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ABSTRACT 

Since 1958 traffic measurements have been performed in 
Malmoe almost continuously and this paper presents some 
results from the period 1966-1969. In 1966 the route from 
Malmoe to Gothenburg was integrated into the Swedish alter
native routing network for automatic trunk dialling. 

A special measuring equipment was introduced in October 
1967, which permitted the collection of data for direct 
data processing. 

The maximum annual busy hour traffic values A and A 0 ' 
as given by CCITT, have been studied for diff~rent h6urs 
of the day. Also the five highest traffic values for each 
individual weekday are studied. The frequencies of differ
ent traffic values, call intensities and mean holding 
times are shown in diagrams for three different types of 
routes, namely, the automatic international route to 
Copenhagen, a high-usage route and a final route, carry
ing overflow traffic . The non-coincidence of traffic peaks 
in the different parts of the Malmoe-Gothenburg routing 
arrangement has been studied. 

Diagrams illustrate seasonal variations in the total traf
fic and variations in the traffic for each quarter of an 
hour for four consecutive weeks. 
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~ Routing plan of the measured routes 

The alternative routing network treated in this paper 
consists of a set of routes from Malmoe to Copenhagen, 
Gothenburg, Trollhattan, Varberg and Boras. The routing 
is given in figure 1 and an explanation of the route 
numbers is given below. 

Route 
1 Mut - Cit M Malmoe 
2 Mit - Cit C Copenhagen 
3 Mzx - Gzx G Gothenburg 
4 Mtx - Gzx B Boras 
5 Mtx - Gtx V Varberg 
6 Mtx - Gtx T Trollhattan 
7 Mtx - Bzx 
8 Mzx -Bzx ut international exchange 
9 Mtx - Btx it _"- 11 

10 Mtx - Btx bw zx Zone Exchange 
11 Mtx - Vzx tx Transit Exchange 
12 Mzx - Ttx bw both-way circuit 
13 Mtx - Ttx 
14 Mtx - Ttx bw 

SUMMARY OF EARLIER MEASUREMENTS IN MAIMOE 

The long term measurements on the two trunk routes from 
Malmoe to Copenhagen and from Malmoe to Gothenburg were 
originally started in the middle of 1958. The aim of the 
measurements was to provide facts in the shape of stat
istics for studies made by CCITT during the working peri
ods 1957 - 1961 and 1961 - 1964. During these periods the 
question of providing reliable and uniquely def.ined meas
urements of the busy hour traffic values for international 
routes was studied. 

The measurements in Malmoe, together with statistics from 
other Administrations, provided enough facts for CCITT to 
revise its recommendations for measuring the busy hour 
traffic flow and for the calculation of the number of 
circuits in international and intercontinental routes. 
The new recommendations were approved by the Plenary 
Meeting in 1964 . 



The recommendations state that the circuit provision 
should be based on the averages for the 30 and 5 highest 
busy hour traffic flow values observed during the last 12 
months. The studies of such moving averages of peak values 
are followed up in this paper. 

The long term measurements starting in 1958 were carried 
on uninterruptedly to 1965. During this time the route 
Malmoe-Copenhagen had mixed semi-automatic and manual serv
ice, while the Malmoe-Gothenburg route was fully automatic. 
As regards the measurements made, the routes were not di
vided into'several parts as they are now. 

The quantities measured on the two routes were the busy 
hour traffic flow, the number of calls during the busy 
hour and the number of calls per day (a 24-hour period 
starting with the busy hOur). These measurements were car
ried out on every normal working day. 

