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ABSTRACT 

With a minicomputer equipment, jointly owned by 
the Swedish Telecommunications Administration 
and the L M Ericsson Telephone company, exten
sive measurements have been carried out on 
individual subscriber lines. 

This paper aims at describing the fundamental 
parameters for traffic, calls and holding time~ 
and their interaction. Some traffic profiles are 
given and the paper gives a description of how 
unsuccessful call attempts are repeated in 
telex traffic. Attention is also drawn to the 
fact that during a busy hour only about 20-30 % 
of residential telephone subscribers are 
active. 

1. INTRODUCTION 

Minicomputers which are easily transportable 
and have a large data processing capacity have 
become a highly useful tool for the analysis 
of real time phenomena. A measurement equipment 
designed to meet requirements for adaptability 
to various telecommunications systems would 
serve the purpose: 

Provide data for testing traffic models 
which, if modifications are found necessa
ry, give a basis for proposing new and 
more realistic models 

The Swedish Telecommunications Administration 
and the L M Ericsson Telephone Company take 
advantage, in a close collaboration, of a 
high-capacity traffic measurement equipment 
built-up around a minicomputer (1). 

Several different types of measurements have 
been performed with this equipment. In this 
paper results from measurements at the Stock
holm telex exchange and at the local telephone 
exchanges of Vasterhaninge, Sweden, and 
Gonesse, France, are discussed. Emphasis is 
laid on describing the fundamental traffic 
parameters for individual subscriber lines. 

2. SCOPE OF THE MEASUREMENTS 

2.1 Telex 

In the Swedish telex system there are four 
main traffic paths for outgoing calls, viz. 
for: 

!Tea · 

national calls 

international calls via manual service 
centre ("01" calls) 

international calls in fully automatic 
service for which subscriber demands call 
charging data to be tape recorded ("02" 
calls) 

international calls in fully automatic 
service for which charging is based on 
ordinary call metering ("03" calls) 

At the telex exchange in Stockholm a few series 
of measurements have been made with the aid of 
the above mentioned equipment. A certain number 
of signals are detectable as "on/off" functions 
in the relay set of the individual subscriber 
line. In a complete measurement the following 
signals are detected: 

call attempt from subscriber (national, 01, 
02, 03) 

for international outgoing calls, one of 
three alternative route order numbers 
(01, 02, 03) 

called subscriber number (B-address) 
(national, 02, 03) 

service signal returned, in case the call 
attempt is unsuccessful (02, 03) 

start and end of outgoing message 
(national, 02, 03) 

start and end of incoming message 

This means that for outgoing calls a fairly 
precise information can be obtained about the 
outcome of the call, whereas those incoming 
calls which are recorded at the subscriber 
relay set are always successful i.e. lead to 
the reception of message. Here results will 
be reported from two different measurement 

. ~rojects: 

Telex 1: 
a 15 consecutive work day measurement 
series on 169 single line subscribers, 
October-November 1973 (2) 

Telex 2: 
a 15 consecutive work day measurement 
series on, in total, 61 lines of two 
subscribers (each one having about half of 
this number of lines), October-November 
1975 

2.2 Telephony 

The measurement points were connected to the 
subscriber stage in such a way that it was 
possible to detect the whole time the sub
scriber was connected to any part of the ex
change, and to decide whether it was an out
going or incoming call. Special measurement 
points made it also possible to detect in
coming calls -to all already engaged subscriber. 

In these measurements it was not possible to 
detect the dialled digits (in the case of an 
outgoing call). Nor was it possible to detect 
the number of the A-subscriber in the case of 
an incoming call. 

The different subscriber categories connected 
to the exchanges are shown in table 1 below. 
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No 

1 
2 
3 
4 
5 

Category 

Ordinary subscriber 
PBX-lines 
Coinboxes 
Service lines 
Not connected 
Total 

Number of subscribers 
Vasterhaninge Gonesse 

769 
o 
o 

10 
221 

1000 

1033 
77 
18 
12 
60 

rno 

Table 1 Subscriber Categories 

The Gonesse measurements were carried out 
during two periods, 1974-10-12--28 and 
1974~11-18--22. The measurements were inter
rupted once or twice every day in order to 
change magnetic tape and to check the received 
data. 

The Vasterhaninge measurements were also 
carried out in two periods, but the first one 
in September 1974 is regarded as a pilot 
measurement and the results are not treated in 
this paper. The second measurement period 
covered the time 1975-02-25--04-08. 

