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ABSTRACT 

Results of a measurement in a local exchange in 
Berlin (West) have been analysed. The dependence 
of the gained parameters from subscriber-class 
and time of day is discussed. As the data have 
been collected in one exchange only, no results 
concerning the influence of the local position 
of the observed subscribers can be presented. The 
structure of the traffic generated by the sub
scribers is described by the "call-mix" of non
blocked attempts, the grade of perseverance, the 
repetition-times after unsuccessful attempts, the 
holding-times and the distribution of calls over 
the time of day and over the distance between 
calling and called subscriber. Some ideas are 
added in which way the results can be applied to 
optimization procedures for telecommunication 
networks. 
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1. INTRODUCTION 

The traffic offered by subscribers is frequently 
measured in order to get precise and up-to-date 
values for the expansion of the switching and 
transmission equipment and for the long-term 
planning of networks. Usually measurements are 
restricted to the most important parameter, viz. 
the traffic value; but an additional classifi
cation into local and long-distance traffic is 
often made. 

For the design and optimization of future systems 
a precise knowledge of the structure of traffic 
is desirable. The classification of call attempts 
into successful and unsuccessful ones with dif
ferent reasons of failure and the time-distri
bution of events observed on the subscriber
lines are of special interest for the design and 
the dimensioning of the common control equipment. 
A model of the distribution of traffic flows 
over an area can be used for the optimization of 
a decentralized communication network. The model 
can be derived from the distribution of sub
scribers over the area and the traffic distri
bution of a single subscriber. 

In this paper results of a measurement in the 
public telephone network are presented. This 
measurement is part of a program of subscriber
line observations in pabx's /1/ and in the pub
lic network. In the third and last measurement 
informations about the observed subscribers were 
available, thus the parameters describing the 
structure of the offered traffic could be eva
luated for different subscriber-classes • 

2. COLLECTION OF DATA AND VALIDITY OF RESULTS 

The measurement was performed in a local exchange 
near the centre of Berlin (West) from January to 
June 1974. The measuring-device was switched to 
24 subscriber-lines simultaneously , and each 
subscriber was observed for one week from 8 a.m. 
to 9 p.m. daily. A total of 500 subscribers were 
observed, about 11,000 outgoing local call at~ 
tempts, 1,800 long-distance call attempts and 
9,000 incoming call attempts being recorded. 
From each qttempt a subset of the following 
events was recorded: ordinal number of sub
scriber within the measuring-program, start of 
call, start of dial-tone, 1st, 2nd, ... digit 
dialled, start of audible-tone (congestion or 
busy, ringing, special-tone), start of conver
sation, end of call, time of each event. Data 
from which user characteristics can be derived 
are available in the subscriber records of the 
Telecommunication Administration. They were used 
for a classification of the observed subscribers . 

When estimating the general validity of the re
sults some points must be regarded • 

- The measurement was made in one exchange of 
a large city (2 million inhabitants) only. The 
generalization to subscribers in middle or 
small towns or to subscribers in suburban areas 
is objectionable without further investigation~ 
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- The local network of Berlin (West) has some 
peculiarities in comparison with average local 
networks in the Federal Republic of Germany. 
Long-distance calls within the network of the 
Deutsche Bundespost have a minimal distance of 
150 km from Berlin. 

- At the time of the measurement the tariff 
structure in long-distance traffic was as fol
lows: charge I from 7 a.m. to 6 p.m.; charge 
11 (lower) from 6 p.m. to 1 a.m.; charge III 
(much lower) for the rest of the time. Since 
then, a different tariff structure has been 
introduced: the essential change is a shift of 
the transition from charge 11 to charge III 
from 1 a.m. to 10 p.m. It may be supposed that 
this change has influenced the time-distribu
tion of long-distance traffic. 

- The data have been collected in a small part 
of the network; therefore no conclusions should 
be drawn concerning network parameters. That is 
why only parameters describing subscriber be
haviour are presented here. 