The time-consistent busy hour was determined by a pilot 
study: during two consecutive weeks more comprehensive 
traffic measurements were made, and the hour which had the 
highest average traffic in these 10 days was chosen as 
busy hour. This means for the route Malmoe-Copenhagen 
9.30-10.30 and for the route Malmoe-Gothenburg 9.30-10.30. 
Some caution may be advice able when compa~ing the measur
ing results presented in this paper with those obtained 
during the earlier time periods. On the route Malmoe
Copenhagen the service changed from mixed semi-automatic 
and manual to fully automatic in April 1967, which may 
have had an influence on the character of the busy hour 
traffic. As regards the route Malmoe-Gothenburg, it is now 
divided into several parts which are measured individually. 
The operation of this route was in 1966 integrated in an 
alternative routing network, which made .it necessary to 
observe more routes to cover the traffic from Malmoe to 
Gothenburg.This makes it difficult to make comparisons 
with earlier ~asurements on the undivided route as it 
seems impossible to establish an exact correspondence bet
ween the undivided route measured earlier and the different 
parts of the route which are now being measured. 

More thorough descriptions of the measurements made in~the 

1958-1905 period have been published in two different 
papers. (See ELIDm, TANGE 1960 and ELIDm, WESTERBERG 
1967.) These papers also contain several tables and dia
grams to illuminate the results obtained. Some of those 
tables and diagrams have their correspondence in the pre
sent paper. It may thus be possible to make some compari
sons over a period of more than 10 years, but it must be 
kept in mind that such comparisons are not fully reliable 
due to the reasons mentioned before. 

MEASUREMENTS m MAIMOE OCTOBER 1967 - DECEMBER 1969 

The measurements silice Oct. 1967 have been carried out 
with a special device ' designed at Telefonaktiebolaget L M 
. Ericsson. It permits an automatic read-out of about 150 

counters to punched tape each 36:th second. Normal meas~ 
urement period has been from 0930 to 1130, meaning 200 
scanning-intervals of the length 36 sec. The punched tape 
is sent to Stockholm and is there treated in a computer. 
The detailed result of each scanning is stored on magnetic 
tape for further studies. For each quarter of an hour and 
for each available series of four consecutive quarters of 
an hour the following characteristics have been calculated: 

carried traffic 

time congestion 

call congestion 

mean holding time 

number of offered calls 

_"- handled calls 

_"- rejected calls 

These results are printed for each of the measured routes 
and are studied both in Stockholm and in Malmoe. They are 
also stored on magnetic tape and it is this tape that has 
been used to provide the data for this paper. 
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DEFINITIONS OF SYMB.or.s U~ED IN THE .rAPER 

A5 mean of the five highest traffic values, all weekdays; 

A30 mean of the thirty highest traffic values, all week- • 
days; 
mean of all traffic values all weekdays; 

the standard deviation of all traffic values regard
less of weekday; 
the total number of observations forming Ay; 
mean of the five highest traffic values on Mondays; 

mean of the five highest traffic values on Tuesdays; 

mean of the five highest traffic values on Wednes
days; 

ATh5 mean of the five highest traffic values on Thursdays; 

~5 mean of the five highest traffic values on Fridays; 

The notations given above refer to the following measuring 
periods: 

66/67 measurements made 15/8 1966 - 26/5 1967 
68 _"- _"- 1/1 1968 31/12 1968 
68/69 _"- _"- 1/7 1968 30/6 1969 

Block 1: The sum of the two routes to Copenhagen (route 

_"-
_"-
_"-
_"-
_"-
_"-
_"-

No. 1 and 2) 
2: = Route 3 
3: = _"- 4 
4: = _"- 5 
5: 
6: 
7:= 
8: 

The sum of the two routes 8 and 12. 
The sum of the routes 7,9,10,11,13 and 14 
Route 6, Last-choice-route 
The sum of the blocks 2,3,4,5,6 and 7 

MAIMOE-COPENHAGEN 

The traffic on the two routes from Malmoe to Copenhagen 
is analysed in Table 1. As mentioned earlier, a change 
from semi-automatic and manual traffic to fully automatic 
traffic took place in April 1967. A decrease is noted in 
the carried traffic from 66/67 to 68. This decrease is 
probably caused by an alteration in the routing of inter
national traffic which indirectly involves the Malmoe
Copenhagen routes. 

The total number of circuits on the two routes increased 
from 57 to 88 in four steps during the period 66/67, and 
from 88 to 98 during the period 68. This number remains 
unaltered during the period 68/69. The number of circuits 
in the routes has':) during the whole observation period 
been sufficient, since no time congestion has been re
corded in the final route (No. 2). 

