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ABSTRACT 

The study is based on traffic measurements 
performed in Finland on different traffic routes 
and on the results of the treatment of these 
measurements. The emphasis in the study is ·to 
clarify the time distributions of the traffic 
process. In examining the results the form 
exp(- ~t~) is applied. According to the 
measurements {J C 0.6, •• ,1.3. 

The measurements were performed with an auto
matic traffic process recording device which 
records the arrival and termination times of 
the calls on the route under investigation. 
Measurements have been made on "telephone, teles 
and data traffic routes. 

The paper shows that there is no busy hour in 
telex and data traffic, and that the times are 
not exponentially distributed. Also it can be 
seen that the traffic ~s not Poisson-distributed 
even if the call interval distributions were 
exponential. Since there is (no special busy-hour, 
the measurement should cover all the hours of 
the day. The distribution of the 24 hours' traf
fic can be studied with the {aid of the normal 
distribution, if we study only the peaks of the 
traffic. 
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1. INTRODUCTION 

The theories of A.K. Erlang are based on the 
assumption of statistical equilibrium and on 
the busy-hour concept /5/. 

S.A. Karlsson presented another definition of 
the statistical equilibrium. This takes into 
account also the intensity variations /12/. 

The whole traffic process is studied in this 
paper. This is based on the traffic measure
ments performed in Finland with traffic measuring 
equipment of novel type in connection of various 
traffic forms and OD the results of measurement; 

- and on the basis of the results conclusions are 
drawn with respect of the traffic process, its 
character, parameters, theoretical models, and 
endeavours are made to find such theoretical 
models which are as nearly valid as possible for 
actual telephone traffic. 

2. TIME DISTRIBUTIONS OF TELEPHONE TRAFFIC 

The call lengths are often assumed to conform 
to exponential distribution, whereby the prob
ability for a call to last at least the time t 
is (1), where «is the average length of the call. 

Q(t) = e-t/C)( (1 ) 

It has been found in stUdies concerning the du
rations of calls /1-3/ that exponential distri
bution is a good compromise for the distribu
tions occurring in practice, which deviate from 
it in greater or lesser degree. In order to state 
by means of one single numerical value how the 
call length distribution differs from exponen
tial distribution, C. Palm /4/ introduced the 
shape coefficient (2), where m is the mean and 
0
2 the variance of the distribution. 

0
2 

= 1 + 2 
m 

(2) 

For an exponential distribution, m c 0 thus £ = 2, 
distribu~ions with g < 2 are subexponential dis
tributions and those with e > 2 are hyperexpo
nential distributions. 

In order to find out what kinds of laws the fun
damental factors of the traffic process obey, we 
measured the following: call arrival times, dis
connecting times, and occupation times and call 
lengths. From the results of measurement we cal
culated the call interval, disconnection interval 
and occupation time distributions. For descrip
tion of these distributions, the Weibull dis
tribution /7/ has proved to be appropriate /8/. 
The probability Q(t) that a call will last at 
least for the time t, is in terms of the Weibull 
distribution, 



Q(t) 
f$ -et -'/)Ax "" e , 

Q( t) 1, 0 ~ t < '1' 
(3) 

where the parameters are: ~ "" scale para
meter, p = shape parameter, 'I "" location 
parameter (ex >O,(J>O) 

As can b'e seen from the expression of the func
tion (3), exponential distribution is a spe
cial case of the Weibull distribution and is 
obtained when ~ = 1 and 'I "" O. For (I = 2 and 
t = 0 we obtain the Rayleigh distribution. The 
values of parameters 0(, j5 and 'I can be deter
mined by plotting the cUmulative function 
F(t) = 1 - Q(t) of the measured distribution 
on a Weibull chart, or they may be computed 
from the formulae presented in /9/ and /11/. 

The moments (~k(1» with reference to the 
point l' are 

It 
~k ( 1') "" O(fJ r ( ~ + 1) (4) 

k .. 0, 1, 2, 3, ... 

