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ABSTRACT 

The task of routine traffic measurements is firstly to 
check if the traffic needs are satisfied at the moment, 
and secondly to give a basis for estimations concerning 
t he future developnent of the t raffic and for plans to 
increase the number of lines in order to satisfy future 
de mands, too. 

This pres entation is a study of the error components 
inevi t ably occurring in traffic measurements, in basic 
data for prognosis and in pl anned operations, in relation 
to t he real need for lines, defined by the grade of 
service aimed at, but not visible until later. 

With examples based on statistics and special practical 
s t udies it is shown which error components, if reduced, 
primarily have the most significant effect economically. 

This examination gives some guidelines as to the choice 
of measuring methods sufficiently qualified for different 
cases. 

1 . THE AUGMENTATION PROCEDURE 

Traffic r outes have to be expanded as the traffic grows • 
The time for the augmentation is when the traffic has 
reached a nominal traffic value corresponding to the 
grade-of -service objective fixed for each route. The 
size of the augmentation is chosen on the basis of 
optimation calculations or thumb rules derived from 
these. In practice, this may mean a provision period 
of 2 to 4 years. The augmentation procedure vd th 
preparations, material acquisitions, tests and 
introductions takes a long time, e.g. 1 to 3 years. 
Usually the decision to augment a certain route has to 
be made that much in advance. The choice of the time 
and size of the plant addition is thus based, not only 
on measur ed traffic values, but also on their estimated 
::! hanges. 

The measurement results always contain a number of 
errors t he magnitude of which is estimable with a certain 
80nfidence. The intensity fluctuations of traffic add 
to the unrealiability, and forecasting brings along new 
uncertainty factors. Thus the traffic value which 
orig inally was estimated to be the determinant of the 
time of augmentation, actually deviates from it with an 
estimable probability. The uncertainty factors can be 
compensated by scheduling the augmentation to be 
comple t ed a fixed period in advance, e.g. 12 months 
be fore the estimated need. This schematic procedure, 
however, leads to an unnecessarily early augmentation 
of routes growing fast, and often to a delayed 
augmentation of routes growing slowly. 

The wanted service level with characteristic investment 
costs, the measuring methods with measurement costs, 
and the forecasting methods, all these together with 
their risks of error make up a whole the optimum of 
which is aimed at. Although a mathematically complete 
optimation system will become unreasonably complicated, 
the observation can include a comparison between the 
various components, as well as a scrutiny of the 
appropriateness of the mutual ratios of the error 
factors • 
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The effect of traffic income losses or the value of the 
subscriber's time on the choice of augmentation time 
will not be taken into account in this paper, but the 
sought blocking is regarded as the fixed objective given 
before. The size of each augmentation which determines 
how often there will occur a risk of "no lines", will 
not be dea~t with, either. 

2. SERVICE LEVEL AND NOMINAL BLOCKING AS OBJECTIVES 

From the subscriber's point of view, the service capaCity 
of a traffic route depends on the number of lines, the 
grading between the switches, and the actual traffic 
situation. In practice, the subscribers meet blocking 
in routes with growing traffic mostly during a short 
period before those routes are augmented. The grade-of
service objectives, standards, are therefore aimed at 
that particular period. In order to facilitate his 
operations, the traffic engineer of an operating organi
sation is given a few auxiliary guidelines like various 
definitions of peak traffic value and permitted nominal 
blocking. The call blocking is equal to the nominal 
blocking if the traffic offered follows the "ideal" 
rules characteristic of a Poisson-process. 

In local telephone traffic, a rather low value is usually 
given to the blocking objective B , e.g. B = 1 %. This 
is but a fraction of call attemptg failed ?or other 
reasons. 

t 
A 

Tx t
Fig. 1. Augmentation procedure at time T based on 
forecast without deviation x 

If a traffic route is planned to be augmented at a 
moment when the expected value of the traffic, in the 
forecast, reaches the limit of 1 % nominal blocking, 
50 % of the routes will exceed the permitted nominal 
blocking before the augmentation is completed. Here, no 
standpoint is taken to how reliable the initial data and 
forecasts are considered to be. But if, on the other 
hand, the blocking objective is meant to denote the 
blocking permitted on each separate route before an 
augmentation, a different kind of procedure has to be 
applied, namely one comprising in the nominal blocking 
all the risks incorporated with traffic planning. 

