ities for 
measuring telephone traffic for different purposes. 

In the paper some aspects of traffic measurements for 
local telephone network planning is presented. Connections 
of local network to international level are also taken 
into consideration. Necessary parameters and measures to 
describe the needed information are not especially covered 
but considerations are given to some planning figures and 
aspects of traffic measurements in SPC exchanges including 
effects of digital switching in this respect. A figure 
characterizing measurement philosophy in an experimental 
network is 'presented. 

I NTRODUCT I ON 

Grade of service (GOS) standards are necessary in order to 
judge the operation of telephone network and for planning 
It as well. In a joint article 1) (probably available in 
this congress) Hr R. Chapuis, Hr G. Gosztony and author of 
this paper have ' dealt with GOS in international telephone 
network and the above mentioned fact about GOS standards 
has proved to be of essential value. Recommendations 
achieved on international level form also the basis on 
which to plan national network. To achieve proper connect
ions whereever we want to call, the mentioned aspect is 
necessary to take into account also on local level. 

When considering the needed traffic parameters in tele
phone network planning, CCITT Recommendations can briefly 
be divided into two categories, namely those which call 
for traffic measurements and those which tell how to 
measure the needed parameters. I n the present study 
period many new types of proposals have been made includino 
the revisions of old Recommendations. GOS aspects have -
been very important in these contributions /1/. 

CCITT recommends to perform continuous measurements in 
order to get reI iable data for planning. However, it has 
been concluded that the amount of traffic data would grow 
enormous if gathered from all interesting points in 
network. Anyway, it can be said that SPC exchanges seem 
to offer many advantages in traffic measurements compared 
with the older technology. 

1) An article to be publ ished in ITU Telecommunication 
Journal in 1979. 
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STRUCTURE OF THE NETWORK 

The structure of the telephone network from local level to 
international part is presented in the form of an example 
in Figure 1, where the Finnish national network is 
connected to the international part. 
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Structure of the netwo~k 

Some really existing circuit groups and local ities are 
also given. The international exchange of Helsinki is a 
CT3-center and the CT2-center of Copenhagen can be 
considered as the parent CT2 of Helsinki. International 
traffic to and from Helsinki can be routed via direct 
circuit groups or e.g. via Copenhagen, Stockholm or 
Frankfurt. Low loss probabil ity circuit groups from 
Helsinki to London, Copenhagen, Frankfurt and Stockholm 
and high usage circuit groups from Helsinki to Oslo, 
Hamburg, Stockholm and New York really exist, while other 
circuit groups in the figure do not necessarily /2/. 

In Helsinki University of Technology we have studied the 
structure of the international telephone network. In the 
annex structures of intracontinental networks are 
presented. These pictures have not been publ ished before 
and so I dare to present them in this connection. The 
pictures give us a clear view of the lack in planning the 
international telephone network.- Administrations make 
bilateral agreements and use plenty of direct routes 
instead of using alternative routing based on Wilkinson 
method. Thus a lot of economic resourses are wasted /5/. 
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PLAN~ING FIGURES AND MEASUREMENTS 

On national level many different organizations may share 
telecommunication activities (PTT ; concession companies) 
and to achieve good service in all parts of the network 
quite strict planning figures are n~eded to control this 
purpose. In Finland new national telephone operation 
regulations have just been publ ished and in many respects 
the CCITT Recommendations have been taken into consider
ation. Concerning the specifications of switching 
systems, it is worth mentioning the future GAS/6 ,Hand
book, which is under preparation in CCITT /6/, /7/. 

In Finnish regulations the dimensioning of needed switch
ing elements and number of circuit groups are based on 
the use of Erlang formula. In local network the 
congestion between exchanges must not exceed 1 per cent. 
Circuit groups with less than 10 lines can be dimensioned 
for congestion of 2 per cent. 

One-directional routes are dimensioned in both directions 
separately while bi-directional routes are in principle 
dimensioned according to their summed traffic flow. The 
number of 1 ines connected to concentrator is defined 1 ike 
the routes between local exchanges. When alternative 
routes are used the nominal congestion must not exceed 
the value which is allowed without this. Dimensionin~ 

in this case is in practice made by using tables based 
on Wilkinson method. The sum of congestions in switch
ing stages in local network from subscriber to other 
must not exceed 1. 5 per cent. It is worth mentioning that 
in trunk network the sum of congestions in trunks and 
switching stages is totally less than 4.5 per cent. 

