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1. INTRODUCTION 

It is an interesting question how teletraffic stream 
flows, how it has changed during the last decades 
and what are the parameters that describe this flow 
best. This problem has been studied during the 
years and various results have been presented at 
different teletraffic conferences. Relating to this 
author has participated in CCITT work and Grade 
of Service (GOS) -discussions for example with 
Gosztony and Chapuis [1]. 

In general mean call lengths on all routes have 
been increasing and the placement of busy period 
is not so obvious. The teletraffic process can be 
described with multiparameter models and one 
parameter model is no longer sufficient. 

Generally in telecommunication networks 
subscribers don't only speak any more but change 
information or wait for service or information. 

Queueing systems, service systems, electronic 
mail, computer conferences, telefax services and 
data calls dominate more and more the character 
of teletraffic. This is why studies and dimensioning 
of queueing and service systems are important. 
The duration of busy periods can be some seconds 
or occaSionally even many hours. 

This paper presents some recent measurements 
results. Different traffic models and measurement 
methods are compared as well as 
recommendations. The conclusion is that the form 
of telephone traffic has not changed over the 
years. 

2. SUBSCRIBER TRAFFIC 

Professor A. Lotze with his scientists in Stuttgart 
developed by utilizing computers extremely useful 
tables and curves for planning and dimensioning 
[2] that are still widely in 'use known as the 
"Siemens Blue Book" [3]. These curves are based 
on subscriber traffic of p = 1/25 Erl = 40 
mErllsubscriber [4]. This value for planning is still 
good for small user groups but according to our 
measurements for busy users values of 
1/20 ... 1/10 = 50 ... 100 mErl should be used [5]. The 

measurements [5] show that traffic per subscriber 
is still an important parameter for planning and it 
should be continuously controlled. Good 
knowledge on the use of different services 
subscriber by subscriber is needed especially when 
it comes to ISDN and 8-ISDN. 

An important quantity in telecommunication 
network planning is Erlang-value during the busy 
hour. This ties previous measurement results 
together with current continuous measurement 
results. The results for busy hour measurements 
correspond well to continuous measurement 
results as it can be seen from many references [6], 
[7], [8]. When continuous measurements according 
to the need of today are carried out, these results 
can be connected through time series method with 
different kind of correlation studies to quantities 
that are describing route development. 

Telecommunication networks develop through 
evolution [9] from one stage to another and 
changes in the character of traffic can usually be 
detected with the help of previous busy hour 
measurements. This is true although the placement 
of busy period has changed (Figures 1 and 2) and 
peaks are not so obvious any more and the mean 
call length has been increasing (Figures 3, 4 and 
5). The theoretical values for Weibull parameters in 
Figures 4 and 5 are calculated as in [10] and 
exponential distributions are based on fixed mean 
values. The mean call length in Helsinki district has 
increased from 2.3 minutes in 1960 to 4.2 minutes 
in 1988 (Figure 3) . This is caused by increased 
special traffic and data traffic and international 
traffic because the farther you call the longer you 
talk [5] (this is valid in Finland not for example in 
Cyprus as seen later). 
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Figure 1. Traffic intensity 1964 [11]. 
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Rgure 2. Traffic intensity 1988 [12]. 
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Rgure 3. The mean call length in Helsinki district from 1960 
to 1988 [13]. 
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Figure 4. Holding time distribution 1966 [14]. 
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Figure 5. Holding time distribution 1982 [13]. 

The data from Telecom Finland and Cyprus 
Telecommunications Authority (CYT A) also 
approves that holding times are longer today than 
in the past. In Cyprus however long distance calls 
are not longer than local ones as in Finland 
(Figures 6 and 7). 
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Figure 6. Call lengths in Telacom Finland [15]. 
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Rgure 7. Call lengths in CYT A [16]. 

Continuous control does therefore D.Q1 remove the 



importance of busy hour measurements but 
instead further clarifies the short-period network 
management. 