3. EVALUATION OF DATA 

The data characterizing subscribers were evalu
ated for subdividing the observed subscribers 
into the following classes: 

- business users (BU) ~ subscribers mainly using 
their telephones for bu
siness communication 

- private users (PU) ~ subscribers mainly using 
their telephones for pri
vate communication 

- high usage subscribers (HUS) 
~ subscribers with an ave

rage charge ~ 500 units 
per month 

- median usage subscribers (MUS) 
e subscribers with an ave

rage charge < 500, ~ 100 
units per month 

- low usage subscribers (LUS) 
- subscribers with an ave-

rage charge < 100 units 
per month 

The structure of traffic offered by subscribers 
is described as follows: 

- by the call-mix of non-blocked attempts; the 
percentage of blocked attempts has not been 
included, because loss values characterize no 
subscriber behaviour but the traffic quality, 
and from this measurement no conclusions can 
be drawn concerning the traffic quality of the 
network. the call-mix consists of the percent
age of 

successful attempts (SF) 
unsuccessful attempts (USF) 

attempts with subscriber-busy (SB) 
no answer call attempts (NA) 

- by the grade of perseverance (GP) ~ the con
ditional probability that a call attempt of the 
order x (= (x-1)th repeat) is unsuccessful and 
is repeated 

- by the repetition-times ~ time intervals be
tween the beginning of an unsuccessful attempt 
and the beginning of its next repeat (= Dc> if 
the at~empt is not repeated at all). 

- by the holding-times of the call attempts 

The quantities have been evaluated dependent of 
subscriber-class, time of day and traffic-class 
(local traffic, long-distance traffic). 

Furthermore the structure of traffic is described 

- by the distribution of traffic over daytime 
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- by the distribution of traffic over the distan
ce between the exchange were a call is origi
nated and the exchange to which it is directed. 

dependent of subscriber-class and traffic-class. 

4. RESULTS 

4.1 CALL-MIX OF NON-BLOCKED CALL ATTEMPTS 

The Tables 1 to 3 show the call-mix of non-block
ed call-attempts. Apart from the abbreviations 
introduced in Section 3 some more are used: 

1st, rep., all attempts ~ first, repeated, first 
and repeated call attempts all together 

LOC, LD, INC attempts ~ local, long-distance, 
incoming call attempts 

From the unsuccessful non-blocked attempts only 
the percentages of .those with subscriber-busy 
and no answer are presented; the rest of unsuc
cessful attempts failed because of subscriber
errors, system-faults or other reasons. Table 1 
presents the results for all observed subscri
bers, Table 2 for business users only, and 
Table 3 for private users only. 

Table 1: Call-mix of non-blocked attempts, all subscribers 

8 a.m.-9 p.m. 10 - 12 a.m. 6 - 9 p.m. 

local traffic 

attempts 1st rep. all 1st rep. all 1st rep. all 

SF .64 .34 .54 .63 .37 .55 .60 .32 .49 
SB .09 .37 .18 .11 .41 .20 .07 .38 .18 
NA .18 .17 .18 .16 .12 .15 .21 .20 .21 

lon8-distance traffic 

attempts 1st rep. all 1st rep. all 1st rep. all 

SF .60 .46 .55 .53 .49 .51 .64 .52 .58 
SB .09 .27 .17 .14 .24 .19 .10 .25 .17 
NA .16 .16 .16 .20 .15 .18 .13 .13 .13 

all attemEts havin8 reached an open subscriber-line 

attempts LOC LO INC LOC LO INC LOC LO INC 

SF .75 .76 .76 .78 .75 .83 .70 .81 .69 
NA .25 .24 .24 .22 .25 .17 .30 .19 .31 

The values show that in local traffic the proba
bility (probJ of success does not decrease du
ring peak-hour, as a rising probe of SB is com
pensated by a falling probe of NA. The lowest 
probe of success is in the evening because of 
the higher number of NA attempts. Looking at the 
whole daytime, there are only minor differences 
between LOC and LD traffic. During peak-hour 
(10 - 12 a.m.) there are more SB and NA attempts 
in LD traffic. This does not hold for repeats 
with SB. Generally, the ratio of 1st to repeated 
attempts with SB is higher in LOC than LD traffic. 
Probably the reason is that in LD traffic the 
probe of congestion is essentially higher and 
thus the probe that a next repeat after SB is an 
SB attempt, is lower than in LOC traffic. In the 
evening-hours the probe of success is higher in 
LD traffi~ as the number of NA attempts is lower. 
As will be seen in Tables 2 and 3 this is due to 
the call-mix of private users. From the last two 
lines of the table may be seen .that in ·:LOC .and 
INC traffic NA attempts are more frequent in the 
evening, in opposition to LD traffic. 