Concerned with exchange performance, some figures are 
given assuming that the above mentioned values are not 
exceeded when congestion is concerned. Such is the case 
when it is possible that a subscriber can wait for dial 
tone signal. Then registers and preceding swit~hing 
stages are so dimensioned that less than 1 per cent of 
call at t empts need to wait for this tone more than 3 
seconds. Markers and corresponding equipment are 
dimensioned in such a way that probabil ity of queueing 
more than 100 ms plus three times the average se 'lzure 
time of this equipment is less than 1 per cent. 

The measurement of carried traffic flow is done during 
the busy season of the year excluding exceptional peak 
days. This measurement ' is either based on continuous 
measurements or on the samples of extent large enough. 
The busy hour is defined in the same way as the less pre
fered method in CCITT Recommendation E.500, namely 
taking into account ten consecutive working days. 
Regulations mention anyhow that busy hour may exist out
side the normal working hours and this fact should be 
regarded. 

A considerable variety of measuring equipment is in use, 
~ome designed for a certain type of exchange and some for 
more general traffic measurements. Devices measuring 
traffic load are the most common and their operating 
principles vary somewhat. The form of output also varies, 
but some degree of manual recording of results is required 
in most devices. SPC exchanges have come to help many 
problems already in existing networks and their impact in 
this field is also rapidly increasing /8/. 

TRAFF I C HEASUREI1EIITS IN SPC EXCHAIIGES 

In SPC exchanges it is possible to make various kinds of 
measurements in the exchange without using separate meas
uring equipment or moving equipment to different points 
of measurement. The traffic data for the desired objects 
are available in the memory of the computer, in files 
that are cont i nuously updated as the telephone process 
proceeds. The actual traffic measurements then consist 
of reading these files and processing that data in 
accordance wi t h the traffic recording pr09ram in the 
program memory of the computer. In some systems, the 
traffic recording pr09rams must be expressly loaded into 
the computer memory for the purpose of carryin9 out 
traffic measurements 19/. 

The data stored in the memory of the control 1 ing computer 
can be divided as follows, for the purpose of traffic 
recordinlJ: 
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storage of recording object data associated with the 
file data updated as the call process avances 
storage of the programs carrying out traffic measure
ment 
storage of the recording program i.e. the data stored 
in advance in the exchange computer, according to 
which the traffic measurement will take place under 
control of the real-time clock at the predetermined 
time. 
storage of results, associated in particular with the 
connection of peripherals to the SPC exchanges. 

With regard to the traffic measurement needs of the user, 
the most important aspects are the provision for storing 
the recording program and on the other hand, the storage 
of the results for further processing. 

The recording program is thus taken to mean an instruction 
entered in the memory of the computer for the purpose of 
carrying out the measuring process at the desired time 
and on the desired object. The recording program contains 
data on the period of measurement, the time of measure~ 
ment, the object of the measurement, to some extent the 
parameter to be calculated and the output device. 

The traffic measurement itself is carried out by the 
traffic measurement program, which, upon receiviQg the 
command to make measurement, reads the various counters 
of the files and collects the results in its own data 
memory. This operation is started under control of the 
real time clock according to the data entered in the 
exchange memory by the user in advance with Man-Machine 
Language commands. 

Traffic measurement objects in SPC exchanges can be 
divided into three main groups: 

1. Group selector stage measurements, which are divided 
as follows: 

measurements on individual routes 
measurements on outgoing routes 
measurements concerning the destination of calls 

2. 11easurements at the subscriber stage appl ied to single 
subscribers or subscriber groups. 

These measurements yield the traffic of each individual 
subscriber, which can be divided into 

incoming and 
outgoing traffic, and 
traffic to dt fferent network levels, 
subscriber group traffic etc. 

3. Measurements on control devices of the exchange, 
which may be applied to 

signall in~ traffic 
load traffic of processors and parts 
measurements of usage etc. 

These measurements are mainly used to study the load 
situation and adequacy of the control devices. 

The measurement data is stored in files. The files of 
SPC exchanges can be divided into following groups: 

subscriber files, which are used to store data on 
the subscribers connected to the exchange, the 
facil ities available to them etc. 

route and circuit files, which are used to store 
data on the circuits connected to the exchange, the 
signall ing on them, route data etc. 

swi· tching e'luinment files, which are used to store 
data on the holding states of line units and switch
ing devices, The switching equipment fi les may be 
located in central storage or in the control of the 
l i ne units and switching devices, 

call or register fil e s include th e digits selected, 
the devi ce and directory numbers. of 'the ca 11 i n9 and 
ca l led subscriber 1 their class i ~ications etc. 

working files are mostly used for queues to the 
system. 
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SOME ASPECT ON THE INFLUENCE OF TIME DIVISION TECHNIQUE 

The traffic measurements in time division exchanges are not 
essentially different from other traffic measurements, but 
the digital SPC exchanges using the time division principle 
do offer more sophisticated possibilities of traffic 
measurements than earlier systems. Of course, it is true 
that the planning process and with that the appl ication 
of t raff i c data is to be changed somewhat. It is of 
essential value that digitalization allows recording 
functions to be implemented as a part of central ized 
operation control. When the exchanges themselves are 
concerned it can be said that digital exchanges give quite 
enhanced methods for measuring the important GOS values 
which are partly a base for exchange dimensioning. 

