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ABSTRACT 

At the Norwegian Institute of Technology telephone traffic 
investigations have been carried out by computer analysis 
of data collected with the aid of an equipment primarily 
installed for accounting purposes, METRO [1], [2]. 

Based on experiences gained, a new project is started in 
cooperation with the Norwegian Telecommunications 
Administration. A computer controlled data collection 
equipment is installed in a local telephone exchange. 
This project is termed CARAT (C,omputer Aided Recording and 
Analysis of Traffic), and is described Tn a companion 
paper [3]. -

The data collected are stored on magnetic tape for 
further _off-1ine computer analysis. This paper concen
trates on a study of the collected data, with special 
emphasis on subscriber behaviour. An important feature is 
that the observation points are very close to the sub
scribers, so that really fresh traffic data are obtained. 
This offers the possibility of very detailed observations 
of subscriber behaviour, as well as the interaction 
between subscribers and technical system, with the in
fluence of the varying traffic situation. 

After a survey of traffic variations the call generation 
process is studied and comparison with a Poisson process 
made. Further the different subphases of the process of 
establishing a connection are treated individually and 
then pairwise correlated. Finally the results of an 
introductory study of repeated calls are briefly surveyed. 

It is pointed out that a prolonged test and debugging 
phase for the equipment in the laboratory as well as on 
site - ~hich may not be unfamiliar to people working in 
this field - has led to a limitation in the amount of data 
and the possibilities of thorough analyses before' the 
Congress. This paper, therefore, should be considered 
as a preliminary report to the Congress on a non-completed 
project. 
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1. INTRODUCTION 

The growing interest throughout the world for telephone 
traffic ob,servations and '1leasurements is due to the in
creasing traffic probl~~~~ ever more complicated net
work representing very lar~~ , fu~estllents. Because of 
these investments it is important to obtain a high 
efficiency. However, the high efficiency tends to make 
the network more sensitive to load variations. It is also 
known that the interdependence between different parts of 
the network may cause a congestion situation in one place 
to be transferred to other places, even if the equipment 
in these places is correctly dimensioned. 

This development must be countered by means of better 
methods of measurement apd observation as a basis for 
optimum network management. Besides, a better knowledge 
of the traffic itself and the influence on traffic by 
different causes, like for instance subscriber reactions, 
is wanted. 

Two interrelated activities may be envisaged: 

1. Measurements that are part of the continuous main
tenance of the network. 

2. Measurements aiming at more general traffic studies 
as part of a long range research activity. 

For both areas new types of equipment must be introduced, 
taking advantage of computer technology and methods. ' 

At the Norwegian Institute of Technology these problems 
have been studied for some time in cooperation with the 
Norwegian Telecommunications Administration, with emphasis 
on item 2. The recording system ,METRO [1] was developed 
primarily for accounting purposes, but it has supplied 
useful traffic data as well [2]. 

A new recording system CARAT (Computer Aided Recording 
and Analysis of Traffic) is developed and installed in a 
local public exchange in Trondheim. The system CARAT and 
some of its capabilities are described in a companion 
paper at this Congress [3]. Here it is only briefly 
mentioned that the system is controlled by a small on-line 
computer, and the data collected are stored on magnetic 
tape. The subsequent data processing takes place off.-line 
on a large computer at the computing centre of the 
Institute. 

2. DATA MATERIAL 

The CARAT equipment was completed this winter and install
ed in March. Because of the time needed for test opera
tion and the short time until the Congress, the data 
recorded are very limited and have been available for pre
paration and analysis only a short while. This paper, 
therefore, should be considered as a preliminary report to 
the Congress of a non-completed project. 

The data available are collected between April 5th and 
May 3rd containing lO ,work days. During a normal work 
day some 5000 - 6500 calls are recorded, of which 670 -
750 are busy hour calls. Two days in the quiet week be
fore Easter have. about 3700 calls with approx. 470 during 
busy hour, and then on May 2nd the load was very heavy 
with 7700 and 1504 calls respectively. Altogether 
approximately 50 000 calls are recorded. 

