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ABSTRACT 

This paper presents a study on changes in 
some traffical parameters due to bringing tim: 
dependent tariffs into use in Sweden. Nationwlde 
measurements referring to both traffic and calls 
have been executed during a period of two years 
before and two years after the change-over. 

From these measurements a lot of measuring 
parameters have been formed and analysed 
according to changes in their values. As the 
measurements compr i ses a str ingent limited time 
period, changes caused only by the change-over 
could be detected. 

Our conclusions are that the daily traffic 
profile which already -earlier was rather even 
has been further smoothed out a little and that 
this depends on move of calls between time 
tariffs more than changes in holding times. 
Differences in parameter values follow the 
expected directions but their sizes have been 
more difficult to predict in several cases. 

MOTIVES FOR REORGANIZATION OF THE TARIFF SYSTEM 

Earlier Sweden has had telephone tariffs 
basei only on distance but in January 1983 a new 
tariff system was adopted, where the interval 
between the meter pulses also depends upon the 
time in the day when the call is made. The main 
motives for the reorganization were: 

An attempt to smoothe down the differences 
in the traffic intensity during both the 
daily hours and days of the week and in 
that case investments wi ll be postponed to 
a later time owing to a more efficient use 
of the available traffic capacity. 
An attempt to improve the relationship 
between the tariffs and the real costs for 
different types of traffic. 

THE TARIFF SYSTEM 

Before the change-over the tariff sys t em 
consisted of nine tariff classes fo r national 
automatical traffic. Connected with the change
over the three lowest classes were replaced by a 
new one. The other classes kept their puls
intervals without changes during 1200-1800 
monday-friday (normal tariff), were shortened 
about 25 % during 0800-1200 monday-friday (high 
tariff) and were lengthened about 33 % during 
1800-0800 monday-friday and all weekend (low 
tariff). The number of classes were reduced from 
nine to seven but were simultaneously 

differentiated so that a total number of 18 
tariff intervals are in use. (In some cases 
a low tariff interval in a higher class 
coincides with a high tariff interval in a lower 
cl ass). 

MEASURING PLAN 

Before the change-over nationwide traffic 
measurements were done in order to study the 
traffic behaviour as well as the call distribu
tions. Initially measurements were done at some 
100 exchanges in the size of 200-40000 
subscriber lines. Later on the number of 
exchanges have been reduced to about 60, 
depending on the high claims for accuracy and 
completeness in the results. Every selected 
exchange have been measured twice a year 
(spring/autumn) and the measurement time 
comprises 14 days between 0600-2400 every day. 
These measurements started in spring 1981 and 
therefore at most comprise 8 measured weeks per 
exchange. 

After the change-over corresponding 
measurements have been done in the same 
exchanges and a complete result would also 
consist of 8 weeks. Because the measurements 
had continued under the same conditions after 
the Change-over, the results are directly 
comparable. The measurements have now been 
finished (autumn 1984) but will eventually be 
resumed in the future as a tool to study the 
effects of coming change-overs. 

MEASUREMENT EOUIPMENTS 

Traffic measurements have been executed 
using two different types of equipment, TMSOO 
and TM-T1/T2. TM800 is an equipment fixed 
connected in an exchange and has a capacity of 
max 24000 dev~ces (800 groups of 30 devices). 
TM-T1/T2 is a transportable equipment with a 
capacity of max 9600 devices (320 groups of 30 
devices). The traffic values have been collected 
every hour by a central computer which called up 
the equipments using switched lines and asked 
for transmission of the stored data. 

The registration of the calls have been 
done by an equipment (TAL-F) with a capacity of 
16 inlets. Each inlet consists of 4 wires which 
will give a possibility to record the starting 
time, holding time, dialled number, conversation 
time and number of meter pulses. The result 
outputs are done on 3M-cartridges. 
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MEASURING POINTS 

In order to obtain the totally generated 
traffic in an exchange, traffic measurements 
have been done on all the subscriber stages. 
TAL-F has been connected to 16 of the most used 
outgoing lines from the stages. This means that 
the recording of calls is a sample of the total 
traffic distribution. (Fig. 1) 

RESULT PROCESSING 

At the end of each measurement period the 
data are processed in 4 steps. 