SPC exchanges are by nature suited to centralized 
operation, since their operation is controlled and 
measurements in them are performed by programmed commands 
through separate terminal devices. However, in the 
endeavour to central ize the acquisisition of measurement 
data according to used philosophy it is necessary to 
coniider the conventional exchanges existing in the network 
along with new technology. 

Signall ing systems provide a 'means of transferring traffic 
data from the measuring place to higher-level collecting 
and processing levels. In a PCM frame, data transfer can 
be effected via free signall ing bits or dedicated speech 
time slots. In Figure 2 this possibility is shown for 
an experimental network under construction in our 
laboratory. In the system new fiber optic transmission 
and switching technology is used /10/ 
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Figure 2. Experimental network model 

In the figure measuring instruments are distributed in 
the network exchanges and routes. The capac i 'ty of 
signalling systems in establ ished local networks is, 
however, rather limited, which increases the importance 
of local traffic data processing. To provide an accurate 
knowledge of traffic for further analysis, sample 
intervals can be held small if a computing facility is 
used which determines parameter values for 15 minutes, 
1 hour, 6 hours and 24 hours and so on. The required 
parameters are number of bids per unit time, mean length 
of calls, carried traffic flow and, if required, 
destination of traffic flow and calls. For exchange 
related control an important measurement parameter is that 
of queue lengths. The inherent object of the lowest level 
measuring system is to provide data for control purposes. 

If necessary, measuring data are transferred to the next 
higher level, oj the collecting level, which acts as a 
control and planning level. Further, for control, 
planning and forecasting the network traffic, the third 
level provides processing of measured data. At the inter
face to the international network, a central processing 
utility is located, which covers the whole national 
network. 
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ANNEX 

THE INTERNATIONAL INTRACONTINENTAL TELEPHONE NETWORKS 

The international telephone network insi de Europe is very -
dense, because nearly every country is connected to the 
others through circuit groups. Primary routes used are 
usually direct routes and possible secondary paths are 
transit paths. The util ization of alternative routes is 
minimal. 

Exceptions to the abo~e mentioned routing practice, the 

'-' 
f/ 

usage of direct paths, exist, however: The international 
traffic of Albany, Iceland and Ireland is mainly routed 
via t he international centers of their neighbo~ring 
countries. In addition, there are exceptions when 
routing traffic from one side of Europe to another, from 
Northern Countries t o Bulgaria, Roumania and Turkey and 
from Portugal to Northern Countries, German Democratic 
Republ ic, Soviet Union, Poland and Turkey. 
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The American intracontinental network is not so dense as 
that in Europe, because more transit paths and-alternative 
routes are used. Normal routes are either direct routes 
or pass through the international gateways of USA, Canada, 
Mexico, Panama, Brasil ia or Argentina. Direct routes 
originating in an American country usually terminate in 
the international centers of USA, in the international 
centers of their neighbouring countries and generally 
in at least one of the international gateways of Mexico, 
Panama, Brasil ia, Argentina, Venezuela. To a certain 
extent calls are routed through Madrid, Paris, Rome and 
London, e.g. the traffic between Uruguay and Peru is 
routed via Rome and the traffic between Colombia and 

KAHADA 
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El Salvador is routed via Madrid. 

As mentioned before, direct routes originating in USA 
terminate in all other American countries with the 
exception of the state of Guyana and some islands. Usually 
the international traffic of Central America is directed 
via USA. Only Panama has many direct routes. Also the 
international traffic of Surinam and part of the inter
national traffic of French Guiana is routed via the inter
national gateways of USA. The circuit groups originating 
in Canada terminate in USA, in the bigger South American 
countries, in Panama, Jamaica and Haiti. 

~ \ 

figure 2. The international telephone network inside America 
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The Asian intracontinental telephone network is not so 
dense as that of Europe, because there are not circuit 
groups between so many countries, as we can see in the 
figure 3. Both direct and transit paths are used as 
primary routes. The international gateway of every Asian 
country is connected through a circuit ,group to at least 
one of the international centers of the following 
countries: Hongkong, India, Japan, Singapore. The inter
national centers i n these countries are the most 
important intermediate transits in Asia. Most of the 
transit routes seem to pass through Hongkong. Among 
other centers . used as intermediate transits is Bahrain, 
through which many transit routes to Near East pass. 