Tables 2 and 3 present the same values as Table1 
for business and private users. It is evident 
that the main difference between the two sub-
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scriber-classes is the portion of NA attempts. It 
is higher with private users than with business 
users during daytime and viceversa in the evening. 
The portion of SB attempts is lower with private 
than with business users. From these results the 
conclusion may be drawn that business users main
ly call business users that have a high offered 
traffic themselves and whose probability of being 
absent is lower during daytime than in the even
ing, while private users mainly call private 
users. 

', !Table 2: Call-mix of non-blocked, attempts, business users 

8 a.m.-9 p.m. 

local traffic 

attempts 1st rep. all 

SF 
SB 
NA 

.65 .35 .56 

.09 .37 .17 

.16 .17 .16 

long-distance traffic 

attempts 1st rep. all 

SF 
SB 
NA 

.66 .38 .54 

.11 .36 .22 

.11 .12 .12 

10 - 12 a.m. 

1st rep. all 

.67 .34 .58 

.11 .46 .21 

.13 .12 .13 

6 - 9 p.m. 

1st rep. all 

.62 .31 .52 

.07 .36 .17 

.20 .22 .20 

1st rep. all 1st rep. all 

.56 .51 .54 

.17 .24 .19 

.15 .10 .13 

.64 .38 

.12 .38 

.16 .16 

.56 

.25 

.16 

all attempts having reached an open subscriber-line 

attempts LOC LD INC LOC LD INC LOC LD INC 

SF 
NA 

• 77 .81 .87 
.23 .19 .13 

.81 .81 .93 

.19 .19 .07 
.72 .82 
.28 .18 

.77 

.23 

Table 3: Call-mix of non-blocked attempts, private users 

8 a.m.-9 p.m. 

local traffic 

attempts 1st rep. all 

SF 
SB 
NA 

.62 .33 .52 

.08 .37 .18 

.19 .18 .19 

long-distance traffic 

attempts 1st rep. all 

SF .57 .52 .54 
SB .09 .19 .14 
NA • 20 . 19 . I 9 

10 - 12 a.m. 

1st rep. all 

.60 .40 .54 

.10 .36 .18 

.19 .14 .18 

1 st rep. all 

.50 .48 .49 

.11 .27 .17 

.26 .17 .23 

6 - 9 p.m. 

1st rep. all 

.59 .31 .48 

.07 .39 .19 

.22 .20 .21 

1 st rep. all 

.66 .54 .61 

.11 .22 .15 

.11 .13 .12 

all attempts having reached an open subscriber-line 

attempts LOC LD INC LOC LD INC LOC LD INC 

SF 
NA 

.73 .74 .68 

.27 .26 .32 
.75 .68 .72 
.25 .32 .28 

.70 .84 .68 

.30 .16 .32 

Looking at attempts reaching an open subscriber
line (last two lines in Tables 2 and 3) it can be 
seen that the probe of NA attempts is significant
ly higher with private users than with business 
users. With incoming attempts, the ratio of NA to 
SF attempts is 1:4 during the morning peak-hour 
and 2:3 in the evening. 

4.2 GRADE OF PERSEVERANCE 

Table 4 shows the grade of perseverance after 1st, 
repeated and all attempts, for all observed sub
scribers and for different times of day • 

The values presented show that the grade of per-
severance (GP) is ' 

- significantly higher after repeats than after 
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1st attempts 

- s~gnificantly higher in long-distance traffic 
than in local traffic 

- significantly higher in peak-hours (10-12 a.m. 
in local traffic, 6-9 p.m. in long-distance 
traffic) than in other times of day. 

