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ABSTRACT 

Using the general scheme of operational research for the 
solving of complex problems 'in their entirety, the paper 
discusses the probabilities of estimating the optimal 
extent of routine measurements in telephone plant. This 
entails the division of the study into four parts: 

1. Definition of working conditions, 

2. Objectives, 

3. Classification of possible measuring programs, 

4. Evaluation of possible alternatives. 

A plan for attacking the problem is outlined in chapter 
2 and the possibilities of carrying through this plan 
are discussed in the following parts of the paper; the 
study being limited to measurements for forecasting pur
poses. 

It follows clearly that the service criterion, the ex
tension steps, the forecasting method and the measuring 
method are all interdependent and must be treated to
gether. It is also clear that a practical result can be 
achieved only if the objectives of telephone operation 
are expressed in terms of a fully defined service crite
rion; this criterion defining how many times a year cer
tain congestion values are allowed to be exceeded. Since 
CCITT's recommendation for international connections is 
the only known service criterion satisfying this condi
tion, the possibilities of . using this criterion in 
particular have been discussed in the paper. 
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1. INTRODUCTION 

The paper concerns the question of how much routine meas
urements it is optimal - or reasonable - to perform in 
telephone plant. How much investment should be made in 
measuring equipment and how many working hours should be 
spent on measurements? Furthermore, which measuring meth
ods should be prefered? Since these problems have already 
been attacked by many telephone engineers, without arriv
ing at a final solution, this paper will not pretend to 
present a final solution. It will only approach the 
problem from another angle, namely to apply the way of 
thinking of operational research. 

In a telephone plant, any measurement of the traffic or 
its parameters (number of calls, number of blocked calls, 
time congestion, waiting times, etc), is undertaken for 
any of the following reasons: 

A. Supervision (Sqort term, keep the plant going today) 

B. Explanation (Short or long term, collect detailed 
data for a given situation, aid for either A or C) 

C. Forecasting (Long term, keep the plant going to
morrow) 

It is obvious that the purpose of all measurements is to 
reduce investment. The short term supervision helps to 
postpone extensions by checking that existing equipment 
is used as effiCiently as possible. Collection of data 
for forecast helps to define the future need and to a
void unnecessary extensions in the network, i.e. to make 
future extensions as efficient as possible. 

This is very clear in principle, but it remains to be 
found out how efficient measurements are in fulfilling 
this purpose. Different opinions have been presented 
during the time automatic telephony has existed. We can, 
however, conclude that the investments in measuring equip
ment have never been specially large compared with the 
cost of traffic carrying equipment' in telephone plants. 
Existing measuring syst~ms put very moderate require
ments on the telephone systems and the practical solu
tions have always been strongly correlated to the techni
cal possibilities of measuring at different times. 

The most advanced systems having a defined measuring 
philosophy seem to be those which relate to maintenance, 
i.e. those which aim at fulfilling the purposes A and B 
(see e g. ERICSSON 1966). The treatment of such purposes 
is partly beyond the scope of this paper which will con
centrate on purpose C, i.e. forecasting. 

The development of automatic telephone systems has, how
ever, with time, provided better and better measuring 
possibilities. At the same time the trend is to leave 
larger and larger telephone exchanges unattended. This 
means that the need for measurements increase at the same 
time as the possibilities become better. This means also 
that the purpose and extent of measurements must be more 
distinctly defined. 

2. p·IAN FOR A STUDY OF THE PROBIEM 

If the philosophy behind the operational research methods 
is applied to the problem of finding the optimal extent· 
of routine measurements in telephone plant the study can 
be divided into the following four steps: 



a. Working milieu, working conditions 

b. Objectives 

c. Possible method~ 

d. Evaluation of methods 

If we apply this plan on our problem and if we limit 
ourselves to measurements for forecasting purposes the 
following steps appear: 

a.l Definition of the network which is to be the sub
ject of the measurements. 

a.2 Variations of the traffic and its effect on the 
system. 

b.l Objective of telephone operation as regards serv
ice criteria. 

b.2 Steps of extension and criterion governing the 
timing of such steps. 

b.3 Defintion of forecasting methods and how these are 
related to the results of the measurements. 

c.l General definition of how measurements can support 
the given goals as stated in b under the conditions 
given in a. 

c.2 Classification of possible measuring methods as re
gards equipment, measuring times and costs involved 
in such methods. 

c.3 For different measuring methods, definition of the 
risks of obtaining m~sleading results and the con
sequences of such re suI ts . in the ·'forecast. 

c·.4 Definition of the consequences of errors in the 
forecast. Such errors may lead to premature or ex
cessively large extensions, in both cases giving an 
increased cost compared with the cost of a correct 
extension at· a planned point in time. 

d.l Evaluation of the cost of different measuring meth
ods given in c.2. The cost of · a measuring method 
may be evaluated as the sum of the costs for the 
measurements and the costs for forecast errors 
(c.4), the risks for uncertain results (c.3) being 
taken into account. 

d.2 Ranking of the me~hods in order of increasing cost. 

d.3 Advice regarding possible changes in the formula
tion of objectives b.l, b.2 and b.3, if such ad
vice evidently leads to more economical operation. 