ITC 7 



As is described more detailed in the companion paper [3], 
the observations are carried out on a group of 500 sub
scriber numbers in an L. M. Ericsson exchange of the AGF 
type. The group contains 88 PABX lines, 143 other busi
ness lines, 215 re~idence lines, 16 lines for special 
uses like operator trunk lines, 2 coin telephones and 
finally 36 lines that are not in use. 

It should be emphasized that none of the subscribers. have 
been aware of the experiment, so that the results are 
fully objective. This differs from several earlier in
vestigations, when the subscribers have known that they 
have taken part in an experiment. 

The data collected for each call are listed here. For 
more details see [3]. 

Junctor number. 
Calling subscriber number (A-number). 
Called subscriber number (B-number). 
Number of accounting pulses. 

TO Call initiation time. 

Time interval f 'rom TO until junctor seizure. 

" " " " release. 

" " " register seizure. 

" " " " " release. 

T2 

T3 

T4 

TS 

T6 " " " " " group selector finds 

T7 

T8 
6

0 
61- 6.,: 

·6
end 

: 

" " 

Time from 

Intervals 

Time from 

register seizure 

between digits. 

last digit until 

free out1-et. 
group selector release. 

first accounting pulse. 

until first digit pulse. 

register release. 

The time interval T4 is not ,measured at present. It is 
referred to discuss10n in section 5.2. 

3. TRAFFIC VARIATION 

The traffic intensity within the observed subscriber group 
varies from day to day and with the time of day. The 
different subscriber categories also have their own 
traffic variation during the day. 

· In Fi g. 1 the variations in carried outgoing traffic 
wi t hin the three subscriber categories are sho~ as an 
average for ten · work days : The highest traffic peaks 
occur before noon as expected. This is even the case for 
r~sidence subscribers. 

10 11 12 13 IS 16 17 18 19 2Q. 
[time of dayJ 

Fig. 1. Daily traffic variations. 
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In the exchange the subscribers in a 500 line group share 
50 junctors, but some of these are out of use for control, 
due to failure etc. During the highest traffic peaks of 
May 2nd, a load of 41.8 er1angs was observed on 42 junctors 
in use within a ten minute period, indicating a great over
load of the system. The traffic peaks in Fig. 1 reach 32.3 
er1ang in average over ten days. 

In table I the start of busy hour for each subscriber 
category and the carried busy hour traffic per category 
and per inaividua1 line are shown. The values are aver
ages over ten days. 

PABX-lines Business Residence All subscr. 
subscr. subscr. inc1. ,. ~pec. 

lines 

Start of 
busy hour 10.09 9.12 10.61 9.51 
Busy hour 
traffic 16.79 5.93 4.47 31.0 
Busy hour 
traffic 0.192 0.041 0.021 0.067 
per line 

Table I. Busy hour traffic characteristic·s. 

The busy hour traffic and call generation rate from day to 
day are illustrated in Fig. 2. It probably illustrates 
quite well the traffic engineer's dilemma of choosing the 
traffic load for which the system should be dimensioned 
and of deciding how much equipment should be installed 
just to serve the infrequent traffic peaks occuring for 
exampLe on May 2nd in our observations. As is seen from 
the figure, where also the effective number of junctors 
each day is given, the number of generated calls within 
busy hour follows the traffic carried with limited 
deviations most of the days. However, on May 2nd the 
number of calls reaches an extreme value as the ·abso1ute 
capacity of the system is approached. A great part of the 
call attempts (about 5·0%) did not even obtain dial tone, 
and it must be assumed that a substantial part of the over-
load is caused by repeated attempts. A few more ·comments 
on this fact are made in section 6 of this paper. 
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Fig. 2. Busy hour traffic and number of calls. 
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4. THE CALL GENERATION PROCESS 

The normal assumption of a negative exponential dis
tribution for interarrival times is based on a model of a 
large number of independent sources generating calls at 
random with a time independent rate. With a call rate A, 
the probability density is 

-At f(t) = Ae 

Mean interarrival time: 

Standard deviation: 

t 
m 

o 

1/">.. 

l/A 

(1) 

This assumption also leads to a Poisson distribution for 
the number of calls during fixed time intervals. 