Table 4: Grade of perseverance after 1st, repeated and 
all attempts, all subscribers 

attempts 8 a.m.-9 p.m. 10 - 12 a.m. 

1st 
rep. 
all 

1st 
rep. 
all 

local traffic 

.58 

.81 

.69 

long-distance traffic 

.79 

.87 

.83 

.67 

.85 

.75 

.77 

.85 

.81 

6 - 9 p.m. 

.53 

.79 

.66 

.86 

.90 

.89 

It seems to be evident that there is a strong cor 
relation between the GP and the probe of congest: 
ion or subscriber-busy. In order to check this 
influence the empirical correlation coefficient 
was calculated. It is .84 between the GP and 
the probe of failure and .91 between the GP 
and the probability of congestion or subscriber
busy ( prob(CON or SB) ). By using logarithmic 
scales for the GP and the prob(CON or SB) one can 
make obvious that there is a relation of the type 

GP = k 1 prob (CON or SB) a ) . 

By applying linear regression to the logarith
mated values we get the straight line 

In (GP) = a In (prob (CON or SB>J + In k 

as can be seen in Fig. 1. 

.7 

.5 

I_ MUS 

a. lUS 

.2 - - - -- --- , -,--'--T - r- -
I prob I Con or S81 

.01 5 

~: Grade of perseverance as a function of the 
probability of congestion or subscriber-busy 

Fig. 1 shows that the GP grows overproportional
ly with the prob(CON or SB). Furthermore it can 
be seen that there are some differences between 
the subscriber-classes. With business users (2) 
and high-usage subscribers (4) the GP is lower 
up to high values of prob(CON or SB) than with 
private users (3), median- and low-usage subscri
bers (5), (6). The differences are diminished 
or disappear with very high values of prob(CON 
or SB) . 

4.3 REPETITION-TIMES 

The grade of perseverance can be used for descri
bing the influence of repeats provided that the 
input process of repeats is statistically inde
pendent of that of first attempts. The results 
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presented in /1/ which have been derived from 
measurements in two pabx's and from a measure
ment in a public exchange presented in this sect
ion show that 1st and repeated attempts observed 
on subscriber-lines cannot generally be regarded 
as statistically independent. Whether this de
pendence must be taken into consideration depends 
on the system part that is to be dimensioned and 
its position within the network. 

In /1/ has been shown that the distribution of 
repetition-times may be approximated by a mixture 
of two negative exponential distributions (ned). 
The approximation-function is 

AF (t) = ~ exp { - (t-1.'o) /Tm1 } + 
+ (1-1l") exp f - (t-'t' ) /T 2} t)T l 0 • m I 0 

, t1To 

AF1 + AF2 

With a procedure described in /1/ the estimators 
p, cc,1' Ot.2' To for the parameters 1)", Tm1-1,Tm2-2, 
'to can be calculated. 

AF est = p exp ( - ClC. 1 (t-To)j + (1-p) exp { - ""'2 (t-To~ 
The mean values of the two components are 

m1 o,,~1 + To 

m2 at 21 + To 

and the repetition-rates are 
-1 c 1 m1 

Table 5 shows T , p, m1 and m for all observed 
subscribers forOthe whole daytime (BL ~ attempts 
with congestion). 

Table 5: Parameters of the two estimated negative exponen
tial distributions approximating repetition
times, all subscribers, whole time of day 

T P ml m2 0 

(secs) (secs) (secs) 

repeats local traffic after 

1st }USF 4.9 .43 32.8 31531 
re . 5.6 .65 41.8 13562 al~ attempts 6.9 .54 34.2 21942 

all attempts 
with BL 5.9 .82 16. I 3664 

SB 10.4 .74 40.2 10916 
NA 15.3 .26 166.1 37538 

repeats 
long-distance traffic after 

1st} USF 6.0 .66 28.4 20582 
re . 5.6 .76 26.6 15869 
aIr attempts 5.8 .72 27.0 17784 

all attempts 
with BL 4.9 .92 18.7 15177 

SB 15.7 .76 32.5 8537 
NA 20.8 .31 106.3 22223 

From the results in Table 5 some conclusions can 
be drawn which are in accordance with results o( 
other measurements (e.g. results from pabx's in 
/1/) I 

- The probability of short repetition-times, p, 
depends on the reason of failure of the pre
ceding attempt, the ordinal number of the pre
ceding attempt and the class of traffic. 
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- The mean values of the second component of the 
mixtures representing the long repetition-times 
is so high that the statistical independence 
between unsuccessful attempts and their repeats 
is granted. 