From the subscriber's point of view, it is of course 
of no importance if he meets an average blocking of 1 % 
because the traffic engineer has been using a table of 
1 % nominal blocking when calculating the lines, or 
because 1 % of the route forecasts are very incorrect. 
If 1 % nominal blocking is intended to indicate that, . 
before an augmentation procedure, on an average every 
hundredth call is blocked, the nominal blocking has to 
be divided ntwo parts: e.g. every two hundredth call 
is blocked due to line dimensioning, and on one route 
out of 200 the traffic exceeds the fixed values to an 
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unknown extent. The dimensioning will then be based on 
a 0.5 % blocking and a 99 % reliability limit in the 
forecasts. An even more accurate division could be 
optimated, but has no practical significance. 

t 
A 

Fig. 2. Augmentation process when the forecast has a 
deviation . 

Example: B = 1 %, 
o 

1 - S Bo 
P~ = - 2- =2 = 0.5 %, Pr = 50 % 

The need to augment is put earlier by the time /:) T 
if, instead of allowing the blocking to exceed the 
nominal blocking in every other case (time Tx)' the 
permitted total risk is considered to be fixed equal 
with the nominal blocking ( time T'). The augmentation 
is then carried out for a trafficxwhich is larger by 
the dispersion reserve ,~ A and for a smaller nominal 
blocking. 

If the augmentations of several routes are much delayed 
and the number of lines thus remains small due to lack 
of material and manpower or due to inaccurate forecasts, 
control of the situation can be obtained by fixing a 
larger temporary blocking objective, e.g. fivefold, as 
an intermediary goal. Then the shortages will be divided 
evenly over the whole network . 

The nominal bbcking ' can be given a low value to enable 
the use of a larger number of lines hereby produced 
for compensating the errors in measurements and forecasts. 
It can be proved that this also happens almost totally 
in a good traffic measurement system. But the 
compensation of errors in forecasts will again not be 
successful, because the traffic grows differently in 
different routes. 

3. LEVELS OF SIMPLIFICATION OF THE TRAFFIC 

Traffic phenomena can be presented simplified on various 
levels which each have their characteristic measurements. 
As far as actual proceedings are concerned, the 
forecastability of these data varies greatly. 

While the subscribers make and end calls, the switches 
are occupied and released. This is the lowest observation 
level, level 1. (Fig. 3.) Observing the calls circuit 
by circuit gives a good picture of how the traffic 
flows, of the condition of the circuits, of how the 
call duration is divided etc. (level 2). On level 3, 
a traffic profile can be formed, i.e. the sum of calls 
at each moment. The information on separate calls and 
lines has been lost intentionally, but the changes in 
the load situation are clearly visible. 

One can immediately spot the time and duration of the 
risk for call blocking. Leval 4 reveals the load 
distribution or the probabilities of varying numbers 
of lines being occupied, but looses the information on 
fluctuations at each point in time. Level 5 is 
obtained by replacing the distributions with a number 
of corresponding characteristics like mean value, 
standard deviation, time blocking, probability of a 
certain number of busy lines being exceeded, etc. 
Level 6 is a simplification with one characteristic 
only, most often the mean value. 
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Fig. 3. Levels of simplification of traffic: 

y 

6. 

1. Calls and conversations from individual subscribers, 
2. how the various lines are occupied, 3. profile of 
occupations, 4. distribution of occupations, 5. some 
characteristic figures (mean value, standard deviation, 
probability of capacity being exceeded, time blocking), 
and 6. mean value 

Measurement results can be simplified by successive 
manipulations, and so one ;an move from one level to 
another. It is not possible to move in the opposite 
direction - at most in situations resembling a 
catastrophe this can give a hint. For instance, a 
sudden drop in the mean value can arouse suspicion that 
there is a faulty group of lines somewhere. From the 
traffic engineer's point of view, it is not only 
important that various phenomena can be measured, of 
particular significance is that they show a regularity 
on the basis of which the future development can be 
estimated. 