Step 1 handles the recorded data from TAL-F 
and analyses the dialled number using a data 
file containing all destination codes in use for 
the exchange in order to supply each call with a 
correct tariff. A summary per hour is done 
regarding the number of call attempts, total 
holding time, number of conversations, total 
conversation time and number of meter pulses per 
tari ff. 

Step 2 handles the traffic values from 
TM800 and TM-T1/T2. If more than one equipment 
are used a summary of their values are made. 

Step 3 calculates a coefficient per hour 
based on the relation between measured traffic 
(TM800 and TM-T1/T2) and its corresponding value 
from TAL-F. This coefficients are used to trans
form the data resulting from step 1 to comprise 
the whole exchange. Certain limitation in this 
transforming have been done in order to achieve 
greatest possible accuracy in the results. 

Step 4 forms the final surmnary. Traffic 
profiles, -volumes and matrices of tariffs are 
calculated per time and distance tariffs. One of 
the distance tariffs contains international, 
service and unidentified traffic and is not used 
in the analysis. A flowing chart over the result 
processing is shown in fig. 2. 

Figure 1 

Fi gure 2 

CRITERIA FOR ANALYSING 

The results, which are to participate in 
the analysis, must consist of almost perfect 
measured weeks from each exchange. An almost 
perfect measured week is defined as a week which 
has not lost more than 3 hours during high 
tariff time or in total 8 hours. In order not to 
effect volume values lost hours have been given 
as probable values as possible. Furthermore to 
satisfy the criteria mentioned above each 
exchange must supply two or more accepted weeks 
both before and after the change-over to 
participate in the analysis. These criteria are 
reducing the available exchanges to a number of 
38. 

These 38 exchanges represent in total 
159100 subscriber lines in year 1981/-82 and 
164500 in year 1983/-84. 

In order to form comparable results from 
exchanges of different sizes ; a normalization 
must be done. Therefore we have chosen to trans
form the result to be based on 1000 subscriber 
lines. This is applicated on all volumes and 
traffic values for each exchange. 

In this way the increase (3.4 %) in number 
of subscriber lines, between the years mentioned 
above and representing the time before and after 
the change-over, does not effect the comparison 
between the cor r.espond i ng values. 

To show the size of the sample we can 
mention that the total number of subscriber 
lines are just above 5 millions (1984). 

PARAMETERS USED IN THE ANALYSIS 

From the weekly results the following 
primary measurement parameters are formed: 

Mean value of traffic per hour, working-day 
and weekend respectively 
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Number of call attempts per time tariff 
Number of conversations per time tariff 
Total holding time per time tariff 
Total conversation time per time tariff 
Number of meter pulses per time tariff. 
For each of the selected exchanges the 

parameter values are accumulated in groups 
according to the measurement period 
(before/after change-over). By doing this each 
exchange will get a mean value for every 
parameter, both before and after, and we have 
got a base for simple comparisons. 

From the primary parameters the following 
secondary parameters are formed: 

Traffic volume per time tariff 
Total traffic volume 
Busy hour traffic (TCBH) 
Busy hour traffic as part of daily volume 
Traffic level related to TCBH-value per 

• hour, working-day and weekend respectively 
Traffic flow and -level sorted and 
accumulated .per hour, working-day and 
weekend respectively 
Parts of call attempts per time tariff 
Mean holding time per time tariff 
Mean conver·sati on time per time tar Hf 
Mean number of pulses/call per time tariff 
Answer ratio per time tariff 
Efficiency ratio per time tariff. 
Besides weighted total values are formed 

for the time tariff dependent parameters. 

METHODS OF ANALYSIS 

At the analysis of the changes caused by 
the change-over very simple methods have been 
used. From the result from each exchange, every 
parameter form a difference 

di = ai - bi 

where a and b are the parameter values after and 
before the change-over respectively. Taking the 
same parameter differences from all the 
exchanges, the mean value and standard 
deviation 

n • 

where n is the number of exchanges, are 
calculated. 