If the call rate varies with time, the probability density 
may be approximated by a weighted sum of exponential 
functions: 

where 

Here 
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time is 
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a. 
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~ (5) 
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By comparison, if tml=tm, then 0
1 

> 0 for all n > 1. 

In addition to a varying call rate, the call generating 
process may be influenced by repeated calls. It is 
evident from [2] that the call repetition rate increases 
with traffic, though a strict quantitative relationship 
' is not yet established. A clustering of repeated calls 
around congestion situations will clearly lead to a 
further deviation from the random process. 

It should be noted that even substantial variations in 
call rates produce only slight deviations from the nega
tive exponential distribution. One should, therefore, be 
very careful to draw definite conclusions as to station
arity and randomness from a fairly good fit to the ideal 
distribution. It should also be noted that according to 
equations (1)-(5}, call rate fluctuations lead to a more 
concave curve than the exponential curve, with increased 
values far from the mean value. Thus more emphasis should 
be put on the standard devia~ion to mean ratio than on the 
value of square deviation (X ), since the latter evaluates 
deviations equally along the whole range. 

Earlier investigations, for instance ref. [2] and [4] have 
concluded that the call generation process is very close 
to a Poisson process. These investigations were both 
conducted at a stage in the system where smoothing effects 
may have reduced the deviation. The present study concen
trates on the process at the very originating points, and 
should therefore give the really fresh process. 

Since the material is limited, final conclusions cannot · be 
drawn. However, a material based on 10 busy hours with 
call numbers ranging from 465 to 1504, altogether 7705 
calls has been studied. In Table 11 some results are 
indicated. 

The results ·given in the table indicate no clear tendency. 
The standard deviation exceeds the mean value in the 
majority of cases. The x2-test sho~s a fairly uniform 
distribution between 0 and 100. The poorest fits are 
found for the cases of 997 calls and 469 calls, the first 
of which distributions has extended tails and the second 
has a concentration between 1 second and 2,5 seconds. For 
the very high call rate the last day (May 2nd, 1504 calls), 
there is a moderate predominance of very short and very 
long intervals. This effect is more pronounced for the 
case with 997 calls. 
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Date No. Mean Stand. Rel. Degrees 2 
X -test. 

of dis.tance dev. square of percent 
calls (secs.) (secs.) dev. freedom 

5/4 673 5,332 5,095 22 26 70 
6/4 674 5,337 5,373 32 26 20 
9/4 997 3,592 3,853 36 23 8 

10/4 706 5,095 5,136 26 26 45 
11/4 720 4,999 5,277 23 26 65 
12/4 743 4,845 4,818 16 25 92 
13/4 754 4,771 4,627 22 25 61+ 
16/4 465 7,736 7,792 17 27 92 
17/4 469 7,636 7,914 35 27 12 

2/5 1504 2,393 2,561 18 19 53 

Table 11. Busy hour call generation ·characteristics. 

For 6 out of the 10 days the call rate lies within ± 6% 
of the common average. In order to increase the material 
to better notice systematic deviations, all intervals for 
the busy hours of these 6 days are scaled according to the 
ratio of the day average to the common average. If 1/">... 
is the average interval of the i-th day and 1/">.. is the ~ 
common average, then any interval ti of the i-th day is 
scaled to 

(6) 

The result for the 4270 calls is given in Fig. 3, which 
shows a rather smooth fit to the exponential curve, as 
well as a very close agreement between mean and standard 
deviation. 

OBSERVATIONS, 4270 CALLS 

MEAN: 5.064 SECONDS 

STD. OEV: 5.070 SECONDS 

4 

2 

o 

NEGATIVE EXPONENTIAL CURVE 

20 
[seconds] 

Fig. 3. Busy hour distribution of call interarrival times. 

As a preliminary conclusion we state: 

1. With the data available no significant deviation from 
the negative exponential distribution for call 
arrivals has been found. 

2. Further studies of clustering effects should be 
carried on with emphasis on call rates during and 
around busy periods. Repetitions should be observed. 
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5. OBSERVATION OF TIME PHASES 

5.1. JUNCTOR SEIZURE DELAY 

The delay from the instant a subscriber lifts his handset 
until a junctor is connected (T 2) is only dependent on the 
system and the traffic situation, not on the subscriber. 