Theoretical research has generally concentrated on the 
characteristics of the uppermost levels, like the 
dependencies of the mean value on the other characteris
tics. The modern advanced data . processing offers 
possibilities to control also the levels 2 and 3 in a 
routine manner and at reasonable costs. The same data 
processing equipment can then be programmed to give 
output on the upper levels, too . 

The call blocking is obtainable directly from blocking 
meters on level 2. In some instances when the lines of 
separate subscribers are overloaded, the subscriberwise 
study of level 1 is also important. The mean value is 
useful, being fairly well proportional to the number of 
subscribers, and thus its future growth can be estimated. 
This is not possible in the vase of the unlinear 
quantities of the lower levels but when using the 
easily forecastable mean value as basis. 

4. VARIOUS TRAFFIC INTENSITY MEASUREMENTS 

4.1. Traffic intensity measurements are carried out in 
laboratory-like conditions in order to check the 
traffic handling capacity of some switching configuration 
too complex to be calculated as such. In this case the 
traffic is generated in a simulator or by a computer j 
it is ideal, and the call interval and call duration 
distributions are known excactly . The confidence 
intervals of a traffic intenSity measurement in a 
stationary process are computable with a desired 
reliability. The measurement error can be made as small 
as desired by prolonging the measurement time. In the 
case of a Poisson-process, the traffic volume M to be 
measured is a function of the mean holding time Tc' the 
required confidence S and the desired relative deviation 
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(1) 

~(S) means those multiples of the deviation inside 
which the desired statistical confidence S will remain. 

Table I. Traffic volume M (in erlang hours) to be 
measured, calculated as shown in eq. (1), at varying 
accuracy requirements 

~ 0,80 0,90 0,95 0,98 0,99 

,W/Y 

0,2 2,7 4,5 6,4 9,0 11,1 
0,1 10,9 18,0 25,6 36,1 44,2 
0,05 43,7 72,2 102 144 177 
0,02 273 451 640 901 1106 
0,01 1092 1804 2560 3606 4424 

I 
I 

I 
I 

I 
In the sampling method where the number of occupied 
lines is counted at regular intervals~ , the tolerance 
is /1/: 

A(SN ~"y f(o<.). 

" where f(oc.) -0( e + 1 _ 
- ~-

where A = r /Tc ; T = observation time. 

(2) 

The sampling method causes an additional relative error 
with a magnitude of 

~Y' ~V ~-1 (4) 

This error is insignificant as long as T < T • c 

Table II. Additional relative error in traffic measure
ments, caused by sampling. 

- I 0,1 0,5 1 1 2 3 4 5 
~ 

f(A) 12,00 2,04 : 2,16 2,63 3,32 4,15 5,1 
. j 

. I I I 

: ~Y' : 0,00 0,01 1 0 ,04 0,15 0,29 0,44 0,60 
L-_ __ ____ 

Table Ill. Various measuring methods and purposes 

Method l. 

Purpose of measurement To find out the traffic 
capaCity of a given 
switching configuration 

1=----=-::-:-- - - --- -. ---.- -
Traffic quality and Idealized; call interval and 
measurement method conversation distributions 

given; equilibrium stationar~ 
to be computed or simulated 

Typical error Following the Poisson-
process 

- -_. -
Means of reducing error Prolonged measurement time 

Other factors I 
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E.g. when operating with a confidence level of 95 %, the 
relative deviation in a 100 Erlh measurement will be 
equal to the additional relative error caused by 
sampling with intervals equalling the mean call duration. 

4.2. When measuring the traffic in an existing route, 
some additional errors appear caused by the facts that 
the traffic is not stationary, and that the call intervall 
and call duration distributions are unknown. Congestion 
gives rise to renewed calls . In order to avoid these 
drawbacks, the measurement time has been prolonged to 
comprise several whole days or weeks, even a year. 
To prevent small traffic values from having a decreasing 
effect on the mean value, the busy hour has been defined 
to include peak traffic values selected in a certain way 
/2/. This requires a rather complete automatic measuring 
equipment. When the measuring time is long, the results 
and eventual actions will be delayed and the contents 
of the results become obscure. In more simple 
measurements of a shorter time, e.g. two weeks, the 
results are obtained quicker, but they leave an 
uncertainty as to the representativeness of the busy 
hour given by the measurement results considering the 
whole year. The busy hour does not appear in the same 
season from year to year, nor at the same time of the 
day, since many random factors occurring in the society 
regulate the need for making telephone calls. 