In order to confirm if significant changes 
have occurred we have used a singlesided t-test 
with the expression 

where a: is the significance level chosen to 
10 ~, and f is the number of degrees of freedom, 
n - 1, in the t-distribution. 

The absolute mean values for each parameter 
are also calculated 

n 
a = i~lai/n 
-
b = a - m 

By doing this we have created a way to 
express also relative changes both for mean 
values and for significant changes, sized at 2 ~ 

-and 5 ~. 

TRAFFICAL ANALYSIS 
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Busy hour traffic 
The busy hour is defined by TCBH for every 
exchange, both before and after. The 
traffic value belongs to the busy .hour even 
if the latter has been moved. 
A slight decrease, even though not 
significant, is shown in table 1. 
Daily traffic profile 
Related to every pOint of time, wOrking-day 
and weekend respectively, traffic values 
are shown. 
Even after the change-over, the most heavy 
traffic hours remain in the mornings of the ~ 
working-day as can be seen in figure 3. 
However it shall be noticed that the 
profile has been smoothed out and that the 
differences in a very conspicuous way 
follows the time tariff intervals of the 
working-day, as can be seen in the lower 
part of the figure. 
Figure 4 shows that weekend-traffic has 
increased throughout the whole day. 
However, the traffic volume of the weekend 
has not reached the same level as the 
work i ng-day. 
Of the hours surrounding the tariff changes 
an obvious change can be seen in two cases, 
partly a decrease during the first hour in 
high tariff and partly an increase during 
the first hour in low tariff. Otherwise 
traffic values are not affected. 
(Fi gure 3) 
Traffic volumes per time tariff 
The volumes are measured in erlang hours 
per week. Low tariff refers to both 
working-day and weekend. 
From table 1 an observable decrease in high 
tariff volume can be seen. The increase in 
low tariff volume, significant + 5 ~, more 
~han compensate for the loss described 
above. Normal tariff volume has not been 
affected at all. 
Total traffic volume 
The volume is measured in erlang hours per 
week. 
A slight increase, however not significant, 
is shown in table 1. 
Busy hour traffic as part of daily volume 
The ratio is made of the busy hour traffic 
part of the traffic volume in an average 
working-day. 
From table 1 a significant, - 2 ~, lower 
ratio can be seen. This means an improved 
use of the traffic capacity. 
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I 

Tariff mean bl mean al diff sig 

Busy hour traffic (TCBH) 
24.981 24.191 -0.791 0.9691 

Traffic volumes per time tariff 
High I 434.31 413.71 -20.61 
Normal 580.6 581.3 +0.7 
Low 745.9 804.7 +58.9 

Total traffic vol ume 

0.9531 -2% 
1.001 
1.079 +5% 

1760.71 1799.71 +39.01 1.0221 

I Busy hour 

Table 1 All the 38 exchanges 

Sorted and accumulated traffic level 
For every exchange the hourly traffic 
values have been sorted in decreasing size, 
working-day and weekend respectively, and 
rel ated to the busy hour traffic. 
By sequently adding the sorted values each 
succeeding hour will get an accumulated 
val ue showi ng the number of busy hour 
volumes up to that number of hours. This 
will be a measure for the evenness 
of the daily profi 1 e. 
The values described above are illustrated 
in figures 5 and 6 for working-day and 
weekend. For the working-day the difference 
is significant, + 2 %, from 8 hours and 
upwards and for weekends, + 5 %, throughout 
all val ues. 

CALL ANALYSIS 

Number of call attempts (table 2) 
The values refer to the number of call 
attempts per subscriber line and week and 
show a slight increase in total, 
significant + 2 %, during low tariff. 
Number of conversations (table 2) 
The values refer to the number of conversa
tions per subscriber line and week and show 
significant, + 2 %, increases during both 
low tariff and totally. 
Parts of call attempt volume (table 2) 
The values refer to parts belonging to 
corresponding time tariffs and related to 
the total volume. A significant movement, 
- 2 % and + 2 %, of the values from high 
tariff towards low tariff can be seen. 