The junctor seizure delay was observed for B days of 
moderate to high traffic and 1 day (May 2nd) with extreme 
traffic. Of the busy hour · calls 427B and 743 respectively 
obtained a junctor. Fig. 4 shows the frequency function 
of the delay for the two traffic cases, with mean values 
of 2.61 seconds and 10.2 seconds respectively. For the 
heavy traffic case almost 60% of the calls that obtained 
junctor had to wait for 5 seconds or more. Abandoned 
attempts are not included in this material. They account 
for about 50% of all attempts in the heavy traffic case. 
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Fig. 4. Junctor seizure delay. 
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In Fig. 5 the average delays during ten minute periods 
are shown for the two cases. These vary between 1.0 and 
3.3 seconds and between 0.9 and 12.7 seconds respectively. 
(From about 13 o'clock of May 2nd the ecordings got lost). 
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Fig. 5. delay - 10 minute average. 

5.2. SUBSCRIBER DIALLING 

In principle it is distinguished between junctor seizure 
(T

2
) and register seizure (T 4). In this exchange system a 

junctor is seized only if a register is available for this 
junctor, and there is a time difference of T~-T ~ 50 ms. 
After register seizure the dial tone is further 2delayed 
approximately 200 ms because of a category test. Junctor 
seizure is used as reference, and the measured delays of 
first dial pulse are therefore about 250 ms longer than the 
real delay from tone to first digit. This is about 10 per
cent. Similarly, one dial break pulse is included in each 
interval 61 - 67 between digits, indicating interdigital 
times on average about 5 percent longer than their actual 
lengths. These errors apply to the diagrams, and are for 
consistency reasons also kept in the tables. 

Included in this section are the results for approximately 
42 000 calls, of which 21 000 are generated by PABX-sub
scribers, 9 000 by other business subscribers and 5 000 by 
residence subscribers. The remaining 7 000 calls come from 
special lines. About B 300 are trunk calls with B digits 
or more, while "the rest are 5 digit local calls or 3 digit 
special number calls. 

Category 6
0 61 62 63 

64 6
5 

66 6
7 81- 7 

!All calls 2.64 1.12 1.15 1.16 1.15 LIB 1.07 1.07. 1.14 
PABX 2.59 LOB 1.10 1.12 1.12 LOB 1.02 1.05 1. OB 
Business 2.61 1.13 1.17 1.17 1.17 1. 2B 1.17 1.17 LIB 
lResidence 2.73 1.36 1.42 1.39 1.39 1.50 1.46 1. 29 
Trunk calls 2.B2 1.09 1.16 1.31 1.05 LOB 1.07 1. 07 

Table Ill. Mean values of predialling delay and inter
digital times (seconds). 

1.39 
1.12 

Some results are tabulated in Table Ill, where 6 is pre
dialling delay, 6

1
,_6

2
, --, 6 7 are interdigital ~imes, and 

their average is 6 -7' Values are given for all calls 
as a common group and split up in PABX, other business and 
residence. Long distance calls are included, and also 
treated separately as shown. 

After corrections the delay from dial tone to first digit 
is 2.4 seconds and interdigital times 1.1 seconds in aver
age. Residence subscribers are significantly slower (30%) 
than PABX-users. Comparison between intervals of different 
order numbers is somewhat blurred for the all calls group 
since 3 digit (very few calls), 5 digit and B digit calls 
are mixed. The 5 digit local calls are predominant. The 
separate treatment of long distance calls shows signi
ficantly longer second and third intervals than the rest, 
that are quite uniform. This indicates a distinct pause 
in dialling between area code and local number. Norwegian 
area codes are two- or three-digit including the prefix 
zero. 