The interest ratio has remained practically the 
same over the past decades. More calls are made 
from a smaller site to a bigger one than vice versa 
[5]. The interest ratio is about 1.1-1.3 [17]. 

Traffic measurements should be done in order to 
construct a fair traffic flow charging system where a 
subscriber would pay for the service he receives. In 
computer usage tariffs and intelligent network 
services this matter has already been taken into 
account. 

3. TRAFFIC MEASUREMENTS AND NETWORK 
CONTROL 

Traffic measurements are extremely important part 
of . network management. Detailed process data 
(routing, faults, network management actions, 
charging, etc.) is continuously collected in network 
management. This data offers excellent 
interpretation and background information. 

In network management there is a separate data 
collection part, data processing part and a part for 
calculation of parameters. Interpretation of the 
iesults is left to the network manager: busy hour 
values for the planning (one parameter: calls, 
Erlangs, busy periods, mean call length), 
fluctuation of traffic and control limits for network 
management purposes, grade of service (GOS) 
[18] and quality of service studies (binomial, 
multinominal, Erlang, Weibull, NOM, E-ERT). 
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As seen from Figure 8 there are three parameters 
(scale parameter Cl, shape parameter f3, location 
parameter y) in Weibull model. From these 
parameters other models' parameters can be 
calculated [19, 20]. In many cases the Rayleigh
distribution (f3=2) is useful. 

Bretschneider's E-ERT is very useful for small 
route dimensioning (p>0.2, n<50, where n is 
number of lines). The duration of congestion can 
be defined f·rom the K M Olsson's formula 
E{te} = tmln, where tm is mean call length. This can 
be monitored in time periods and upper and lower 
limits can be set on both sides. Bretschneider's 
formula utilizes negative traffic sources and trunks. 

Y. Rapp developed a method that takes time 
differences in international routes into account. 
This was an important extension to Elldin's and 
T~nge's measurements in Malmo and it introduced 
a new planning quantity that takes time differences 
into account. Ahlstedt used longer two-hour daily 
traffic measurement periods in Helsinki and 
converted the measured value to the peak hour 
value by means of a correlation factor. This means 
that he was the first one to introduce a method that 
made peak hour measurements unnecessary. 

Author has showed that different peak hour 
measurements are equal but when only one hour 
(peak) is measured the mean traffic XSH equals 1.1 
times the mean traffic of 2-hour measurements [21] 
that is xsH=1.1 *X2H and respectively xSH=1.2*X8H [10] 
and X6H=4.04*X24H (so xSH=4.8*X24H) [14]. After these 
results he proposed continuous measurements 
[22]. 

From year 1962 the author has made traffic 
measurements in order to study traffic parameters 
[20, 17]. During the last years we have done 
comparative studies in networks in different 
countries. There are differences in network 
structures between different countries that have to 
be taken into account when doing measurements 
for control and modelling of teletraffic. 

Modern technique makes centralized real-time 
measurements and control possible. Then 
operations for network management can be done 
also in real time when needed. Now computers are 
efficient enough to simulate even one call and on 
the basis of this simulation run to determine the 
best routing for the traffic like I previously have 
speculated [19]. 
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Continuous controlling of tail congestion [23], busy 
hour traffic [7] and congestion controlling [8] have 
been interests of Finnish teletraffic studies. Based 
on this work CCID has accepted the ADPFH
method for daily continuous measurements into the 
1988 Blue Book recommendation E.500 [24]. 
Alcatel , Ericsson, Siemens and Nokia 
Telecommunications are supplying Finland with 
SPC traffic measurement systems that are 
compatible with the ADPFH-method requirements 
as a part of network management. The DX-220 
experiment in the Helsinki Telephone Company is 
an important pilot for task-oriented processing 
switching and network management where GOS is 
continuously under control. 