4.3. However the basis for the measurements may be 
defined, at a certain stage the gathering of additional 
results must be interrupted and decisions made on the 
basis of the information already obtained. 

If the forecasting process is commenced by extrapol ating 
on the basis of the time sequence of measured traffic 
values using a suitable mathematical model, then the 
extrapolating will only contain the information already 
found in the measurable traffic rtensty. Those phenomena 
again, the effect of which cannot be ascertained until 
in the future, or which are changing, can better be 
taken into account by dividing the traffic into 
components: 

number of connections and 
traffic per connection or characteristic traffic 

Both components have a time sequence and a forecast of 
their own. In local telephone networks it is then 
possible to regard an exceptional future house building 
activity as prospective subscribers or an increasing 
demand for a new subscriber facility as a change in the 
characteristic traffic. 

The smaller the route is, the more do the peak traffic 
values differ from the mean value proportionally. Thus 
the busy hour also keeps changing more easily, both in 
terms of time and relative magnitude, adding to the 
uncertainty. The relation of the busy-hour value to the 
entire traffic volume may change in the future as e.g • 
generally applied working hours or cheap night tariffs 
for long-distance calls are changed /5/. These changes 
can be reckoned with in the forecast concerning 
characteristic traffic if it is known how the traffic 
profile varies during the 24 hours of the day in a route 
to be examined. 

Method 2. Method 3 . 
the existing route When does the capacity of 
the requirements the route become used up 

and augmentation is 
necessary ._------ -Distributions unknown, Also, forecast of growth 

unstable. Busy hour to be in subscriber amount 
defined 

Also, uncertainty of busy Also, errors in forecast 
hour being discovered of connections and stability 

of characteristic traffic -- -- -
Also, peak values selected Developing of forecasts 

._- --- - -
When measurement time is Busy-hour location varies 
prolonged, results will be with i.a. changes in working 
delayed and their contents hours; delays in material 
become obscure and installation delivery 
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Much attention has often been paid to the accuracy of 
short-time simulation measurements. Other error factors 
connected with the augmentation process are, however, 
generally of a much greater significance. 

5. FORECAST OF GROWTH IN SUBSCRIBERS AMOUNT 

A number of various factors are known to affect the 
growth in subscriber amount. It may not yet have 
succeeded anywhere to explain the growth recorded in 
different countries at different times and under 
different social circumstances by one and the same 
mathematical model. But in a smaller area it may 
actually be possible to compile time sequences from 
which the influencing factors can be detected. 

Annex 1 gives the results of a regression analysis 
carried out in conditions where subscribers pay a 
comparatively high initial fee but where the delivery 
times of new connections are short. Waiting times have 
consequently not curbed the demand. In growth forecasts 
covering one year it has been possible to come up to a 
total accuracy of 1 % of the whole subscriber amount 
in large subscriber groups (400,000), while in small 
groups or separate exchanges the uncertainty can be 
expressed in terms of several percent. 

Ac cording to Annex 2, a forecasting accuracy of 2 ••• 4 % 
o~e year ahead was reached with a confidence of 99 % in 
exchanges of nearly 10,000 connections, and three 
years ahead the accuracy was 4 ... 7 %. The forecasting 
accuracy is considerably poorer in smaller exchanges. 

The forecasting accuracies presented here can be 
considered to be excellent. They can only be achieved 
in stable conditions with advanced systems for procuring 
and processing data. Without such systems, the accuracies 
will be much poorer. 

If again an operating organization has exchanges or 
cables filled up, and there are customers waiting, the 
increase in the number of connections is no more a 
result of the subscribers' initiatives, which there 
already is an abundance of, but of the organization's 
own decisions to augment. In this case the "forecast 
of demand" is replaced by the mere allocation of 
resources. 

6. FORECAST OF CHARACTERISTIC TRAFFIC 

The time sequence for characteristic traffic is obtained 
by dividing the measured traffic values by the corre
sponding number of connections . In a star network this 
means those subscribers who have access to the 
international level through the route in question. The 
values of characteristic traffic contain traffic 
measurement errors and disturbances caused by shifting 
busy hours. 