Distribution curves for three of the items in Table III 
are shown in Fig. 6. 
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Fig. 6. Interdigital times and predialling delay. 
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5.3. REGISTER HOLDING TIME 

The register holding time(t h='5-'4~ '-'2) is dependent 
on the calling subscriber, ttie system, ~nd the traffic as 
we l l. Frequency functions for register holding times for 
local calls (5 digits, a few of 3 digits), trunk calls 
(S digits) and total are shown in Fig. 7. The material 
contains 34 400 local calls and S 300 trunk calls. Mean 
values are 14.7 seconds, 27.1 seconds and 17.1 seconds 
respectively. 

The traffic dependence is less than it is for junctor 
seizure delay, as expected. Average register holding 
times vary over the day between 12 and 17 seconds for 
local calls and between 17 and 32 seconds for trunk calls. 
For the heavy traffic of May 2nd, the upper limits are 19 
and 4S seconds, indicating congestion between local reg
isters and transit exchange registers. 
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8 MEAN: 17.1 SECONDS 
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" /. ', ....•••.. , ._ .... 

.. 
/;f -. - - -- ____ , ... __ ._ .... _____ •. __ ._-

... ..................... --

6 

4 

2 

4 8 12 16 20 24 28 32 36-

Fig. 7. Register holding times. (secondsJ 

5.4. POST DIALLING DELAY 

Post dialling delay is an inactive waiting phase and 
hence of subjective importance for the subscriber. It is 
defined as the delay from the last digit until ringing 
starts. Since the latter instant only can be observed in 
own exchange, as no special tone detectors are provided, 
the observations are limited to that range, including 
7 900 calls distributed over 10 days. In own exchange the 
ringing start is coincident with register release, and the 
delay, therefore, is given by S d' Fig.S shows the fre
quency function for the delay o~nfhese calls, with a mean 
value of 3.7 seconds and S5% less than 5 seconds. 

Assuming that ringing time is the same for local and trunk 
calls, post dialling delay may be derived by 

tp = Send + ('S-'5) actual - ('S-'5) own exchange (7) 

For a sample of trunk calls the following ' mean values are 
observed 

t 11.3 + 20.9 - S.O = 24.2 [seconds] 
p 

Similarly for local area calls 
t 4.9 + 14.4 - S.O = 11.3 [seconds] 
p 

6 

4 

MEAN: 3.7 SECONDS 

2 

o 2 6 

Fig. 8. Post dialling delay - own exchange. 

8 
[seconds] 
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5.5. RINGING TIME 

The ringing time of successful calls is solely dependent on 
the B-subscriber. As stated in the previous section, it 
can only be studied within own exchange, unless ringing 
tone detectors are provided. The 7900 calls of the previ
ous section- have been analysed for ringing time, t r i='S-'5' 
and the results are presented in Fig. 9. The mean value is 
S.O seconds and 75% of the answers come within 10 seconds. 

of, 

6 

4 

MEAN: 8.0 SECONDS 

2 

5 10 25 30 

Fig. 9. Ringing time - own exchange. 

5.6. ESTABLISHING TIME 

The term establishing time is here used for the sum of all 
consecutive non-talking phases, including ringing time if 
applicable. Four categories may be separated: 

prematurely abandoned calls 
calls to busy subscribers 
calls to absent subscribers 
successful calls 

The first of these categories is a mixture of calls aban
doned at several stages, whereas the three rema1n1ng cate
gories are more clearcut. For successful calls the estab
lishing time is given by te 'S' while for unsuccessful 
calls te = '3' 

The results of an analysis of 23 300 successful and 11 000 
unsuccessful local calls and 4 500 successful and 3 600 un
successful trunk calls are shown in Fig. 10. The calls are 
all completely dialled, but the distinction between busy 
and absent subscriber is not possible at present. (A 
slight modification in the exchange had removed the criter
ion on which this distinction was based). 
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For the successful calls the mean establishing times are 
27 seconds for local calls and 47 seconds for trunk calls, 
whereas for unsuccessful calls the corresponding values 
are 40 seconds and 60 seconds. (The mean values have been 
ad justed for uncertainties in some rather long observed 
times with probable errors, especially for unsuccessful 
calls) . 

The peaks are more interesting than the m~an values in 
this case. The curves for local calls and trunk calls 
have single peaks. Comparison with results given in ref. 
[1] shows a decrease for trunk calls of approximately 5 
seconds, indicating an improvement in the trunk network. 
For local calls the curve is practically unchanged. 