Mean holding time (table 3) 
The values are given in seconds per call 
and show a negligible decrease. 
Mean conversation time (table 3) 
The values are given in seconds per 
conversation and show a small decrease, 
however significant, - 2 %, during high 
tariff. Some increase for nonlocal 
conversations during low tariff occurs. 

Tariff Quot~ 
Number of call attempts 
High 7.87 7.71 -0.16 0.979 
Normal 11.41 11.66 +0.25 1.022 
Low 12.11 12.96 +0.85 1.070 +2% 
Total 31.39 32.33 +0.94 1.030 

Number of conversations 
High 5.06 5.07 +0.01 1.001 
Normal 7.10 7.31 +0.21 1.030 
Low 7.40 7.90 +0.50 1.067 +2% 
Total 19.57 20.28 +0.72 1.037 +2% 

Parts of call attempt volume 
High 0.2~1 0.238 -0.013 0.950 -2% 
Normal 0.363 0.360 -0.003 0.991 
Low 0.386 0.402 +0.01._6--L-_1_.0_4_1-L-+._2_%-J 

Table 2 All the 38 exchanges 

Number of meter pulses per conversation 
(table 3) 
The values are given in number of pulses. 
Of course the change-over has caused great 
changes in the number of meter pulses 
during high and low tariff respectively. 
Because the local conversations form the 
greater part (75 %) of the total, the 
values differ less than the corresponding 
changes in time intervals. 
The total decrease is significant, - 2 %. 

Tariffl mean bl mean al di ffl quotaJ sig 

Mean holding time 
High 194.1 188.0 -6.1 0.969 -
Normal 179.1 175.4 -3.7 0.979 -
Low 218.5 219.9 +1.4 1.006 -
Total 197.9 196.1 -1.8 0.991 -

,Mean conversation time 
High 252.7 239.7 -13.0 0.949 -2% 

!Normal 235.6 230.6 -5.0 0.979 -
Low 304.9 309.2 +4.3 1.014 -

ITotal 265.9 263.2 -2.7 0.990 -
Number of pulses per conversation 
High 4.46 4.99 +0.53 1.118 +5% 
Normal 4.08 3.98 -0.10 0.975 -
Low 4.71 3.86 -0.85 0.819 -5% 
Total 4.42 4.19 -0.23 0.948 -2% 

Table 3 All the 38 exchanges 

Answer ratio (table 4) 
The values show the number of conversations 
divided by the number of call attempts and 
no visible changes can be seen. 
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Efficiency ratio (table 4) 
The values show the total conversation time 
divided by the total holding time. These 
values too are unaffected by the change
over. 
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Tari ffl mean bl mean al diffl quota I sig 

Answer ratio 

High l 0.643 0.657 +0.014 1.022 -
Normal 0.623 0.628 +0.005 1.008 -
Low 0.612 0.611 "-0.001 0.998 -
Total 0.624 0.628 +0.004 1.007 -
Efficiency ratio 
High 0.835 0.836 +0.001 1.002 -
Normal 0.818 0.824 +0.006 1.008 -
Low 0.852 0.858 +0.006 1.007 -
Total 0.837 0.842 +0.006 1.007 -

Table 4 All the 38 exchanges 

DISTANCE TARIFFS 

As we earlier mentioned the Swedish tariff 
system in respect to distances has not been 
changed mutually, except for local calls. These 
were before the change-over charged for one 
meter pu1s independent of duration of the call, 
but have now a pulse interval of 6 minutes (high 
and normal tariff) or 12 minutes (low tariff). 
Since this change is less important from an 
economic point of view, though most discussed in 
mass-media, the presented results up to now 
refer to differences and values wholly based on 
time tar iffs. " 

However we have analysed the call para
meters a1so "in respect to three distance classes 
and would mention a few of these results. The 
results for number of call attempts have changed 
slightly and show small increases for all the 
three classes, but in "parts of volume there is a 
small move, 0.6 %, from the class of local calls 
to the longer distance classes. Also the number 
of conversations have increased slightly in all 
the classes. 