It is known that with the aid of these moments 
the moments with reference to any other ~oint 
caD be calculated. The kIth moment (~k(m) 

with reference to the mean (m) is: 
1 

m"'1+~r(~+1) (5) 

The shape coefficient of the Weibull distri
bution is found from the formula: 

~ E .. 1 + 2 
(m - 'I) 
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Fig. 1 The shape coefficient E as function 
of ~. 

~n Fig. 1, the shape coefficient et) has been 
graphically shown in dependence on the shape 
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parameter (~). It is seen that to ta >1 corre-
sponds E < 2 and to f3 < 1 corresponds £ > 2. The • 
points marked in Fig. 1 represent the measured 
values of nine different telephone traffic 
routes, for altogether 29 000 calls, one telex 
traffic route, 12 000 calls and one data traffic 
route, 1 000 calls. As menti oned before, the 
point (fJ =1, E =2) of the gr aph corresponds to 
exponential distribution. Usuallye.>2 and (3<1. 
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Fig. 2 The Weibull-frequency distribution 

Fig. 2 shows the graph of the Weibull-frequency 
distribution f(t) - F'(t) for three different 
f! values. 

Assuming that the distribution of occupation 
times (Q(t)i)is of the form (3) the formulae of 
Annex 1 are obtained according to References/1/ 
and /19/. 

The probability that a call -with duration dis
tribution Q(t) will terminate within the inter
val (t, t+dt), assuming that it did not termi
nate up to time t, is given by the hazard value 
h(t)dt in Annex 1, formulae 7-9. The hazard rate 
of the Weibull distribution takes into account 
the compressed ((J > 1) or elongated ((J < 1) shape 
of the distribution. For an elongated distribu
tion the hazard rate (h(t» is a declining func
tion; for the exponential distribution (p" 1) 
it is constant. 

The probability that no call arrives during an 
arbitrary time interval (0, t) is supposed to 
be e-yt. The probability that a call which one 
begins to observe at an arbitrary moment will 

• 

still continue for the time t at least, assuming . 
that the time of commencement of the call is 
unknown, is S( t). For exponential distri buti on, 
~(t) is the same as the call duration distri
bution (1), but for calls with Weibull distri
bution it has to be expressed with the aid of 
gamma and incomplete gamma functions (Annex 1, 
formulae 10-14) • 

5Pp (t) (p "" 1,2, •.. ,n) is the probability that 
in a state chosen at random and 'having alto
gether p calls going on all these p calls are 
still going on at the time t after origination 
of the state (Annex 1, formulae 16-20). 

~p(t) (p "" 0,1,2, ••• ,n) is the probability that 
the state p still continues at the time t after 
its origination. Since the state p = 0 can only 
terminate when a call arrives, ~o(t) .. 

e-yt • The state n, again, may only terminate in 
that one of the calls terminates, 'and therefore 
~n (t) - ~ n (t). The states of occupation p .. 1, 

••• ,n-1 terminate either on arrival of a call 
or on termination of a call that is going on, 

• 



• 

• 
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whence 4)p(t) = e-ytfp(t), O<p<n. The means 
(Mp) of the states of occupation have also been 
given (Annex 1, formulae 21-23). 

The durations of the blocking states are impor
tant when the quality of traffic is considered. 
Their mean is n/m, where n is the number of 
lines and m is tbe average call duration. Con
sidering the distribution of the fully occupied 
state, we may determine the probability that 
a given blocked state lasts at least for the 
time t. At large values of n the distribution 

(>n (t) approaches exponential d.istribution /1/. 

As shown in /1/, the Erlang B-formula /5/ and 
other expressions associated with this formula 
are valid, independent of the distribution 
function of the call duration /1/. It has also 
been demonstrated that the shape of the call 
length distribution has no effect on average 
charging /6/ if so-called statistical time 
charging is applied /2/. However, the distri
bution exerts an influence on the accuracy of 
charging and on the distribution of duration 
of different occupied states. 