Unsuccessful calls have in principle three-peak curves. 
The 1eft-most peak indicates congestion in the network. 
This is only slight for local calls, while it is very 
clear for trunk calls. The middle peak stems mostly from 
calls to busy subscribers, while ,the rightmost and less 
distinct peak primarily is caused by calls to absent sub
scribers. For trunk calls the two subscriber-dependent 
peaks are more or less joined into one, which also 
contains the effect of distant end network congestion. 

5.7. CONVERSATION TIMES 

Conversation times, given ~y t c=T 3-T
8

, depend ~n both sub
scribers involved and are ~nf1uenced by subscr~ber cate
gory, time of day, taxation method, distance etc. Earlier 
results are presented in ref. [1], and further studies 
based on CARAT data are postponed. Here it is only brief
ly mentioned that trunk calls of all categories have aver
ages around 5 minutes, as have residence subscribers even 
for local calls, while PABX and other business subscribers 
have 3 - 3.5 minutes for local calls. 

5.8. CORRELATION BETWEEN TIME PHASES 

The different time phases of a call and their dependence 
on technical system, traffic situation and the subscribers 
involved are discussed in the previous sections. Thus the 
register connection time is system and traffic dependent, 
predia11ing delay is only subscriber dependent, whereas 
r~gister holding times depend on all three. Ringing time 
is the only phase that solely depends on the called sub- ' 
scriber, who also influences the conversation time, though 
pr~bab1y less than the calling subscriber. 

Apart from the study of statistical distributions for each 
single phase it might be of interest to study correlation 
between different phases. One w9uld for instance expect 
positive correlation between interdigital intervals of the 
same call, whereas there is no reason to expect correlat~ 
ion between dialling time and ringing time. 

The following phases are correlated for 9 900 completed 
local calls: 

1. Junctor connection time, (T 2). 
2. Predialling delay, (80)' 
3. Interval between 1. and 2. digit, (81)' 

T2 80 81 82 83 84 

T2 .1,000 0,070 0,010 0,010 ?,015 0,009 

80 0,070 1,000 Q,256 0,233 0,293 0,225 

8
1 

0,010 0,256 1,000 0,640 0,749 0,619 

8
2 

0,010 0,233 0,640 1,000 0,633 0,647 

8
3 

0,015 0,293 0,749 0,633 1,000 0,654 

84 0,009 0,225 0,619 0,647 0,654 1,000 

8 
end 0,076 0,043 0,129 0,122 0,135 0,065 

trh 0,055 0,424 0,151 0,195 6,070 0,225 

t 0,005 0,037 0,123 0,014 0,143 0,059 a 
t 0,005 -0,024 -0,027 -0,023 -0,043 -0,037 c 
T3 0,007 -0,009 0,001 -0,016 -0,012 -0,020 

Table IV. Correlation matrix. 

8 end 

0,076 

0,043 

0,129 

0,lf2 

0,135 

0,065 

1,000 

0,373 

6,019 

0,022 

0,033 
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4. 
5. 
6. 
7. 
8'. 
9. 
10. 
11. 

Interval between 2. and 3. digit, (8 2), 
3. 4. , (8 3), 
4. 5. , (8 4), 

from last digit to register release (8
end

). 
Register holding :ime, (t h=T5-T

4 
~ T

5
-T

2
) 

Interval from reg~ster release to B-answer (ta=T
8

-T
5

) 
Conversation time (t = T -T ) 
Total A-subscriber hgldin~ t~me (T

3
) 

The correlation coefficient P(X
l

,X
2

) is calculated accord
ing to 

where 

Cov(Xl ,X
2

) 

D(X1)·D(X2) 

is the covariance of phases Xl and X2 and 

(8) 

(9) 

D(X
l

) = {E[ (Xl-lll)2_])~ (10) 

is the standard deviation of Xl' The corresponding ex
pression applies to D(X

2
). 

The calculated results for the phases 1-11 are tabulated 
in Table IV. 