+ 
A 

o 2 3 4 t-
Fig. 4. Forecast built up as a sequence by placing one 
after another the calculated distribution elements 
contained in recorded annual changes. 

Fig. 5 shows the characteristic traffic on four routes, 
calculated from values measured during the busy hour 
twice a year separately. Although the busy hour may in 
the spring be more intensive than in the autumn, or vice 
versa, during a period of several years, it may shift 
without any apparent reason. The deviations in 
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characteristic traffic are distinctly greater than the 
measurement error of an ideal Poisson-process. The 
extra deviation can be explained from the traffic 
intensity fluctuations . 

The forecast of characteristic traffic is made by 
applying a mathematical model and the least squares 
method. A linear growth model is suitable in most 
cases, because it changes only slightly during the 
provision period. 

The last observation value which is considered to be 
accurate, forms the basis for the forecast. The 
distribution of the forecast for the first year is 
obtained by adding to this observation value the mean 
growth each year together with its distribution which 
is assumed to be normal . Fig. 4. Each of the points 
in the first-year forecast distribution forms the 
starting point for the subsequent process of changes 
with respective probabilities. Multiplying these 
probabilities by each other point by point shows that 
the expected value of a forecast compiled as a sequence 
like this, corresponds to a straight line drawn through 
the initial and terminal points of the existing curve. 
In subsequent years the forecast distribution also turns 
out to be normal with a standard deviation proportional 
to the first-year deviation and to the square root of 
the number of time units covered by the forecast. The 
values characterizing the different seasons of the year 

~Erl 
conn. 

32 
30 
28 
26 

·24 
22 
20 
18 
16 

1965 1970 1975 1980 
+ 

mErl 
oonn. 

24 
22 

20 
18 
16 
14 
12 
10 

8 1965 1970 1975 1980 
Fig. 5. Charaoteristio traffio of an exchange measured 
separately for spring and autumn busy times during a 
period of two weeks in both directions, and forecast 
with 95 % confidence limits 

(upper fig.) urban exchange increased from 7,500 to 
10,400 subscribers (Poissonian error less than 0.1 rnErl/ 
subscriber with 95 % confidence) 

(lower fig.) rural exchange group increased from 900 to 
2,300 subscribers (at the beginning, measurement error 
was 0.6 rnErl/subscriber, at the end 0.2 rnErl/subscriber) 
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can each be forecast separately, which generally reduces 
the forecast deviation by more than half of what the 
final outcome would be, if the measurement results for 
spring and autumn were regarded as one single time 
sequence. 

7. TOTAL ERROR 

The confidence limits and tolerances of the various 
quantities result in a certain forecast deviation. 
Below, this joint influence will be created by assuming 
that the deviation of the quantities from the expected 
value follows the normal distribution. 

The following symbols will be used: 

random deviation mean value 
variable 

number of connections N SN mN 
measured traffic y Sy ffiy 
characteristic o(,=y/N S. m", = ffiy/mN traffic 
forecast traffic A SA m

A 

During the time covered by the forecast 

A ( t) = 0( ( t) N ( t) = «)Go + A ex. )( No + A N) 

AN 
= cXoNo + ot.oAN +1:#. No +_AN = Y +~ Y +A~No +A~N (5) 

o 

Here, Y and the ~-quantities are random variables. 

Using £. -quanti ties to denote the deviations of the 
random variables from their mean values, the equation 
gets the following form: 

1 
A(t) = ffiy + Ey + N (ryn~N + Eyn~N + ffiy£AN +£Y~N) + 

o 

Since the mean value of the E -quanti ties = 0, the 
equation can be written 

~N ffiy 
A( t) = mA + fy(l +~) + £~(No + mAN) + EAN(m-. +T + 
E£.o 

+ ~ +EbNE ... 
o 

where the mean value (expected value) is 
ffiymm 

mA= ffiy + -N- + Nom.6oc. + m~~AaC. (6) 
o 

As counterparts of the terms appearing in the sum, are 
the following traffic sources: 1. existing connections, 
2. new connections, 3. change in the characteristic 
traffic of existing connections, and 4. change in the 
characteristic traffic of new connetions. 