From Fig. 1 could be seen that business-users 
and high-usage subscribers seem to be character
ized by a lower grade of perseverance than others 
From Figure 2a,b,c can be derived that the diffei 
ences can be described by the different probabi
lities of short repetition-times, p. 
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That means that the mean value of the first mixt
ture component is independent of the subscriber
class, but the probability of repeating after a 
long time or not at all is higher with business
users and high-usage subscribers than with 
others. 

4.4 HOLDING-TIMES 

In /2/ the holding-times of unsuccessful and suc
sessful call attempts have been analysed. The re
sults show that there are differences depending 
on the reason of failure similar to the results 
in /1/, but no differences between unsuccessful 
attempts of different subscriber-classes. As can 
be seen from Table 6, successful calls have mean 
holding-times depending on the subscriber-class. 
In addition to the mean values, the 1 percent 
confidence intervals are presented which have 
been calculated by means of the Student Test. 

Table 6: Holding-times of successful calls, mean values 
Tm in secs and confidence intervals in secs for 
I percent probability of error, different sub
scriber-classes, all time of day 

subscriber-class BU PU HUS MUS LUS 

local traffic 219 301 241 271 339 
!13 ±19 1:17 1:17 1:47 

long-distance 237 324 258 320 336 
traffic 1:37 :!:49 !39 :t52 :!:220 

incoming traffic 181 309 202 273 339 
:!:12 :!:18 ~16 :17 !47 

The values valid for long-distance traffic have 
wide confidence intervals, thus differences be
tween subscriber-classes are not significant. 
This is due to sample-size, but the values show 
show the same trends as those for the other 
traffic-classes: 

- private users have longer holding-times than 
business-users 

- low-usage subscribers have longer holding
times than median-usage subscribers, the times 
of which are still longer than those of high
usage subscribers. 

The values for incoming traffic are smaller, as 
the times for building up a connexion are not 
included. 

Table 7: Holding-times of successful calls, mean values 
Tm in secs and confidence intervals in secs for 
I percent probability of error, all subscribers, 
different times of day 

traffic local long-distance incoming 

8 a.m. - 6 p.m. 242 220 226 
:t12 !30 :!:12 

6 p.m. - 9 p.m. 372 401 367 
:37 :62 !66 

From Table 7 can be seen that holding-times are 
longer in the evening. The most remarkable differ
ence is with long-distance calls due to tariff 
reduction after 6 p.m., but even in local traffic 
calls are about 50 percent longer in the evening. 

~.5 DIS~RIBUTION OF TRAFFIC OVER THE DAY 

Fig. 3a,b,c shows the distribution of the traffic 
offered by a subscriber to the system, over the 
time of day from 8 a.m. to 9 p.m. for business 
users and private users. Fig. 3a (local traffic) 
shows two peaks for business users, one from 10 

!Tea 

to 11 a.m. and one from 3 to 4 p.m. 
while ~he~e is a low traffic p~riod from 1 to 
3 p.m.and a continouS decrease 'from 4 to 9 p.m. 
Private users have a different distribution; 
there are only slight differences over the day 
but a strong peak from 6 to 8 p .• m. That means 
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b. long-distance traffic 
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Y/Erl 
.0 
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c. incoming traffic 
~: Distribution over time of day of traffic 

offered by a subscriber 

that private users have the majority of their 10-' 
cal calls between closing of shops and the start 
of TV evening programs. In Fig. 3b (long-distance 
traffic) the influence of tariff structure is 
evident. Both, business and private users have a 
clear peak from 6 to 9 p.m. With business users, 
there is a traffic peak from 12 a.m. to 2 p.m. 
in addition to the morning and afternoon peak 
period, while with private users there is almost 
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no morning peak, a slight peak from 12 a.m. to 
1 p.m. and a continous increase after 2 p.m. The 
time-distribution in Fig. 3c (incoming traffic) 
is very similar to that for local traffic with 
the exception of the traffic-peak from 1 to 2 
p.m. Summarizing the results one can say that 
during daytime the amount of traffic of business
users is four or five times that of private users 
while in the evening there are only slight dif
ferences between the two subscriber groups. 