3. DEFINITIONS 

The measurement principle is to detect the 
starting point and the finishing point of a cal~ 
and to derive from that information the holding 
time and the contribution to the carried 
traffic. The material is divided into periods 
of certain lengths, for example l5-minute
p~riods or l-hour-periods. 

Call arrivals are always located to that period 
In-which-they are detected. Ir~fii£ (in erlang) 
during a period is derived from the sum of all 
the holding times of the lines within that 
period regardless of whether· the call has 
started in a previous period or ends in a 
coming period. ~ean_hol~ing_time is estimated by 
dividing the trafIic oy tne numoer of calls 
during the period. 

The time consistent busy hour can either be 
determIned-as a call~busy nour or as a traffic 
(erlang) busy hour. In this paper it is for 
the telex measurements determined as that con
tinuous 60-minute-period which during the extent 
of the measurements has the highest total 
carried traffic, while for the telephone mea
surements it is the same period but with the 
highest total number of calls. 

The f;llowing notations will be used. 

k = 

N 
n = 

y 

a 
h 
s 
t 
T 

process type characteristic, where 
k = I for outgoing calls 
k = 2 for incoming calls 
k = 3 for outgoing plus incoming calls 
total number of subscriber lines 
individual subscriber line number 
(l<n<N) 
call-frequency per subscriber line in a 
measurement period (call intensity) 
traffic per subscriber line 
mean holding time 
standard deviation (+) 
busy hour number (one per day) 
total number of busy hours 

The above mentioned variables will be used in 
a few functions, i.e. 

y(k,n,t) = call intensity for process type k, 
subscriber line number n and busy 
hour t 

y(k,n) T-lE y(k,n,t) = 
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t 
mean call intensity during busy hours 
for process type k and subscriber line 
number n 

y(k) 

s(y,k) 

y(k,m) 

N-IE y(k,n) = 
n 

mean call intensity during busy hours 
and for all subscriber lines for process 
type k 

standard deviation of call intensity 
for process type k 

max y(k,n), wh~re l<n<N 

4. GENERAL RESULTS 

Measurements of this type gather a very large 
amount of information. To begin with, one 
normally tries to look at the detailed process 
to grasp what really is happening with the 
individual subscriber and then one tries to 
get an idea of the overall process in order to 
determine busy hours and profiles. 

4.1 Individual subscriber observations 

Figure 1 gives a picture of how calls are 
coming to and from an individual telex sub
scriber during a time interval of 20 minutes. 
In this measurement it was not possible to 
detect call attempts to the subscriber when he 
is engaged. In figure 2 the same process is 
shown for a telephone subscriber and there the 
calls coming to him while he is engaged are 
also indicated. The time accuracy is in the 
range of 10-200 milliseconds, depending upon 
the type of measurement. 

mtm· If'llIl4V(21~f?ZZl! I 

3 

I inc . 
•• I J$~JA'j~ outg. 

1530 1550 

1= type "01" call ; 2,. t ype "02" call ; 3= type "03" ...:all 

! 
~P?43 

!llJl11! l 
tp?2;2/42/.q%'7t'(Z2(/"//W??(1 inc. 
. '--' outg. 

1035 1135 + = incoming call to busy subscriber 

Fig. 1 (above) Outgoing and incoming calls, one 
telex subscriber (75-10-21, 15.30-15.50) 
Fig. 2 (below) Outgoing and incoming calls, one 
telephone subscriber (74-11-21, 10.35-11.35) 

4.2 Profiles 

The profiles for holding times and call inten
sities for outgoing telex calls are shown in 
figure 3. The very high number of calls in the 
afternoon combined with the fact that the mean 
holding time is dropping during the same period 
is explained by the high congestion in the 
international telex network, causing repeat 
attempts with short holding times. Figure 4 
gives the profile of the outgoing telex 
traffic. This is a combination of the two 
profiles in figure 3. 