The measurement error' is divided in two: £ is 
caused by the random nature of traffic, e.g. t~e Boisson
type birth-and-death process. £. is caused by fluctu
ations in the traffic (e.g. busy~hour value and busy
hour location). If Em and tv are independent, we have 

222 ey = Em + fv and Sy = sm + Sv 

Phe Substitution of forecast 

t mAN mADe, SAN 

1 466 0,2 108 

4 1864 0,8 216 

9 4194 1,8 324 

ITC8 

values Computed 
s m

A ~ 

0,7 109,2 Erl 

1,4 1)8,1 

2,1 189,9 

values 

SA 

Assuming that the random variables are independent, we 
get the variances 

2 2 2 m4N 2 2 2 
sA = (sm + Sv ) (1 +~) + ~ (No + mAN) + 

2 m 2 s gAN 2 2 
+ SAN (mACIC. +-/-1 + (~ + (sAtlAo(') (7) 

o 0 

Here the terms in the sum have the following uncertainties 
as counterparts: 1. traffic measurements during the 
time covered by the forecast, 2. forecast of characteris
tic traffic, 3. forecast of connections, 4. joint 
influence of the forecast of connections and the 
measurements, and 5. joint influence of the forecasts 
of connections and characteristic traffic. 

If A is assumed to have a certain distribution, e.g. 
a normal distribution, the confidence limits are 
computable. 

Example: The situation in a local exchange in the 
outgoing direction is as follows; forecast period one 
year; busy hour computed from a two weeks measurement 
period 

N 5837 connections 
0 

~ 466 connections/year 

m 100 Erl y 
m .... = 0,2 mErl/connections/year 

SAN = 108 connections 

s 10 Erl y 
s ... = 0,7 mErl/connections/year 

It has been estimated that 80 % of the variance s 2 is 
explained by actual fluctuations in the traffic i~tensity 
and 20 % by measurement de~iciencies. An overwhelming 
portion of the variance SA of the short-time forecast 
is consequently a result of traffic fluctuations. 
The forecast period becoming prolonged, also other 
uncertainty factors begin to have an effect. By 
prolonging the measurement up to continuous, the deviation 
SA can be decreased in the 1, 4 and 9 years forecasts by 
9, 6 and 4 % respectively. 

Likewise it can be stated that in forecasts covering 
more than three years, the variance of the forecast of 
connections is greater than the one caused by 
fluctuations in the traffic intensity. 

8. C ONC UJSIONS 

The 1 % nominal blocking can be gained by choosing for 
the augmentation the moment when the traffic, 
corresponding to the number of lines built and the 
blocking being 0.5 %, is A +AA with confidence S = 99 %. 

The route is consequently planned to be augmented when 
the upper confidence limit already has reached half of 
the blocking objective, although the expected value will 
reach it later. Fig. 2. Accordingly it can be estimated 

Table IV. Linear forecasts of various lengths, according 
to the example; variances proportional to the mean 
values; corresponding values are put in the equations 
(6) (mA) and (7) (s~). The confidence limits computed 
by assuming that A rs a variable with normal distribu
tion. 

Tolerance at various confidences --------
s = 90 % 95 % 99 % 

11,8 Erl :19,4 Erl("!:18 % "!:23,2 Erl(-21%) "!:30,4 Erl("!:28 %) 

17.5 28,8 ( 21 34,3 ( 25 ) ~45,1 ( 33 ) 

27,9 45,9 ( 24 54,6 ( 29 ) :71.8 ()8 ) 
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Fig. 6. Traffic forecast in the example with confidence 
limits of 99 % and 90 %. 

at the planning stage that a portion An of the route 
capaci ty, corres pondi ng to an average traffic A A, will 
be "unused" . 

(8) 

The costs corresponding to ~n can be reduced by more 
efficient measuring and forecasting methods. But they 
cannot be reduced to zero as long as the blocking 
objective is fixed and the traffic intensity fluctuates. 

The total deviation of the forecast can be reduced by 
reducing the deviation of some of the factors. The 
standard deviations of uncorrela~ed random variables 
sum up geometrically, with the result that the greatest 
deviation term dominates. Strongly fluctuating traffic 
intensity weighs most regardi ng the errors, and the 
result cannot be improved to any noteworthy degree by 
developing the measurement method. 