The mean holding time has been analysed for the periods 
68 and 68/69. The distribution of the busy hour mean 
holding time is shown in fig. 2. This figure also gives 
the histogram for the carried traffic and for the number 
of calls per hour. 

The variations of the traffic during each measured quar
ter of an hour and during four ·consecutive weeks in 
November and December 1968 are shown in ' fig. 6. 

MAIMOE-GOTHENBURG 

!n order to reduce the very large number uf data avail
able in the 12 routes comprising the total alternative 
network between Malmoe and Gothenburg we have limited the 
study of the carried traffic to the total traffic of all 
the twelve routes,~able 2, and the traffic on the last
choice route~~able 3. In the study of the total traffic, 
the period 66/67 is omitted because of a very long break 
in the measurements in the Malmoe Zone Exchange. 

The number of circuits in all the twelve routes in block 
8 has increased from 177 to 231 in several steps in the 
period 68. The number of circuits in the last-choice 
route has increased from 30 to 36. 

Histograms of the mean holding time, the call intensity 
and the traffic are given in fig. 3 for a high usage 
route and in fig. 4 for the last-choice route. 
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The variation of the traffic during each quarter of an 
hour is shown in the fig. 7-11 (corresponding to t he block 
2 -4.. '6 and 7. ,i1ue to the lack of space block 5 is omitted) 
for four weeks in November and December 1968. The total 
of the traffic in the three blocks which have over-flow 
facilities to the last-choice route is shown in figure 
12 for the same period. 

Table 1. The two routes to Copenhagen. (Block 1) 

0930- 0945- 1000- 1015- 1030-
1030 1045 1100 1115 1130 

66/67 A5 51.6 51.9 50 .4 

A30 49.1 47.9 47 .6 

~ 41.0 41.3 41.3 

try 5.5 5.2 5 .0 

R 167 167 16~ 

\'5 49.2 49.8 49 .3 

ATu5 48.4 48.1 47 .7 

~5 49.9 48.1 47.5 

ATh5 46.1 46.8 46.9 

AF5 47.5 47.7 47.3 

68 A5 46.6 45.3 45 . 4 

A30 43.7 43.1 42.9 

~ 35.1 34. 8 35.0 

cry 6.4 6.2 6.4 

R 2'3g 2'34 lqq 

AM5 44.8 44.5 43. 6 

ATu5 45.1 43.6 44 .2 

~5 43.7 43.7 42.8 

ATh5 42 .2 41.1 41.5 

~5 43.5 42.4 42 .6 

68/69 A5 58.2 57.3 56.9 57.2 56 .9 

A30 50 .2 49.7 49 .2 48.8 48 .2 

Ay 36.9 36.5 36.3 36.3 36.2 

d y 8.2 8.1 8.0 8.2 8.0 

N 219 2;:>;:> ;:>17 ,_q8 186 

\'5 54 .7 54.2 53.7 53.5 53.3 
ATu5 51.6 49 .9 48 . 4 47.1 45 .6 

~5 50 .1 50.6 50.1 49.9 48 .8 

ATh5 49 .7 49 .0 48 .2 48 . 4 49 .5 

~5 50.0 48.8 49.5 48.8 47.7 

533/3 

TabLe 2. Total traffic from Malmoe to Gothenburg. Varberg 
Boras and Trollhattan. (Block 8) 

0930- 0945- 1000- 1015- 1030-
1030 1045 1100 1115 1130 

68 A5 143.6 146.6 145.9 

A30 135.3 136.2 137.5 

Ay 117.9 119.2 121 .8 

O' y 13.3 13.1 12.1 
N 18'3 186 148 
AM5 143.0 146.6 145.7 

ATu5 137.2 135.7 137.9 

~5 131.7 131.5 135.4 

~Th5 130.0 131.3 130.4 

AF5 130.5 131.0 131.5 

68/69 ~5 147.3 147.7 149.3 150.2 150 .0 

A30 136 .0 138.9 141.2 141. 1 140.6 

Ay 119 .6 122.0 124 .9 126.9 127. 5 

O'y 14.2 14 .3 12.9 11.3 11.2 
N 1 4~ l,)q 1<)1 n q 121 
AM5 143.0 145. 8 148.4 148.1 149. 2 
ATU5 140.9 142.3 142.7 143.6 1~4.0 

~5 133.5 135.4 138. 4 138.9 136.2 

ATh5 130.8 133.0 133.9 135.3 135.2 

~5 130.1 134 .6 136.1 133.9 132 .3 
- - -. 