For .the incoming calls the same type of pro
files are given in figures 5 and 6. The in
coming telex call is by definition always 
successful - leads to a message - and thus no 
variations due to repeat attempts can be de
tected in these profiles. 
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Fig. 3 (top) - Fig. 6 (bottom) 

4.3 Busy hours 

The time consistent busy hours were: 

telex 1 
telex 2 
Vl1sterhaninge 
Gonesse 
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15.00-16.00 (traffic) 
15.30-16.30 " 
09.15-10.15 (call) 
10.15-11.15 " 
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5 CALL PROCESSES 

5.1 Telex subscriber call frequencies 

We consider here busy hour call frequencies for 
individual teleprinters, and distinguish between 

' outgoing calls (call attempts) and incoming 
. calls (messages). With notations as in section 

3 and the additions 

v(y,k)=s(y,k)/y(k) 

m(y,k)=y(k,m)/y(k) 

our results are condensed in table 2 below 

Series Outgoing calls 
y(l) v(y,l) m(y,l) 

telex 1 3.31 1.10 5 
: telex 2 9.12 0.66 6 

. Series Incoming calls 
y(2) v(y,2) m(y,2) 

telex 1 0.84 1.10 6 
telex 2 1. 89 1.61 8 

Table 2 Call frequencies per busy hour 

It seems meaningful (cf section 7) to study the 
relationship between s(y,k,n)/y(k,n) and 
a(k,n)/a(k), the former variable considered as 
dependent on the latter. As an example we have 
plotted in figure 7 , with the dependent 
variable on a logarithmic scale, for k=l points 
for the about 10 teleprinters of highest out-
going traffic in series telex 2. A regression 
line has been drawn and it is seen that the 
assumption of an exponentially decreasing re-
lationship makes a good fit to observations. 

" 
..: 1.0 
0 
> 

~ • 0 
u 

0.5 

0.2 
0 v(a,1) 

" v(y,1) 

2 3 4 5 
a(k,n)/a(k) 

Fig. 7 Coefficient of variation for individual 
subscriber lines (Telex 2). 
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5.2 Telex subscriber behaviour in repeating 
unsuccessful attempts 

We have an interest here in three classes of 
outgoing calls: 

(i) attempts to reach the manual service 
center, which is a combined delay and 
loss system (subscriber dials just "01") 

(ii) attempts to reach other Swedish sub
scribers (complete national number is 
dialled) 

(iii) attempts to reach in a foreign country 
other subscribers (in complete attempts 
"02" or "03" followed by international 
number is dialled) 

There is reason to think that, statistically 
speaking, subscriber behaviour differs from 
one to an other of these three classes 

We will not discuss here at any length a 
definition of the concept of time interval 
between repeat attempts, as the teleprinter 
user behaviour in repeating attempts might 
cover a range of variations. We will limit 
ourselves to give some parameter values for 
measured distributions of time intervals, 
between call occurrences in either of the three 
cases above, at most equal to a certain 
"appropriate" ll.ml.t value. This means that it 
is our intent to catch up that part of the 
distribution which matters as far as load on 
common control equipment is concerned. 

The measured distributions for the respective 
three classes are all steep distributions and 
can be given in short form as: 

calls percentiles, seconds 
25 % 50 % 75 % 100 % 

"01" 6 8 20 120 
national 20 40 80 120 
"02", "03" 30 45 80 180 

Besides time intervals between repeat attempts 
also subscriber persistence in repeating his 
attempts, as a function of the repetition 
number of the attempt, is of great interest. 
In the following table we give a few results 
from telex 2. Here we use the notations: 

i 
i 
i 
i 
qi 

1 = first repeat attempt 
2 = second repeat attempt 
3 = third repeat attempt 
3+ = third or later attempt 
success rate in i : th attempt 

r . = persistance rate in i:th attempt 
l. (of those unsuccessful in preceding attempt 

In estimating q3+ and r3+ we use the very 
simple model: 

let q3 

and r3 

q 

Further let 

N3 = number of third repetitions 

Then 

and 
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number of third or later repetitions 

number of successful calls in third or 
later repetition 

2 2 N3{1+(I-q)r+(I-q) r + ... }=N3/{1-(1-q)r} 

2 Q =N {l-(l-q)(l-r)-(l-q) (l-r)r- ... } = 3+ 3 

As N3+ and Q3+ are measured, q and r can be 
estimated, see table 3. 

Call category Ni qi r i 
National 

Int gr A 

Int gr B 

Table 3 

Here i 

i=O 4128 0.86 
i=l 442 0.31 
i=2 262 0.31 
i=3+ 694 0.15 

i=O 2659 0.72 
i=l 449 0.50 
i=2 163 0.44 
i=3+ 203 0.10 

i=O 1721 0.46 
i=l 578 0.29 
i=2 301 0.19 
i=3+ 855 0.09 

Results from telex 2, 
whole work days 

0.77 
0.85 
0.93 

0.59 
0.72 
0.83 

0.62 
0.73 
0.86 

repetition order (i=O stands for 
fresh calls). 