3. INTENSITY DISTRIBUTIONS OF TRAFFIC 

In the foregoing the time distributions of tele
phone traffic were considered. It was found 
that in treating the time distribution the form 
Q(t) = exp(- ~ t~) is appropriate. Here, !3 = 
0.6, ..• ,1.3. In the following the frequency 
distribution (f(x)) of traffic intensity shall 
be considered. As starting point, we choose the 
results, referring to all the hours of the day, 
from measurements on different routes . during 
several years. Fig. 3 shows the telephone 
traffic frequency distribution found on a route 
with 48 lines during one year by sampling prin
ciple ('t' = 40 sec /8/), during one hour (BH; 
9-10 a.m.), 6-hr (6H; 9 a.m. - 3 p.m.) and 24-
hour periods (24H). The traffic mean (x) and 
dispersion (s) for the whole year are seen in 
Table A. 

Mean x 
Dispersion s 

Table A 

The lowest states of occupation (x = 0, 1, 2) 
in Fig. 3 mainly represent night-time traffic. 
Occupation states x = 5, ... ,10 represent the 
low traffic of the year's working days and the 
commonest s~ates of occupation of saturdays and 
sundays, excepting night traffic. States of 
occupation higher than these occur most commonly 
on working days. On the average, traffic is 
highest on this route on mondays and tuesdays, 
yet with small variation between different week
days excepting the weekends, when traffic is low. 
The busiest period was in December, while June 
and July had low traffic. 

As can be seen from Fig. 3, the 1-hour and 6-hr 
distributions are rather symmetric, whereas the 
diurnal distribution shows the characteristic 
feature of a double peak. The most important 
part of the distribution as regards dimension
ing consists of the traffic peaks, because it 
is during these that the route blockages occur. 
We may therefore restrict our consideration to 
the upper part of the distributions. 
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Fig. 3 Traffic frequency distributions for 
one year 

For states of occupation higher than the mode 
value of the 6-hr distribution the distribu
tions are descending and well fittable to the 
right half of the normal distribution. It is 
well feasible to base the dimensioning on a 
traffic model consistent with N(xT, sz) normal 
distribution, which has as its parameter xT 
the 6-hr traffic mean (x6H), rounded off to the 
nearest integer, and as parameter sz' the second 
moment of the upper part of the distribution 
(x> xT) with reference to xT. The parameter Sz 
is calculated by the formulae/17/: 

z (8) 

(9) 

Thus, in the dimensioning model the true traffic 
distribution is replaced by a fictitious, sym
metric distribution which by the aid of two 
moments has been fitted to the more important 
half of the measured distribution . 

As dimensioning criterion, the blocking B cal
culated for the normal distribution model from 
formula ~O) is used. 

B 

where 

n+0.5 

n-~ f(x) dx 
n+ .5 
J f(x) dx 

- 00 

f(x) 1 e 

(10) 

(11) 

The number of lines n has been tabulated in 
Reference /11/. An example of the said table is 
shown in Table B. When xT and 0z have been 
determined, the number of lines corresponding 
to blocking B = 0.1 % can be read from Table B • 
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Table B Number of lines needed, when B z:: 0.1 %, 
q = s2. / x z T and i ~ xT 

S.A. Karlsson used, in determining the full 
availabil~ channels /12/, Christensen's form 
n - y + h y, which is based on Poisson distri-
bution. Karlsson introduced normal distribution, 
which implies replacement of y by xT and of 
fl'by Oz· Then, 

(12) 

which is the so-called peak traffic dimensio
ning method. He demonstrated that 

co 

Z - 2 ~(X-XT) f(x)dx = _~ Oz (13) 
xT r2~ 

where f(x) is the frequency function of the 
contimuous normal distribution/21/. 

In equivalent manner as for normal distribution, 
dimensioning for Weibull distribution may be 
based on the expression (1Q) of blocking, in 
which 

1 "J (J -Is-1 - Ci((x- 'i J 
f(x) - ~ (x- 't) e 

Hence follows that 

(J 
-(N+0.5 -1) -(N-0.5- 'i )(3 

0<. oc: B _ _-~e~ _________________________ + ____ e~~ ________________ .... 
-(N+O. 5- 'i )f~ 

1-e c( 

(14) 

(15) 

In dimensioning based on the use of .Weibull 
distribution the entire distribution and not 
only its peak is taken into account. Fig. 4 
shows the curves for determination of the 
number of lines (n) when the blocking is 
B - 0 •. 1 %, '.and the ' param&t ers 0(, ~ and tare 
known /11/. 
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Fig. 4 The Weibull dimensioning curves 

4; MEASUREMENTS 

In the traffic process measurements, a traffic • 
process recording device /8/ built for this 
specific p~pose was used, which recorded all 
the traffic events on the route and their times 
with 0.1 sec aC.curacy on 8-hole punch tape. 
Desired calculations of traffic parameters were 
then performed with .a computer. 