4.6 DISTRIBUTION OF TRAFFIC OVER DISTANCE 

The distribution over the distance of the traffic 
offered by a subscriber cannot be calculated 
exactly without the knowledge of the calling and 
the called subscribers' adresses. But the distri
bution can be approximated by evaluating the loc
al distance between the exchange where a call is 
originated and that to which the called subscri
ber is connected. The result of this evaluation 
for local traffic is shown in Fig. 4. 
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The conclusions are easy to be drawn: 

- There are only minor differences between the 
different subscriber-classes 

- There is a continous decrease of the curves 
with growing distance I, and the portion of 
calls remaining within a narrow range around 
the position of the calling subscriber is 
rather high. 

In order to find an approximation for the empi
rical distance-distribution, logarithmic scales 
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for the ordinate and the abscissa have been in
troduced (Fig. 5). Obviously, PR(l) = K·lc, c < 0, • 
is a practicable approximation. But once more 
must be stressed that this result has been gain-
ed by a measurement in one exchange only. 

Looking at the distance-distribution of long
distance calls one must remember the minimum 
distance of 150 km. The calls have been classi
fied according to the nodal exchange area of the 
called subscriber, summarized to distance-zones 
and normalized to equal numbers of subscribers. 

lO 

20 

10 ao : 1.83 . 10
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a. :1 . 83 · 10' 

all( : 2. 24 ' 10 I> 
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----.- I [km) 

SOO foOO 

~: Probability PR t ha t there is a .distance 
between the calling subscribers' local area 
and the called subscribers' nodal area, 10ng
distance calls 

The distribution in Fig . 6 shows that there is a 
decrease with growing distance, but it is not 
continous. The deviation from a continously fal
ling distribution cannot be interpreted with the 
available data, but it must be regarded that the 
sample size is one fourth of that of local calls 
only. 

5. APPLICATION OF RESULTS 

A better knowledge of the t raf f ic offered by 
different subscri ber-groups can firstly be used 
for the dimensioning of the existing system, 
especially of the local exchanges. The influence 
of repeats a nd the differences between different 
subscriber-classes can be considered. Secondly, 
the structure of traffic must be known for the 
optimal design of new telecommunication net
works. Especially for the otimization of net
works with decentralized structure (loop or 
branching structure) the d i stribution of traffic 
flows between all subscribers of an area must be 
known, and a simple model of the traffic-distri
bution is necessary for a recursive optimization 
procedure. In /3/ a model of the traffic-distri
bution in an area is introduced which consists 
of the distribution of the subscribers in the 
area and the distribution of the traffic flows 
of a single subscriber. The traffic-distribution 
of a subscriber of class k is described as a 
product of the traffic value Ak, the distance
distribution f(l) and §k(k.) which describes the 
distribution of calls over the circle with radius 
1 from the calling subscriber dependent of the 
distribution of subscribers with different clas
ses k* along that circle-line. Qk takes into 
consideration that e.g. private users call pri
vate users more frequently than business users 

• 

• 

do. In the appendix, a short description of the • 
model is added. If it can be proved that the 
model gives a description of traffic-flows suf
ficiently exact for optimization procedures, 
than the traffic-distribution can be easily cal-
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culated from the distribution of dubscribers of 
different classes k, Tk, from Ak, f(l) and Qk. 
Tk is available from census data, Ak can be taken 
e.g.from Fig. 3. Fig. 4 and 6 show f' (1) = a.f(l), 
a = [i=f (l)J -1. For Qk the probabilities that sub
scrioers of class k call subscribers of the clas
ses k· must be known. There is no simple way of 
determining these probabilities, as no associa
tion of dialled numbers and subscriber data be
longing to them is available. An approximate me
thod using data from Tables 2 and 3 and from 
Fig. 3 assumes that the call-mix is typical for 
a certain subscriber-class. If ~k i is the pro
bability of no answer for attempts of traffic
class i measured at a subscriber of class k hav
ing reached an open subscriber-line, and A _ kllF 
is the probability of attempts going from sub
scribers of class k to subscribers of class k-, 
then 