Int gr A are international calls, subscriber . 
dialled with complete address, address 
group A. 

Int gr B are ditto, address group B. 

Above, call success data have been broken down 
on groups of addresses. It would also be of 
great interest to study the variation of 
success rate for calls to different (national 
or foreign) subscriber addresses. A summary 
for calls to foreign subscribers, address 
groups A respectively B, of the distribution 
of called addresses of at least in one day 5 
times repeated attempts respectively 10 times 
repeated attempts is given in table 4, a and b. 

:all category No of addresses, occurring in 
at least one day 
i=O i=5+ i=IO+ 

Int gr A 
Int gr B 

125 
80 

. Table 4 a At least 5 times or 10 times re
peated B-addresses 

Distribution No of days, 15 day measurement 
of addresses 1 2 3 4 7 12 

1) 18 1 3 
2) 28 6 I 1 2 I 
3) 10 3 3 1 

Table 4 b Specialized distributions of 
addresses 

5.3 Model for repeat attempts in telex traffic 

The occurrence of repeat attempts in telex 
traffic is a phenomenon which can be related 
to a fairly large list of stochastic variables, 
e.g. the following: 

daily traffic profile 

calling subscriber's behaviour in re
peating attempts (persistence, habit of 
trying more than one route) 

called party conditions (differentiation 
between subscriber (proper) engaged con
dition and route busy condition) 
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It would be of interest to refer our results 
in 5.2 to a simple "first approach" model. Let 
us therefore consider the following case. A 
called one-line-equivalent subscriber has been 
found engaged (either subscriber line or the 
route on which he can be reached is busy) in 
a v:th attempt. A repeat attempt is made with 
certainty after a constant time T = trep. From 
our calling subscriber's point of view the 
called subscriber is occupied a certain time 
according to a certain holding-time distribu
tion, which we could assume to be superexponen
tial (see section 6). What is of interest now 
is the distribution of the remaininf time 
during which a repeat attempt w111ind. the 
subscriber engaged, given that a certain time 

, from a first attempt has elapsed. We assume 
that this distribu!ion is negative-exponential 
and that its mean Uv is a linear function (up 
to an upper limit, in practice, at least 500 
seconds) of the time elapsed, so that we get 

VT, V = 1,2,3, ... 

We also assume that poissonian calls from other 
sources arrive at the (one-line-equivalent) 
subscriber with a certain intensity l/x, where 
x is mean arrival lllterva1. If we then consider 
figure 8: 

/Jj1JJ1~ + 
x r---2: 

, 
~I 

1 - a(u) = e -u,.(,.'t remaining occupation time 

1 - H(x) = e -xIX interval of calls from 
other sources 

r = repetition time interval 

Fig. 8 

We can write for the probability pv(B free) 
of our repeating subscriber finding the . called 
subscriber free: 

T -
-1 J -U/VT (T-U)!X Pv(B free)=(vT) e .e 

o 
du 

x .(e-T/ X _e-l/v) 
T(VT-X) 

We have performed calculations for a set of 
reasonable parameter values, viz 

T 45 seconds 
y 1, 2, 3, 4, 5, 6 
x 800s, 400s, 200s, lOOs 

(the x-values correspond approximately to 
y(l) ... y(l,m) values for telex 1) 

• 
The table below summarizes calculated Pv (B free) 
in %. (Formally v = 0 would stand for fresh 
calls) . 
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v'\i 800s 400s 200s lOOs 
0 
1 61.2 59.3 55.5 49.0 
2 38.2 37.0 34.9 31.1 
3 27.5 26.7 25.2 22.5 
4 21. 5 20.9 19.8 17.6 
5 17.6 17.1 16.2 14.5 
6 14.9 14.6 13.7 12.3 

Table 5 Probability of call success in 
repeat attempts 

If we go back to our measured results in table 
3 and look at the qi figures there, we find 
that group A, international calls, corresponds 
more to the left part and group B more to the 
right part of the table above. 

In an analysis of the repeat attempt 
phenomenon, as broken down above on individual 
called subscribers, also simple models could 
be used. 

5.4 Telephone subscriber call frequencies 

Measured values of mean number of calls in busy 
hour for the two measurements are given in 
table 6 below. 