In the following, the results thus obtained are 
exemplified by the time parameters of three 
typical traffic forms (Tabl~s 1a ••• 4a) and 
their intensity parameters (Tables 1b ••• 4b). 

For the time distributions the parameters pre
sented above under 2 were calculated: Weibull 
parameters "I, l.noc and ~ , mean m, dispersion 0 
and shape factor £. The results have been pre
sented individually for each day. From results 
1a and 2a it can be seen, for instance, that 
the call intervals in normal telephone traffic 
conform fairly well to exponential distribution 
( E .. 1.85 ••• 2.19) but that the occupation 
times and call durations obey a Weibull distri
bution (£ - 2.13 ••• 2.77). In data and telex 
traffic the call intervals and occupation times 
both are rather far from exponential distri-
bution (€ - 1.70 ••• 6.13). However, the daily • 
~ean durations are comparatively stable. The 
inference can be drawn from this that in respect 
of telex or data traffic no exponential model 
can be ~pplied but that the call interval dis
tribution in telephone traffic is exponential. 

We have previously demonstrated /8, 11/ that 
the intensity distribution is not Poisson-dis
tributed except in special ~nstances (with 
Poisson distribution q - s I~ - 1). The same 
observation may also be made from Tables 
1b ••• 4b for different forms of traffic (q -
0.60 ••• 1.72). The results in these tables 
ref~rrto the busy period from 8 a.m. to 4 p.m., 
because there is no distinct busy hour on these 
routes. Since the busy period traffic is rather 
generally normally distributed and symmetrival 
over the entire range of distribution /11/, the 
N(x,s) model can be used in dimensioning. In 
the case of such small routes and such a short 
period of measurement (4-5 days) it is better 
to use the entire distribution, not only its 
upper part. It would thus be well to employ in 

• 
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the dimensioning of special routes, the Weibull 
distribution model • 
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Fig. 5 Traffic distributions on a Weibull 
paper 

In Fig. 5, the fitting of the telephone, telex 
and data traffic to Weibull distribution has 
been shown on Weibull chart paper, in terms of 
x- 1 functions. It can be seen that the straight 
lines can be well fitted in the highest distri
bution range. The straight line follows accu
rately the upper part of the distribution, and 
it is thus possible with the aid of Weibull 
distribution to accomplish accurate dimension
ing consistent with the actual blocking. 
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Fig. 6 Data traffic intensity 

In Fig. 6 there has been shown as an example, 
from the period of one week, the traffic inten
sity on a data route at different hours of the 
day. There is no true busy hour, and all days 
are different. For this reason the traffic on 
.data traffic routes has to be measured over 
long periods and at all hours of the day. The 
We1bull model or the normal model, applied in 
the manner shown in chapter 3, offers a good 
basis for dimensioning. 

5. CONTROL OF TELEPHONE TRAFFIC 

The problems associated with traffic routing 
and control are simpler in a national network 
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as a rule than in the international network. 
The share of data traffic is small so far, but 
in the course of its increase it will be nec
essary to take its special features into account. 
Traffic prediction is easier on national than 
on international level; it is primarily based 
on the assumed changes of the number of sub
scribers. Extension of the traffic routes is 
performed by steps, and the optimum interval 
between enlargements is a question of costs. 
Performing of the requisite enlargements at 
their proper time enables desired service level 
to be maintained. 

In order to gain a true idea of the level of 
service in a given network, we have to check 
on calls made by subscribers and to make check 
calls. The following is a report on a study made 
in the course of two weeks and in which an auto
matic device was employed to observe the direc
tion of calls and their successful completion/10/, 
as well as to determine the call durations and 
to control the charging. The calls going into 
various parts of the country were divided into 
four groups: special calls (e.g. service exten
sions), local calls, regional network calls, 
and trunk calls. The results have been compiled 
in fable 5, from which it can be seen that the 
percentage of successful call completion is 
usually between 50 and 70 %. The parameters of 
call duration distribution stated in the table 
support the observation made before, that the 
call lengths are not exponentially distributed. 