Q(BU , OUTG. = ~BU"PU '«PU , INC + PBU"BU ·~U, INC 

~BU"PU +" BU+BU 

txpu , OUTG. = /# PU .. PU -« PU , INC + P.PU .. BU ·tl BU , INC 

~PU+PU + ~PU .. BU 

From that follows 

et -et 
{1-BU .. PU 

BUlOUTG. BUtINC 

()(PU,INC -OCBU,INC 

~PU-"PU 
ex. PU , OUTG • -oI.BU , INC 

(XPU,INC -l)(BU,INC 

Weighting the values for local and long-distance 
traffic in Tables 2 and 3 with .the ratio of traf-
fic values in Fig. 3 we get 

OCBU,INC .13 

oc.PU,INC .32 

c;x..BU , OUTG • .22 

()(, PU , OUTG . .27, and from that results 

,4BU .. PU .49 (J BU .. BU .51 

,4PU..,PU .74 t$ PU .. BU .26 

for the whole time of day. Of course, this is a 
very rough approximation; e.g. differences be
tween local and long-distance traffic and the 
influence of the traffic of pabx's are not con
sidered. By measurements of a larger sample size 
and a more precise classification of subscribers, 
e.g. according to the type of business, number 
of employees, number of persons in a household, 
amount of family .income, the model of traffic 
flows could be improved. On the other hand, for 
the optimal design of complex networks the traf
fic model must be easy enough to be practicable. 
Thus it seems to be reasonable to be satisfied 
with a rough classification of subscribers and 
rather to take efforts to prove the general va
lidity of the parameters describing the structure 
of the traffic offered by subscribers. 
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The traffic-distribution of a subscriber of class 
k at the position ~ is 

VAk(~,l,k~) = Ak'fk(~,l) 'Qk(k-) 

Ak offered traffic of a subscriber 
of class k 

fk(~,l) distance-distribution of traffic 
offered by a subscriber of class k 

distribution of traffic in an area 
with distance 1 from the calling 
subscriber, depending on the fre
quency of subscribers of different 
classes k-

~ takes into consideration that a subscriber 
of class k prefers to call certain classes of 
subscribers, e.g. a business user preferably 
calls business users. If fk(~,l) is independent 
of the subscriber-class as results from Fig. 4 
to 6, and of x which still has to be proved, we 
can write - Ak 1 

fell = -'-Ak Tl' 

where Tl is the absolute frequency of all sub
scribers having the distance 1 from the calling 
subscriber, and Ak 1 is the traffic of .the con
sidered subscriber'to all subscribers of distan
ce 1. In Fig.4 to 6 the distance-distributions 

are drawn. 

fk(l) = a-fk(l), a =[r fk(l)] -1 
1 

~: Traffic flow from a subscriber at x to a 
subscriber in an area element F with po
sition Z 

345-7 



The traffic flow of distance 1 is spread among 
the area elements F according to Qk(k-). Qk de
pends on the number of subscribers in allF with 
distance 1, Tl, the weighting coefficients 
gk(k*) and the number of subscribers of the dif
ferent classes in F, Tk.(~)' The portion of traf
fic with distance 1 directed to F with position 
~ is described by 

Gk(~) = Tl r. gk(k*)'~.(~) 
k-

~k.(~) Tk·(~)/Tl 
(kilt) = Ak,ktlf,l • K 

gk Tk-(l) 

Ak,k.,l traffic from a subscriber 
of class k to all subscri
bers of class k4 at a dis
tance 1 

K is determined by the condition 

~ L. gk (k-) -S-k. (~) 
~"~-~I=e k· 
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