Lines Call Type V~sterh. Gonesse 

Ordin. subs. Outgoing 0.42 0.64 
"- Incoming 0.30 0.36 

Total 0.72 1.00 
PBX-lines Outgoing 4.36 
"- Incoming 3.66 
"- Total 8.02 

, Coinboxes Outgoing 4.59 
"- Incoming 0.03 
" Total 4.62 
Service Outgoing 0.22 2.28 
"- Incoming 0.13 1. 01 

Total 0.35 3.29 
Not in use Outgoing 0.03 0.09 

Incoming 0.03 0.11 
"- Total 0.06 0.20 

Table 6. Mean number of calls per busy hour 
from and to the different types of 
(subscriber) lines 

The lines "not in use" are to some extent also 
used as service lines. This is the reason why 
outgoing calls are observed. 

The number of calls per subscriber varies very 
much from subscriber to subscriber. In table 7 
below the 10 subscribers with the highest mean 
call intensity (total calls) from the Gonesse 
measurement are listed together with their mean 
(y) and standard deviation (5). 

Subscriber y 5 

1 23.5 19.9 
2 16.4 11.4 
3 14.5 10.4 
4 14.0 11.9 
5 13.5 7.1 
6 12.1 10.4 
7 11.3 10.4 
8 11. 0 12.2 
9 9.4 5.5 

10 9.4 5.0 

Table 7. List of the 10 subscribers with the 
highest call intensiiies, i.e. number 
of calls per busy hour. Gonesse 
measurements 
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5.5 Call concentration factor, Telephony 

The concentration factor is equal to the number 
of calls in the busy hour divided by the number 
of calls in the 24 hour period. We have separa
ted the call directions, and have thus in total 
three factors, namely 

Ft total concentration factor in % 

Fi concentration factor for incoming calls 
in % 

Fo : concentration factor for outgoing calls 
in % 

The table below includes values only from four 
different days. They represent the days with 
either highest or lowest observed concentration 
factor (these values are underlined). The mean 
value for the whole period is also included. 

Day Ft Fi Fo 

75-03-06 9.5 9.8 9.3 
75-03-19 9.9 7.3 11.7 
75-04-02 7:3 7.4 7:2 
75-04-04 6.6 5.5 7:3 
Mean value 8.6 8.T 9.0 

Table 7 The highest and lowest observed values 
of the call concentration factor in 
the Vasterhaninge measurements (in \) 

These values are lower than is normally expecte~ 
It should however be noticed that there is a 
high percentage of residential subscribers. It 
is probable that business subscribers have 
higher concentration factor (between 12 % and 
17 %). 

5~6 The fate of incoming calls 

Of the calls coming in to ordinary subscribers, 
on average 21.1 % find the desired subscriber 
busy (Gonesse) during the busy hour. This fact 
will be studied in detail in another paper to 
ITC 8 (3). 

6. HOLDING TIMES 

6.1 Telex call holding times 

In describing holding time variations interest 
is primarily focussed on two aspects: 

24 hour profile, discretized e.g. per 1/4 
pour periods, of mean holding time for 
certain class of calls e.g. incoming or 
outgoing calls 

distribution of holding times of all calls 
of a certain class 

Figures 3 and 5 give from series telex 2 data 
15 day mean 24 hour profiles for outgoing 
respectively incoming calls. They have been 
commented upon already. One further comment will 
be given: For incoming calls (messages) the 
hypothesls of random fluctuations between 08.00 
and 18.00 hours might be postulated. A simple 
test for runs above and below the median shows 
that such a hypothesis should be rejected. 
however. 

The busy hour measured distribution of holding 
times for all calls of a certain class might be 
condensed. in the first hand to giving mean 
value (h) and "Palm's form factor" (f), as is 
done in table 8 for telex 2 data. 
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Class of calls No. of calls h secs f 

Outgoing 8133 53.1 7.9 
Incoming 1741 134.1 2.1 

Table 8 Holding time distributions, mean and 
form factor 

It is seen that for outgoing calls the distri
buti~n is pronounced1y superexponential whereas 
for ~ncom~ng ~al1s it is very close to an expo
nentla1 dlstrlbution. 

6.2 Telephone call holding times 

Table 9 below gives mean holding times (h) 
s~con~s a~d "Palm's form factor" (f) of the 
dlstrlbutl0ns in the two measurements and for 
the variou$ types of lines. 