Number of checked calls (106 ), 
of which 
1. Calls put through correctly 
2. Mistakes made by callers 

1. Calls put through correctly 
Normal connections: 
- Reply received from number 

dialled 
- Number engaged 
- Number rang but no reply 

Technical failures: 
- Incomplete connection 
- Connection to wrong number 

Traffic blocking 

2. Mistakes made by callers 
- Caller failed to dial full 

number 
- Caller dialled wrong number 

88.4 

11.6 

100 % 

76 

-.9.8 % 

0.31 

0.0.9 
0.4Q~ 

1.8 % 

6.4 

11.6 % 

Table C Traffic quality (years 1960-69, 10b 
calls) 

Table C contains ·statistical data illustrating 
the quality level of traffic, as means over a 
period of 10 years in Helsinki /13/. These 
statistics reveal that about 67 % of the calls 
result in conversation with the desired sub
sriber. It follows that the traffic process 
includes a great number of calls (33 %) which 



do not lead to desired result and which there
fore may cause repeated calls. The commonest 
causes responsible for failure of the call are 
errors commit'ted by the A subscriber (12 %) 
and busy line of the B subscriber (14 %) or his 
failure to answer (5~6 %). Failures are also . 
caused by route blocks and by the limited 
handling capacity of the exchange equipment. ' 
The latt,r circumstance restricts the rate of 
increases in traffic and thereby causes call 
blocks. 

In order to clarify the service level, 
the telephone company should follow the progress 
of calls by listening in on calls in a number of 
cases equivalent, over the period of one year, 
to the number of sugscribers. In addition, 
check calls are indicated in a number greater 
than this. 

In order that the errors occurring in the prog
noses might be corrected in good time, it is 
necessary that the traffic in~ensity is meas- . 
ured frequently enough.' A method, simpler and 
less expensive than conventional traffic meas
urement, of following the fluctuations in 
trafrfc is observation of the aggregated traffic 
peak durations /14, 15/. The aggregated dura
tion of states exceeding the state of occupation 
Xo with reference to the control period is 
Q(xo) • 1 - F(xo)' for which the following 
expression is valid: 

(16) 
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Fig. 7 Correlation between 1 - F(xo) and x6H 

In Fig. 7, daily values of Q(xo)' measured for 
Xo • 17, have been shown for the period of one 
year. It can be seen that especially at high 
values of 1 - F(xo) correlation exists with 
the traffic mean x6H • Continuous measurement 
of the traffic peak duration is thus able to 
reveal changes in the trend of traffic and to 
detect unexpected traffic peaks. 

Actual measurements aiming at dimensioning are 
only carried out when, on the strength of 
control observations, the traffic intenSity is 
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high enough to make this advisable. Control 
of time blocking and call blocking has the • 
drawback, compared to following of Q(x ), that 
these blockings tell nothing at small ~alues 
of traffic, ~hile they are excessively sensi-
tive at high traffic rates . 

6. CONCLUSIONS 

It has been shown in the foregoi ng that there 
is no busy hour in telex and data traffic; and 
that the times are not exponentially distri
buted. Also it has been shown that the traffic 
is not Poisson-distributed even if the call 
interval distributions were exponential. 

Traffic measurements should be continuous, and 
the measurement data should be dispatched fre
quently enough to traffic routing centers where 
on the strength of the traffic data the deci
sions concerning traffic routing are made. 
In the course of increasing special .traffic it 
seems likely that in the future one will come 
close to the situation that even for deter
mining the route of a single call one has to 
perform, on the basis of available traffic data, 
simulation of the connection and, on the strength 
of the result of this trial, to determine the 
appropriate routing. • REFERENCES 
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TABLE 1a. -TELEPHONE TRAFFIC, TIME PARAMETERS (Time unit 0.1 sec.) 

INTERARRIVAL TIMES OCCUPATION TIMES 
DATE .. 