Ta~. Last-choice-route Mal moe - Gothenburg.(Block 7) 

0930- 0945- 1000- 1015- 1030-
1030 1045 1100 1115 1130 

66/67 A5 23.7 23.6 23.1 

A30 19 . 8 19.9 - 19.7 

Ay 11.2 11.4 11.4 

ay 5 .6 5.6 5.5 
N 16') 168 '66 
AM5 22.4 22.3 22 .2 

ATU5 19.2 20 .1 20 .2 

~5 19.8 19.1 19 .2 

~Th5 , 19 .1 18.4 17.3 

~5 18.6 19.1 18 .6 

68 A5 21.0 22 . 4 20 .7 

~30 16.3 16 .3 16.4 

Ay 7 .9 8 .2 8.7 
a 4.6 4.5 4.6 y 
R 21q 2n 178 
AM5 18.3 19.8 20.1 

~TU5 17·7 17. 4 17.5 

\i5 16.5 15.9 16.1 

ATh5 15 .5 15 .4 15. 4 

~5 12.9 12.3 12.1 

Ee/69 A5 21.::> 22 .2 22 .3 22.7 23 .2 

A30 17 .0 17 .3 17 . 8 18 .1 17.8 

Ay 8 .1 8 .5 9 ·1 9 .5 9 ·5 
a 4.8 4.8 4.9 4.9 5 .0 y 
N 204 201 1q6 184 172 

~M5 19 .3 20 .6 21.2 21.6 22 .3 

ATu5 19.3 20 .1 19 .3 18.5 17.4 

~W5 18.0 17 .7 18 .0 19.6 18 .9 

ATh5 13 .6 15 .1 15 .9 15.1 13 ·9 

AF <) 13 .8 14 . 5 14 .2 12. 8 12 .0 



CARRIED TRAFFIC, CALL INTENSITY AND MEAN HOIDING TIME 

The figures below give the histograms for the carried 
traffic (erl), the call intensity (calls/h) and the busy 
hour mean holding time (s) during the periods 68 and 
68/69 for the three blocks 1, 4 and 7. The first is an 
international route, the second a high usage route and 
the third is the last choice route. 
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THE BUSIEST HOUR 

,The busiest hour each day was estimated as the four con
secutive quarters of an hour giving the highest traffic 
during the ' measured period of time. For the year 68/69 
these values have been analysed. Tables 4 and 5 show how 
~he ,a'highest busiest hour traffics are distributed as 
negards time of the day an~ day of the week. 

Table 4. Observed busiest hours on block 7 (last choice 
,--- route) 

0930- 0945- 1000- 1015- 1030- Sum 
1030 1045 1100 1115 1130 

M 2 2 3 3 4 14 
Tu 2 2 1 2 7 
w 1 1 3 1 6 
Th 1 1 2 
F 1 1 

Sum 6 5 6 6 7 30 

Mean traffic 5 busiest hours: 24.2 erl. 
_"- • _"- 30 11 11 19.5 erl. 