4. FINNISH CONSTRUCTION REGULATIONS 

Finnish Telecommunications Administration Centre 
has approved construction regulations for 
telecommunications networks [25] where 1988 
CCITT recommendations are taken into account 
and relations between different measurement 
methods are discussed .. As a result of this it is a 
regulations collection that requests telephone 
companies to measure traffic quantity, quality and 
character. Factors concerning traffic character that 
affect GOS are declared and controlling of slowly 
changing quantities of network is also emphasized. 

In normal situation traffic flow is controlled so that 
attention is much paid to control management. In 
exceptional situations also offered traffic can be 
restricted according to traffic measurements. 

Finnish traffic regulations require mainly 
continuous measurements that define traffic 
intensity, number of calls and time and call 
blockings. Measurement objects are (in the scope 
of network planning, management and 
maintenance) traffic routes, switching systems, 
numbering sections, traffic dispersion, forms of 
traffic, services, traffic origin, trunks and subscriber 
lines. Switching system load and carried traffic are 
measured simultaneously. Loads of essential 
device units and waiting times are measured 
regularly. 

Sufficiency of traffic switching capacity is controlled 
by time blocking measurements. The goal is that in 
the public national telecommunication network no 
more than 2.5 % of subscriber's yearly call trials 
are blocked and toll network nominal blocking is no 
more than 1 % and 0.3 % for a single exchange. 

In general traffic measurements are required 
continuously on all routes but the desired 

parameters can be calculated separately in order 
to achieve the above mentioned objectives. This 
shows that traffic process model measurements 
and point-to-point measurements are necessary 
and different kind of correlation measurements are 
to be done in order to define the critical 
parameters. Suitable methods for this are 
introduced in CCITT Blue Book 1988 
recommendation E.500 [24]. 

5. CCITT RECOMMENDATION E.500 

CCITT Recommendation E.500 constitutes an 
excellent basis for traffic measurements. It 
presents two methods for yearly measurements 
and three methods for daily measurements. Yearly 
measurements can be continuous measurements 
[24, §4] where measurements are taken every day 
of the year and mean of 5 and 30 highest days is 
calculated or they can be non-continuous 
measurements [24, §5] where measurements are 
taken only on a limited sample of days in each 
year. 

Daily measurements can be non-continuous 
[24, §7] according to Fixed Daily Measurement 
Period (FDMP) and Fixed Daily Measurement Hour 
(FDMH) -methods where only a fixed period or 
hour is measured or they can be continuous 
measurements [24, §8]. In continuous daily 
measurements Time-Consistent Busy Hour (TCBH) 
or Average of Daily Peak Hour (ADPH) can be 
used. TCBH is the "normal" busy hour method. In 
ADPH the traffic intensity is measured continuously 
in full-hour periods (ADPFH) or in quarter-hour 
periods (ADPQH) but only the daily peak hour 
intensity is registered. The average is taken over a 
number of days peak intensities. 

6. CONCLUSION 

The character of teletraffic has been the same for 
the last 30 years. The placement of busy period 
has changed as previously shown in Figures 1 and 
2 and it is not so obvious any more. Special traffic 
and data traffic are beginning to dominate on the 
routes and this is noticed for example from the 
change in mean call lengths (Figure 3). In Chapter 
2 I stated that traffic per subscriber has increased 
from the value of p=1/40=25 mErl [4] about to 
value of p=1/20=50 mErl. So people talk more and 
longer. Different information inquiries and services 
require the use of computers in information search 
and this causes increased traffic. Most of the time 
on the line subscribers are not talking but waiting. 



Weibull model is good to describe call and call 
length processes. The shape parameter f3 has 
maintained the value f3=O,7 .. 0,9 in call length 
distribution. The proportion of very short and 
respectively very long calls is bigger than in 
exponential distribution. CCID has resolved in 
Blue Book 1988 how the measurements for control 
and modelling of teletraffic should be done and the 
desired results obtained. 
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