Cheap lines can be mu ~h overdimensioned and often their 
traffic is not measured at a ll . This is generally the 
case e.g. on the internal routes of the subscriber 
stage, on the links between s\."i tches and on the internal 
routes of smal l local exchanges. 

On routes where the traffic growth is saturating and 
where there presumably will be an ample dimensioning 
for a long time, a complete traffic measurement 
procedure is unnecessarily expensive. Then a cheap 
control device /6/ gives a cue when the traffic load 
has exceeded a fixed value for a certain time. Even 
a rough traffic measurement, e .g. counting the number 
of busy lines every five minuts, is sufficient on small 
routes, provided that the respective extra error is 
taken into account in the dimensioning. 

If the exchange equipment is provided with an automatic 
control of line occupations for the detection of line 
faults (chapter 3, observation level 3), this control 
unit can also give information on the traffic intensity. 
Both this and the above mentioned control device can be 
used to give output on all peak traffic values, whether 
they fall on the busy hour defined beforehand or appear 
as quite separate peaks. 

Only in forecasts covering a f airly long time the 
deviation of a good forecast of connections exceeds the 
deviation associated with traffic intensity fluctuations 
and thus becomes most significant. The deviation of a 
forecast of connections made on uncertain data or in 
unstable conditions can, of course, be great already 
after a short time. 
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If the system of forecasting the demand for connections 
has weaknesses, there is no point in developing a good 
traffic measurement system. 

9. SUMMARY 

The information on which the decisions to augment certain 
traffic routes is based, contains a number of inevitable 
errors. Some of these can be made less significant, 
some cannot. By prolonging the measurement periods, 
the accuracy of traffic measurements can be improved. 
But a prolongation does not, however, improve the 
forecasting accuracy to any noteworthy degree after it 
has been ascertained that the annual busy time falls on 
the period to be measured. The other inevitable 
forecasting errors and natural traffic intensity 
fluctuations will form a greater error risk. In order 
to obtain the fixed blocking objective, the errors in 
the forecast deviation have to be compensated by a 
corresponding overdimensioning. Unless the deviations 
are reckoned with, the augmentation will be too late 
in half of the routes. If the deviations cause the 
route augmentations to be made unreasonably early, the 
blocking objective should be reconsidered and made more 
realistic. 

Final decisions to augment traffic routes are made on 
the basis of forecasts reaching far ahead. When it 
then later on is possible to measure the actual traffic 
values, it usually will be too late to change the 
augmentation projects. 
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Annex 1 

FACTORS INFLUENCING THE DEMAND FOR TELEPHONE CONNECTIONS. 
REGRESSION ANALYSIS MADE IN HELSINKI 

The concession area of the Helsinki Telephone Company 
consists of the capital of Finland with surroundings. 
The area comprising 3,700 square kilometres had in 1975 
a total of 892,000 inhabitants who had 382,510 telephone 
connections and 557,260 telephones. A person can join 
the company by buying a share which at this moment 
costs US $ 800,-. This is about half of the telephone 
equipment investments per subscriber. A share entitles 
to one telephone connection for which the subscriber 
pays an annual fee of US $ 30-,- for rent and maintenance, 
plus charges for telephone calls. No dividend is paid. 
The network and exchanges have sufficient capacity 
enabling the subscribers to be connected without waiting. 
Congestions in the network have been only temporary and 
they have been removed by route augmentations. The 
demand for connections has consequently not been 
affected by lack of service. 

A linear regression analysis of the demand for connections 
each year from 1960 to 1973 was made. The variable Z to 
be explained is the number of new connection orders, 
made by the subscribers at prices corresponding to the 
initial fees valid at each moment. The. explaining 
variables are obtainable or derivable from official 
statistics and forecasts. These are: 

Xl' Households without a telephone at the beginning of 
each year: the number of private connections has been 
subtracted from the number of households. The forecast 
of households without a telephone is made up from the 
population forecast, the forecast of the average size 
of the household, and the increase in connections in 
the previous years. 

X. House building activity: number of dwellings 
(60th multi-storey and detached) completed during the 
year. The future development is obtained from house 
building programmes, recorded by municipalities. 

X. Increase in the number of functionaries in the year 
t6 be examined: the number of employers, private 
enterprisers and functionaries is based on official 
records on business enterprises. 