Table 5. Observed busiest hburs on block 8 (total traffic) 

M 
Tu 
w 
Th 
F 

Sum 

150 
erl 

100 

50 

~50 
erl 

100 

50 

0930- 0945- 1000- 1015- 1030- Sum 
1030 1045 1100 1115 1130 

5 7 12 
1 1 3 3 8 
1 2 3 6 

2 1 3 
1 1 

2 2 9 6 11 30 

Mean traffic 5 busiest hours: 151.6 er1. 
_"- _"- 30 11 _"- 143.4 erl 

M/V ' ri~\"\ ~'i~ A1 \ \- \ .IA "'\ \ , 
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Oct. Nov~ Dec. Jan. Feb. 
1967 
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Au g. Se t. p Oct. Nov Dec. 
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SEASONAL VARIATIONS 

The variations in the total traffic (block 8) for each 
busy hour all measured days from 16/10 1967 to 22/5 1969 
are shown in fig. 5. Normally each week is represented 
by5 observations which' are connected by straight lines. 
For weeks including extra holidays or other abruptions in 
the observations, the measured values are represented 
either by dots for single days or by lines c~mbining 2, 
3 or 4 consecutive days. 

Specially high traffic have been observed in the spring, 
(April, May'and in the autumn , (September, Octobe~, 
November) • 

A rather marked decrease in traffic can be seen during 
the summer and especially in the holiday month July. 
Special recordings were taken during Christmas day and 
Boxing day 1968. ,Very low values were obtained. 

~ Variations in the total traffic (block 8) from 
(below) October 1967 to May 1969. The busy hour (0930-
- 1030) traffic va~ues for each measured day have been 
used. 

, 
~ 

\ \ \ ~ \ \~\ \~,-( '\ ./ \ I 

\ 
,. 

\'- . 

March April May June July 
1968 

. 

\\\.-~ 
L \ \ 

. \"~ \"' ~ \ '1--\ 
\ .. .... . , . 

I , 

Jah ' Feb. March A ril p Ma y 



VARIATIONS IN THE TRAFFIC EACH QUARTER OF AN HOUR 

The figures below (fig.6-12) show the variation of the 
traffic for each quarter of an hour during four consecu
tive weeks from 25/11 1968 to 20/12 1968 for the different 
blocks. The measurements normally give values from eight 
consecutive quarters of an hour each day and these obser
vations are connected by straight lines. 

Each measured day represents observat~ons from 0930 to 
1130. 

The diagrams permit a comparison between the traffic in 
the different blocks. One. can for instance notice that 
peak quarter of an hour is not necessarily the s~ for 
all the blocks the same day. 
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Fig. 11. Traffic in ~!~~~_I (same period as in fig. 6) 
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NONCOINCIDENCE OF PEAK 'mAFFIC VALUES 

If, in a set of routes, the value of K: (A ) is calcu
lated for each individual route, the sdm ofOthose values 
for the different routes will in general be higher than 
the value of A~(A~) based on the total traffic in the set 
of routes. ThiS errect, which is due to the fact that the 
peak traffic values do not occur in the same days and in 
the same hours for the different routes, may have an in
fluence on the dimensioning of, for - ~ample, alternative 
routing networks. Table 6 shows the , traffic values men
tioned above for the set of routes Malmoe - Gothenburg. 

Table 6. Compar~son of peak traffic values. 

68 68/69 
0930- 0930- 1030-
1030 1030 1130 

A5 
cL 143.6 147.3 150.0 

() 164.6 160.4 165.1 

()I.I~ 0.87 0.92 0.91 

A30 
cL 135.3 136.0 140.6 

~ 150.1 143.8 146.4 

oJ./~ 0.90 0.95 0.96 

rL mean value of the 5 (30) highest values for the total 
traffic (block 8). 

~ sum of the mean values for the 5(39)highest values for 
each individual route which together constitute the total 
traffic (i.e. A5 (A

30
) for each of block 2-7). 

FURl'HER STUDIES 

We have in this paper prese~ted some of the results that 
might be obtained from the measurements made in Malmoe. 
There is, however, much more that needs to be studied, 
for example: 

1. the stability of seasonal variations from year to year; 

2. the variation of the busiest hour for different routes; 

3. the observed state distributions in different types of 
routes; 

4. the variations in mean holding times and call intensi
~ies for different periods such as seasons, weekdays 
and time of the day; 

533/7 

5. the noncoincidence of traffic peaks and its effect on 
the dimensioning of alternative routing network. 

The studies of the above mentioned subjects are continuing 
at L M Ericsson. Some results of these studies are planned 
to be published at a later time. 
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