There is, of course, a strong correlation between t and 
T

3
, since the former normally is the major part of c the 

latter. Strong correlations are also observed between 

• 
8

1
, 8

2
, 8 ' and 8

4
, which are interdigital intervals. To a 

lesser exient these are correlated with predialling delay • 
(80)' The connection between T2 and 8 d was expected to 
be stronger, since varying congestion ~~ght influence both 
It is mentioned that a corresponding calculation for lo~g 
distance calls shows a correlation coefficient of 0.18 
betwe~n T2 .and 8end , whereas T2 and ta are non-correlated 
even ~n tn~s case. 

The positive correlation between interdigital times (~-84) 
and register holding time (t h) is selfevident, whereas 
their correlation to 8 d ana t are hard to explain. The 
conversation time (t )e~s non-c3rrelated to all set-up 
phases as must be ex~ected. The slight indication of a 
negative correlation of -0,06 between t and t (quick 
answer - long conversation) is probab1y

a
a randgm deviatio~ 

as are the smaller values. 

6. REPEATED CALLS 

Analyses and statistics on call repetitions have been 
presented by several authors. The present authors have 
published some results in ref. [2], based on the METRO 
system. However, many questions are left unanswered stil~ 
With the CARAT project very extensive studies may be done. 
Compared with the METRO system the following advantages 
are offered: 

trh t t T3 a c 

0,055 0,005 0,005 0,007 
0,424 0,037 -0,024 -0,009 

0,151 0,123 -0,027 0,001 

0,195 0,014 -0,023 -0,016 

0,070 0,143 -0,043 -0,012 

0,225 0,059 -0,037 -0,020 

0,373 0,019 0,022 0,033 

1,000 -0,011 -0,017 -0,001 

-0,011 1,000 -0,063 0,143 

-0,017 -0,063 1,000 0,978 

-0,001 0,143 0,978 1,000 

.' 



• 
• 

• 
• 

- a system for experimentation rather than for con
tinuous accounting purposes 

- better time resolution 
- observations at the traffic sources 

observations at the site of all related originating 
registers 

- observation of all calls from the subscribers con
cerned, internal as well as external calls 

A disadvantage is that the PABX-subscribers in the 500-
group have several equivalent lines, among which repetit~ 
ions may fall at random. For this purpose. a PABX line 
group will be considered as one line. 

Our previous definition of repetitions has been limited to 
completely dialled call~. Studies of the heavy traffic 
call process indicated that many repetitions do not even 
obtain dial tone. How to include these will be considered 
more closely, as will also the occurrence of calls to 
other B-numbers between repetitions. Furthermore., 
attempts will be made to study quantitative relationships 
between congestion and repetitions. 

The data available as well as the time for analysis and 
programming are too limited for a comprehensive presenta
tion at this Oongress. The preliminary results indicate 
for the more restrictive definition (completed dialling): 

repetitions constitute 20-25% of all calls, 
increasing with traffic load and more for trunk 
calls than local calls 
mean values of intervals between repetitions 
decrease with order number from about 20 minutes 
for first interval to about 16 minutes for 
third interval. For trunk calls the intervals are 
shorter (13-10 minutes). The time distributions 
show a strong concentration to shorter values, and 
some 75% of ~epetitions fall within 10 minutes from 
last previous attempt 
increasing subscriber persistence function from 50% 
to 80% from first to ninth attempt with somewhat 
higher values for trunk calls. 

The preliminary results assert to a large extent what has 
been obtained from METRO observations [2]. For subscriber 
persistence function, comparison has been done with obser
vations from the USA and France, showing very much the 
same values. 

7. CONCLUSION 

The present study has revealed interesting information on 
th~ traffic variations, the call generation process, sub
phases of connection establishment, as well as call 
repetitions • 

Few definite conclusions may be drawn at present because 
of limited data and analyses. However, the potentials of 
the recording equipment in combination with computer 
analysis for intensified traffic studies have been demon
strated. This applies to general traffic research as well 
as to problems of maintenance and management. The latter 
aspects have not been discussed in this paper. 

The preliminary results obtained provide useful indi
cations for the continued application of the equipment as 
well as the analysis programs. It is our hope that we 
shall be able to present further results on a later 
occasion. 
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