The mean conversation times are unaffected 
on the whole with a decrease for local calls 
with 1.5 % as the greatest relative change all 
over the distance classes. On the other hand 
there are great differences in the absolute mean 
values and these differences tend to increase. 
This depends on that already before the change
over the local calls during "high tariff" were 
the shortest calls and the long distance calls 
during "1ON tariff" had the longest duration. 
The mean values now vary from 225 seconds for 
the former to 470 seconds for the latter. 
Obviously this confirms earlier observations 
that the duration of calls increases with the 
distance. 

Number of meter pulses per conversation 
ShON decreasing mean values, except for local 
calls, in consequence to partly greater lowering 
in low tariff than raising in high tariff and 
partly certain move of calls from high to low 
tariff. The average local call costs during high 
tariff 1.24 meter pulses and during low tariff 
1.10 meter pu~ses. 

EXCHANGES WITH DIFFERENT TRAFFICAL BEHAVIOUR 

Already before the change-over there were 
quite a number of exchanges that had their most 
busy hours in the afternoon and in the evening. 
They are found in suburbs, decided domestic 
areas and small villages. Out of traffifal view 
it is naturally not desirable that these 

exchanges move a gr"eat part of thei r total 
tr affic vo1 ume to lON tariff time. 

In order to analyse this category we have 
out of our sample chosen the exchanges that 
before the Change-over had the greatest parts of 
their traffic vo1 umes during "1 ON tar iff". By 
setting a limit for that parameter to 43 % we 
got for analysis a selection of 16 exchanges 
that may represent this category. As can be seen 
from figure 7 they are not decided "1ON tariff 
exchanges" since also for this group the 
resulting busy hour occurs in the morning. 

Table 5 shows the same parameters as 
table 1 for the whole sample and figures 7 and 8 
correspond to figures 3 and 4 respectively. The 
traffical changes seem to be rather similar to 
them presented above and most important the 
volume during lON tariff ShON less increase than 
above. 

Tariffl mean bl mean a l diff l quota / sig 

Busy hour traffic (TCBH) 
24.081 23.331 -0.751 0.9691 

Traffic volumes per time tariff 
High 1 413.61 388.71 -24.91 
Normal 561.6 556.3 -5.3 
Low 803.9 847.7 +43.8 

Total traffic vo1 ume 

0.9401 ~2% 
0.991 
1.055 , +2% 

1779.01 1792.71 +13.6/ 1.0081 

Busy hour traffic as part
j 

of daily volume 
0.08561 0.0831 -0.0025/ 0.971/ 

Table 5 The 16 "1ON tariff" exchanges 

" CONCLUSIONS 

The traffical analysis shows a desired move 
of traffic volume from high to low tariff time. 
Though the changes are limited we can notice 
that a decrease in busy hour traffic occurs 
simultaneous with a slight increase in total 
traffic volume. Of course the changes mentioned 
above form a favourable combination leading to a 
more efficient use of the traffica1 capacity. 
However we ought to be aware of that an even 
traffic profile consisting of mean values during 
a week conceals day to day variations. Since 
these individual variations are much greater in 
the evening hours than in the morning, a mean 
value profile with the busy hour in the morning 
is preferable. 

The call analysis shows some increase in 
the number of conversations, especially during 
low tadff time. On the other hand the mean 
conversation time has decreased slightly. 
Certainly the trend of the conversation times is 
as could be expected between the time tariffs 
mutually, but the increase during low tariff 
time is perhaps less than expected. An explana
tion to that is that the subscribers have not in 
any further extension used the opportunity to 
lengthen their calls. It could be that they even 
before the cost reduction regarded the charges 
for the conversations as not too expensive. 
International comparisons also shows that Sweden 
has low telephone costs and that this fact can 
explain the minor changes in the conversation 
times. 
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