AMOUNT l' Inee. f3 m f! € 'r InOG fj m a E: 
4.2.1970 1901 2 4.30 0.939 114 118 2.07 -107 6:52 0.874 1844 2360 2.64 
5.2.1970 2074 1 4.26 0.946 104 110 2.12 - 95 5.81 0.791 1756 2338 2.77 
6.2.1970 1978 3 4.16 0.921 109 115 2.19 - 89 6.12 0.831 1728 2165 2.57 

10.2.1970 1856 1 4.66 1.003 116 114 1.96 -107 6.40 0.857 1899 2403 2.60 

Dan 1952 1.75 4.35 0.952 111 114 2.07 -99.5 6.21 0.838 1807 2317 2.64 

TABLE 2a. CONVERSATION TRAFFIC, TIME PARAMETERS (Time unit 0.1 sec.) 

INTERARRIVAL TIMES CONVERSATION TIMES 
DATE 

AMOUNT '/' In eo<. f3 m a E- t InoG /!J m a €. 
4.2.1970 1537 3 4. '59 0.962 136 134 1.97 -68 7~22 0.950 2069 2416 2.36 
5.2.1970 1500 5 4.58 0.953 144 1~9 2.07 - 20 7.26 0.949 2231 2450 2.21 

6.2.1970 1623 4 4.49 0.949 133 133 2.00 - 66 6.86 0.909 2025 2460 2.48 

. 1~~2.1970 1500 5 4.85 1.003 144 133 1.85 - 39 7.21 0.942 2279 2427 2.13 

Mean - 1553 4.25 4.63 0.967 139 137 1.97 -48.3 7.14 0.938 2151 2438 2.28 

TABLE 3a. DATA TRAFFIC, TIME P AR.AMETERS:~(T.:::..:un::;;:· ::.;e~un=i~t....;;.,_0:::;.:.:...1~s~e~c.:.. ~) 

INTERARRIVAL \TIMES OCCUPATION TIMES 
DATA 

't In<i, (J m a €. 't' In !3 m a f.. 
23.2.1970 71 4.68 0.683 1397 2451 4.08 -325 10.9 1.330 3187 2674 1.70 
24.2.1970 ', 55 4.16 0.594 1917 3844 5.02 -47 7:'75. 0.921 5637 7440 2.74 
25.2.1970 143 5.71 0.809 1721 3899 6.13 584 8.09 1.022 3495 3178 1.83 
26.2.1970 141 4.46 0.644 1699 3319 4.82 382 7.79 0.971 3960 5521 2.94 : 
27.2.1970 58 4.51 0.642 1728 2964 3.94 205 7.85 0.977 3886 6197 3.54 

Mean 93.6 4.70 0.674 1692 3295 4.79 159.8 8.48 1.044 4033 5002 2.54 
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TABLE 4a. TELEX TRAFFIC, TIME PARAMETERS (Time unit 0.1 sec.) • INTERARRIVAL TIMES OCCUPATION TIMES 
DATA 

~ IncX, (J, m -er E. 'f' In 0(, (j m er £, 

4.3.1970 7 3.22 0.751 103 153 3.21 41 3.73 0.613 725 1198 3.73 
' 5.3.1970 8 3.16 0.718 119 203 3.91 44 4.23 0.676 772 1162 3.27 
6.3.1970 8 3.12 0.701 129 207 3.57 41 4.13 0.657 817 1328 3.64 
9.3.1970 8 3.26 0.733 124 189 3.32 52 3.93 0.628 835 1335 3.56 

10.3.1970 7 3.28 0.748 114 182 3.55 36 4.12 0.652 834 1242 3.22 

Mean 7.6 3.21 0.730 118 187 3.51 42.8 4.03 0.645 796 1253 3.47 

, 

TABLE 1b. TELEPHONE TRAFFIC INTENSITY TABLE 3b. DATA TRAFFIC INTENSITY 

DATE t In~ ~ x s q DATE ')' In 0<.. fo x s q 

4.2.1970 7 7.45 3.05 18.4 3.80 0.784 23.2.1970 -1 1.50 1.25 2.26 1.77 1.39 
5.2.1970 4 11.6 4.17 19.5 3.81 0.747 
6.2.1970 3 11.7 4.20 19.0 4.06 0.868 