X
4

• Purchasing power: inflation has been compensated 
by applying the ratio "average hourly earnings of an 
industry worker per the price of a telephone share". 

Annex 2 

GROWTH IN THE NUMBER OF CONNECTIONS IN AN EXCHANGE 

The Helsinki Telephone Company has applied the correla
tion method /3/ for forecasts regarding each exchange. 
In this method, the connection growth corresponding to 
house building activity and the increase in connection 
density in existing dwellings have been joined together 
with the recorded data of connections to form a forecast. 

Forecasts compiled in this manner have in the local 
city exchanges deviated from the actual development a~ 
shown below. 

XS' Increase in the number of connections in the 
preceding year. 

X6 • News leak: The price of a share is important 
enough for the public to be aware of changes in it -
particularly as there have been relatively few but 
substantial changes. If the news of a rise has become 
public in advance - either deliberately or indeliberately 
- there has been a rush for shares. The significance of 
this factor could clearly be proved in the regression 
analysis. The factor was eliminated from the final 
equation, since in the future the Telephone Company 
intends to prevent such news from leaking out. 

The weight of each explaining variable is revealed by 
its correlation (r) to the quantity to be explained and 
by the value t of the regression coefficient. These 
are: 

Xl r = - 0,602 t = 1,96 
X2 + 0,618 2,50 
X3 0,805 3,44 
x4 0,307 - 0,64 
X5 0,413 0,87 
x6 0,609 2,01 
Total 0,987 

The final model has been made by testing how much worse 
the joint correlation coefficient (value F) would be 
if ·one explaining variable at the time were left out. 
This method proved· the variables Xl, X3 and X5 to be 
weak. 

This yields the following formula (without x6): 

6 
Z = 0,47X2 + 4,32 • 10 X4 - 3716 

+ The calculated to*erance is - 6,400 connections with 
99 %+confidence, - 4,400 connections with 95 % confidence, 
and - 3,600 connections with 90 % confidence. The annual 
growth being 2O,00~ connec$ions, this+corresponds to a 
relative error of - 32 %, - 22 % and - 18 % in the growth, 
respective~y, whe~eas the err~r regarding the total 
number is - 7 %, - 1.2 % and - 0.9 %, respectively. 

Example. In 1974, the increase in the number of 
dwellings was X2 = 1\,530 and the working hours needed 
to buy one share, X4- was 227.6 h/share. This yields an 
increase of connections 2 = 22,093. The recorded 
increase being 23,664, gives a forecast error of Z = 

1,571. The relative error is thus 6.0 % of the growth 
and 0.43 % of the total number of connections • 

Until 1970, the forecasts were made manually. 
Computerization was introduced in 1971. 

The relative errors have become smaller as methods have 
advanced. Nowadays the deviation seems to be about 60 % 
from the growth in forecasts covering both one and three 
years. By assuming the deviation to be normal, on the 
reliability+levels o! 90 %, 95 %+and 99 %, the confidence 
limits are - 3.5 %, - 4.2 % and - 5.6 %, respectively. 

Year Connections !\verage size Recorded growth Forecast growth for Sums of differences between recorded and 
on Dec. 31 ::>f exchange of all exchanges period of forecast growths, in relation to 

::>n Dec. 31 p.a. % p.a. 1 year 3 years the growth in the total amount in 
1 year 3 years 1 year 3 years 

1----
7
--717 

~---- - - -.- - . -- .. - - - - .---
! 1969 

! 

200 645 8 890 4,4 11 477 36 080 94,8 110,3 4,2 12,9 
1970 210 550 8 098 9 905 4,7 12 613 32 615 104-,2 81,7 ! 4,9 10,3 
1971 223 148 8 583 12 598 5,6 13 535 31 437 70,9 50,5 4,0 7,1 
1972 230 989 8 884 7 841 3,4 13 169 33 373 103,1 32,0 3,5 4,2 
1973 

, 
239 113 9 197 8 124 3,4 14 630 32 032 85,4 36,8 2,9 4,4 

1974 249 048 9 224 9 935 4,0 14 445 39 226 55,1 65,4 2,2 6,8 
1975 257 523 9 538 8 475 3,3 9 666 40 482 54,7 57,3 1,8 5,9 

- --
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