When setting up international intracontinental calls in 
Asia, also intercontinental circuit groups are used both 
in normal connections and in other connections: cal Is 
are set up via Rome, Paris, London, Frankfurt, Zurich and 
Moscow and via the international centers of USA and 
Canada. The international gateways of London and Rome are 
the most frequently used. The international traffic of 
Israel is nearly totally routed via European and North 
American international centers (the exceptions are circuit 
groups between Tel Aviv and Tehran and, considering inter
continental traffic, circuit groups from Tel Aviv to 
Capetown, Sydney, Buenos Aires and Rio de Janeiro). 
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Intracontinental circuit groups originating in an African 
country seem to terminate in neighbouring countries and 
usualluy in at least one of the following centers: 
Brazzavil le, Abidjan, Nairobi, Dakar, Lagos, Kinshasa, 
Johannesburg and Capetown. 

African countries can be devided into four groups 
according to how the international intracontinental calls 
are routed: 

countries, traffic of which is generally 
routed via Europe (direct paths to 
neighbouring countries exist) 

countries, traffic of which is generally 
routed via another African country 
(direct routes to neighbouring countries 
exi st) 

countries from and t o which part of the 
traffic is routed via Europe, part is 
routed through direct paths and part 
through transit paths 

countries from and to which part of the 
traffic is routed via Europe, part through 
direct paths and a small part through 
trans i t paths 

Angola and Mosambik are examples of the first mentioned 
group. The international traffic of these countries is 
nearly totally routed via Lisbon. The intracontinental 
international traffic to and from Djibuti and Guinea is 
routed via Paris. Of the second group we haye as an 
example Tansania, the international traffic of which is 
routed via Nairobi. Part of the international traffic to 
and from Algeria is routed to Paris, London and Lisbon, 
part is routed via Brazzaville and Nairobi and part through 
direct paths. Thus Algeria belongs to the third mentioned 
group. Among important nodes in African international 
traffic are Brazzaville, Nairobi, Abidjan and Douala 
(Douala is situated in Cameroun). The traffic to and from 
Kenya is routed through direct paths and via London, the 
traffic to and from Ivory Coast is routed through direct 
paths and via Paris and Rome. 

Figure 4. The international telephone network inside Africa 
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Inside Australia-Oceania both direct paths and transit 
routes are used as normal connections. The international 
centers of Sydney, Auckland, Honolulu, Suva (in Fidji) and 
Noumea (in New Caledonia) are the intermediate transit 
centers used in transit connections. 

The traffic of the islands of Midway and Wake, Mariannes, 
Carolines and Marshal I Islands is switched through Sydney
Hawaii or Sydney-Denver. The calls from and to Gilbert 
Islands, American Samoa, Western Samoa, Tonga and Tuvalu 
are routed via Fidji or New Zealand. 

Figure 5. The international telephone network inside Australia and Oceania 

In the former the international intracontinental telephone 
networks have been presented, but not a word has been 
mentioned about intercontinerital circuit groups. tnter
continental routes mainly use terrestial and sa~ell ite 
circuits, but also some radio telephone connections are 
ava .ilable. If there are two intercontinental circuit 
groups between two international centers, one usually 
consists of terrestial circuits and the other of 
satell i te ci rcui ts. 

The highest is the number of circuit groups between 
Eu~o~e and Africa, about 270 (plenty of circuit groups in 
the Mediterranian area, also many from Southern Europe 
and Central Europe to tvory Coast, Nigeria, Sudan and 
South Africal. Between Europe and Asia there are almost 
as many clrcuit groups as between Europe and Africa: 265 
(plenty of groups from Central Europe to Near East, Tehran 
and Tokiol. 

Many of the 140 circuit groups between Europe and 
Southern and Central America terminate in Europe in 
Madrid and also many in London, Paris, Rome, Frankfurt 
and ZUrich. In America the terminating centers are most 
often Buenos . Aires, Rio de Janeiro, Mexico, Lima and 
Caracas . One third of the 12Q circuit groups from Europe 
to Northern America terminates in the international 
centers of Montreal and Toronto and the rest in the inter
national centers of USA. In addition there is a direct 
route between Bermuda and London. 
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The numbers of the other intercontinental circuit groups 
are: 75 between Asia and Northern America 

50 between Asia and Africa 
30 between Asia and Austral ia-Oceania 
30 between Africa and Northern America 
23 between Europe and Australia-Oceania 
(+ 43 from Hawaii to United States) 
20 between Asia and Central and Southern America 
15 between Africa and Central and Southern America 
3 between Africa and Australia-Oceania 

none between Australia-Oceania and Central and 
Southern America. 

121, /3/, /4/ 
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