Lines Call type hlf Vasterh. Gonesse 

, Ordin. subs. Outgoing h 177.1 105.8 
"- " f 4.5 4.5 

j"- Incoming h 221. 0 165.1 
" f 3.8 3.7 

PBX-lines Outgoing h 100.1 
"- " f 3.6 
"- Incoming h 183.4 

" f 2.3 
Coinboxes Outgoing h 81.5 
"- " f 3.6 

, Table 9 Holding time distributions, mean and 
form factor 

It is interesting to note that although the 
means are different for the distributions of 
either type of calls at Vasterhaninge respecti
vely Gonesse, the form factor is almost the 
same. 4.5 for outgoing calls and 3.7-3.8 for 
incoming calls. 

It is possible to regard either of these distri
butions as a sum of two distributions, one be
longing to unsuccessful calls and one to 
successful calls. A good fit to measured distri
butions can be found in assuming 

f(u)=a·exp(-u/ta)+(l-a)·exp(-u/tb) 

The values a.ta and tb are given in table 10 
below for the various types of calls. 

Lines Call type a ta tb 

Ordin. subs. Outgoing V 0.71 59.7 511.1 
" G 0.79 44.8 335.2 

"- Incoming V 0.66 70.5 513.1 
"- " G 0.73 72.5 415.4 
PBX-lines ~utgoing G 0.65 34.4 222.1 
Coinboxes G 0.75 39.4 207.8 
PBX-lines Incoming G 0.5 183.4 183.4 

Table 10 Values of a. ta and tb in fitted 
theoretical holding time distribution, 
V=Vasterhaninge. G=Gonesse 

Note that since the formfactor for incoming 
calls to PBX-lines is very close to 2, which 
corresponds ~o a negative exponential distribu
tion, the values of ta and tb are alike for that 
distribution. 
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7. TRAFFIC LOAD 

7.1 Telex traffic profiles 

It is natural to begin a consideration of ob
served carried traffic data with studying 24 
hour profiles for outgoing respectively in
coming traffic. Results from series telex 2 
have already been given in figures 4 and 6. 
Profiles from series telex 1 can be found in 
(2); they are very similar to those given here. 

7.2 Telex subscriber line traffic load 

With notations as in section 3 and the addi
tions 

v(a,k)=s(a,k)/a(k) 

m(a,k)=a(k,m)/a(k) 

we give busy hour results in table 11 below. 

Series Outgoing calls 
a(1) v(a,l) m(a,l) 

telex 1 0.062 1. 06 5 
telex 2 0.16 0.93 4 

Series Incoming calls 
a(2) v(a,2) m(a,2) 

telex 1 0.031 1. 31 7 
telex 2 0.10 1. 07 5 

Table 11 Busy hour subscriber line 
traffic load 

In figure 7, already presented in section 5, 
values of s(a,l,n)/a(l,n) have. been plotted on 
a logarithmic scale against a(l,n)/a(l) for 
those about 10 teleprinters in series telex 2, 
of highest outgoing traffic and a regression 
line has been drawn. It is seen that the 
assumption of exponential regression makes a 
good fit to observations. 

7.3 Correlation between incoming and outgoing 
traffic load of the individual teleprinter 

In figure 10 results from a calculation of the 
linear regression of a(2,n) in respect of . 
a(l,n) are given for telex 1 data and for one 
multiple line subscriber of the telex 2 serIes. 
It is seen that in the first case there is 
positive correlation, as might have been ex
pected, and in the second case negative 
correlation. The latter fact is interpreted as 
a reflection of the company policy to reserve 
certain teleprinters for incoming traffic and 
certain others for outgoing traffic. 

a(2 ) 

0.5 

0.5 a(.1) 

Fig. 9 Correlation between incoming and out
going traffic load of individual telex lines • 
A = one company (telex 2) r = -0.48; B = sub
scribers (telex 1) r = +0.46. 
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8. NON-ACTIVE/ACTIVE SUBSCRIBER 
(SUBSCRIBER LINE) 

There are two kinds of subscriber no~-activity/ 
activity patterns which interest us here: 

p=l In busy hours during the extent of the 
measurement period certain subscriber 
lines are inactive. The accumulated number 
of subscribers active in at least one busy 
hour is a monotonously increasing function 
with the number of passed measurement 
days 

p=2 During a 24 hour work day the accumulated 
number of subscriber lines active at least 
once is a monotonously increasing function 
with the hour of the day; 

Either pattern can be specialized into non
activity/activity as: 

(k=l) source for outgoing calls 
(k=2) terminal for incoming calls 
(k=3) either source or terminal 

We will give a few examples of either kind of 
pattern and we will discuss a model to inter
pret observed patterns of the first kind, p=l. 