24.2.1970 -1 1.25 0.70 2.78 2.08 1.56 
25.2.1970 -1 1.25 1.25 1.88 1.66 1.46 • 10.2.1970 6 11.1 4.15 19.6 3.43 0.603 26.2.1970 -1 2.08 1.65 2.50 1.62 1.05 

Mean 5 10.5 3.89 19.1 3.78 0.751 27.2.1970 -1 1.30 1.08 2.25 1.89 1.59 

Mean -1 1.48 1.18 2.33 1.80 1.41 

TABLE 2b. CONVERSATION TRAFFIC INTENSITY TABLE 4b. TELEX TRAFFIC INTENSITY 

DATE t InoC (3 x s q DATE 'r InOG fJ x s q 

4.2.1970 4 8.50 3.43 15.4 3.60 0.844 4.3.1970 -1 6.10 2.81 -7.39 3.53 1.69 
5.2.1970 0 13.8 5.00 15.8 3.44 0.748 5.3.1970 -1 5.20 2.51 6.49 3.33 1.71 
6.2.1970 1 11.5 4.28 15.4 3.57 0.831 6.3.1970 -1 5.38 2.65 6.31 3.29 1.72 

10.2.1970 3 11.6 4.47 16.4 3.24 0.644 9.3.1970 -1 5.59 2.70 6.74 3.37 1.68 

Mean 2 11.4 4.30 15.7 3.46 0.767 10.3.1970 -1 6.82 3.11 7.36 3.55 1.72 

Mean -1 5.70 2.76 6.86 3.41 1.70 

TABLE 5. CLASSIFICATION OF CALLS FROM A TWO WEEKS' SAMPLE 

Special service Local calls Net group Long distance Calls 
calls calJ.s calls together 

Number of call attempts 220 258-3 180 357 3340 
Number of calls 209 1629 97 219 2154 
Number of calls [%J 95.0 63.0 53.9 61.4 64.5 

m fsec~ 61.4 177.7 224.9 209.8 171.8 
er sec.] 102.6 221.3 249.6 241.0 219.6 

e 3.76 2.55 2.23 2.32 2.64 
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Annex 1. Weibull (W), Rayleigh (R) and · exponential (E) formulae • 

No. 

w 1 

R 2 

E 3 

W 10 

V! 11 

W 12 

R 13 

E 14 

W 15 

W 16 

E 17 

F(t) 

1 _ e - (t - t f lex... 

t 
-~ 

1 - e 

00 

J Q(t)dt 
@(t)::.-.t __ _ 

00 

J Q(t)dt 
o 

where 

Q(t) :: 1 - F(t) 

Cjp (t) 

0< p< n 

w 18 p = n 

R 

E 20 

w 21 

E 22 O<:p<:n 

23 

No. 

4 

5 

6 

f(t) = FI (t) No. f(t ~ h(t) = 1 _ Ft) 

(3 
B ( _ "') ~ - 1 e- ( t -!) 10(. 

fc;;: t c 7 

a) 

b) 

c) 

c) 

c) 

- 1 t 
e 0( 

t 1 - ----,1,.;:-----

"'l + do. ~ (3-1 r(1 1(3) 

8 

9 1 
0(. 

'i :: 0 

t ~ 0 

~2(m) 
0.5 m (1 + --r) , ,/1 0; 0.5 me ;'1= 0 (formulae (5) 

m - (7» 

e C t)p - 1 [my B( t) + P Q (t ) ) 
p + my 

_p i 
e OG 

[

1 _ rC1//3 , ~ t(3)] n-1 

r(1/(3 ) 

[1 -

e 

t -no<: 

t(3 
-OG' 

e '1 = 0 

t~o 

€lC )p-1 J e-ytt [my e(t) + pQ (t) p - my 

QO 

, m = J ~(t)dt 
o 

-(y + ~)t 
e 

1 , for p = 0; y 

532/9 

1 

Y + 1: 
ID 

, for o <p <n; ID n ,for p = n 