8.1 Model for pattern 1 

For the sake of simplicity we describe our 
model in terms of outgoing calls (k=l), and 
we do so by taking three steps (a), (b) and 
(c) • 

(a) All sources in a considered group have one 
and the same busy hour call intensity 
y(k) 

Let us assume that calls are poissonian from 
each source. We would then get the probability 
of a source being still non-active after z 
hours, P(k,z). 

P(k,z) = exp{-zy(k)} 
z = 1, 2, 3, ... 

(b~ The sources n=l, ... N in the considered 
group have call intensities according to a 
discrete distribution prob {Y(k,n)} 

We would then get, for an arbitrary source 

(bl) 

P (k, z) Eexp{-zy(k,n)}prob{Y(k,n)} 
n 

In order to simplify a calculation let us 
assume that N is large so that prob{Y(k,n)} 
could be approximated by a continuous probabi
lity function dF{Y(k,n)=y}, i.e. we would get 

P(k,z) = f exp(-zy)dF(y) 

Of special interest is here 

F(y) = l-exp{-y/y(k,n)} 

We would then get 

(b2) 

P(k,z) !exp(-zy)exp{-y/y(k,n)}dy/y(k,n) 
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(c) It might be thought that during a period 
of e.g. an hour calls arrive or are gene
rated in "clusters" or "packets". 

Let us proceed from (b2) and add a ~onstant 
"packet size" parameter q. We would then get 

(cl) 

P(k,z) fexp(-zy/q)exp{-y/y(k,n)}dy/y(k,n) 

8.2 Results for patterns 1 and 2 

~igure 1Q shows the percentage of subscribers 
~n.G~ne~se active ~s initiating subscribers, 
1n1t1at1ng or rece1ving subscribers for the 
busy h~urs of_the measurement period. In the 
same d1agram 1S also given the accumulated sum 
of subscribers active during the busy hours. 

Figure 11 shows the same type of curves for the 
Vasterhaninge measurements. 

Nr------r------~~~-------

o,~--~---h----__ ~~ __ --__ 
.... ,..." 0 ... ,-

Fig. 10 Fig. 11 

Fig. 10 Percentage of subscribers active as 
initiating and as both initiating and receiving 
subscribers for each individual busy hour and 
for the busy hours accumulated. Gonesse measure
ments. 

Fig. 11 Same as fig. 10 but results from Vaster
haninge measurements. A few calculated points 
for model (c) of pattern 1 are also plotted. 

... 
lOO ------- ------

Fig. 12 Percentage of active subscribers 
throughout a 24-hour-period (1975-02-27 
Vasterhaninge) 

If we observe the number of active subscribers 
throughout the 24 hour period we get the re
sults shown in figure ]2. That curve represents 
one of the normal working days. The number of 
active subscribers is shown below, both for the 
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whole 24 hour period and also for the time up 
to noon. 

0-12 
Percentage active initiating subs.40-45 
" receiving subs. 45-50 
"- total subs. 60-65 

0-24 
60-75 
70-80 
80-90 

In ~igd~e 11, which gives pattern 1 for Vastew
~_~ll1.nge residential suJ:>scribers, also a few 
points calculated according to (cl) with 
y(3)=0.72 and q=2 have been plotted (here the 
assumption of an exponential distribution -
discretized over n - of y(3,n) makes a very good 
fit to measured data). It is seen that there is 
good agreement (this is not the case with the 
model steps (b) or (a)). 

Model step (c) could be generalized to cover the 
case of a stochastic variation of the parameter 
q. A survey of pattern 1 results shows that 

telex patterns seem to correspond to mean 
q values ~ 1.5 for incoming and ~ 4 for 
outgoing calls 

telephone patterns seem to correspond to 
mean q values ~ 1.5 for incoming, ~ 2.5 for 
outgoing and ~ 2 for either incoming or 
outgoing calls. 

9. CONCLUSIONS 

Highly diversified experimental data - yet only 
a somewhat arbitrary selection - for individual 
subscriber line traffic phenomena are presented 
in this paper. The factual richness of primary 
data is a reflection of the potentiality of 
modern computerized measurement technology. 
Presented data as such are of immediate prac
tical interest and seem to open a broad field 
of traffic modeling. 
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