An additional point may be added to the plan: 

e. Application of the results to a model case with 
known traffic variations, known traffic development 
and with defined costs. 

The different parts of the plan will be discussed in the 
following. 

3. WORKING C(])NDITIONS 

Since the traffic varies, a telephone system will work 
~der various conditions. If the plant is amply dimen
sioned traffic peaks giving disturbing congestion will 
occur only on a few occasions. Between these occasions 
the traffic will be carried without much trouble. 

Typical well-known traffic variations are 

I. Variations during the day with one, two or possibly 
three peaks. 

11. Day to day variations as regards both traffic 
magnitudes and the occasions of maximum traffic. 

Ill. Certain week-days may have systematically higher 
traffic than others. 

IV. Seasonal variations, resulting in higher traffic 
during certain periods of the year. 

V. The maximum traffic during a year may occur during 
a busy season but may also occasionally occur at 
any time of the year. 

VI. General tendency to increase, but the increase may 
not be uniform. 
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VII. Random variations, i.e. such variations which can 
not be foreseen or are not inciuded in the 6 pre
ceding items. 

For a whole network the traffic variations must be con
sidered as multi-dimensional, all traffics following the 
above-mentioned pattern, but each traffic being only to 
a certain extent correlated to the others. 
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Fig. 1. Estimated distribution for the traffic flow • 
during all 8760 hours of a year. ~ is the contribution 
from the busy hours. 

It is clear that traffic peaks - or combinations of traf
fic peaks - causing disturbing congestion will occur more 
frequently at the end of ·an extension period than at the 
beginning of it. Fig. 3 describes how the congestion may 
vary during an extension period. 
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~ Possible variation of the congestion on a route 
during two consecutive years. 
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4. OBJECTIVES 

For estimating the extent of measurements the objectives 
were formulated in chapter 2. These were: congestion 
.criteria (b.l), extension steps decided upon and crite
ria for deciding the timing of extensions (b.2), and 
finally, forecasting methods to be used and their re
quirements on the measuring methods (b.3). 

4 .1 Service Criteria 

The principal objective of telephone operation is to 
provide telephone conversations between any pair of sub
scribers. This should be done with good possibilities 
to set up connections at any time, with a satisfactory 
transmission quality and at a reasonable price. 

Due to the technical and economical structure of tele
phone systems the equipment must be extended in steps 
of suitable size. The dimensioning of a group involves, 
consequently, the following considerations: 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

The number of devices installed at an extension 
should be sufficient for a given extension period, 
which varies from ~ year to 5 years. 

It is desirable that the number of devices is not 
changed during this period. 

During the extension period the traffic will vary 
and increase • 

The income deriving from the traffic is generally 
proportional to the total carried traffic volume. 

When the traffic is high, certain inconveniences 
and disturbances will occur due to high congestion. 

Depending on the provision of devices these occa
sions of high congestion will occur more or less 
frequently. 

High congestion will occur more frequently at the 
end of an extension period than at the beginning. 

H. When high congestion occurs too frequently a new 
extension must be made. If this occurs earlier than 
expected, certain modifications in the extension 
plans must be made, generally involving extra costs. 
If it occurs later than expected this means that the 
previous extension was too large and that part of 
the investment associated with the previous exten
sion could have been better used at another point 
of the network. 

In a telephone plant, extensions are required at a num
ber of points almost simultaneously. This implies that 
the extensions must follow a general plan and that the 
timing of an extension at an individual point in the 
network must be coordinated with other extensions being 
made. Certain changes in the optimal extension times 
are made in individual cases in order to arrive at an 
optimum for the whole. 

A service criterion generally specifies permitted 'con
gestion for a specified traffic. To be meaningful the 
criterion must include some knowledge (ideas) of how 
often certain congestion values will be exceeded. As 
regards the timing of extensions, the criterion must 
also define what allowances - if any - are permissible 
as regards the latest time of extension. Unfortunately 
very few service criteria are such that they explicitly 
provide an exact . extension limit. In most cases, this 
is due to a lack of complete measurements and this lack 
precludes both efficient control of the present grade 
of service and the possibility of using s~atistics from 
the past to make a forecast. 

It is clear that only a service criterion which speci
fies directly, or indirectly, how frequently high con
gestion of defined magnitude may occur can be used in 
this study. The only known service criterion satisfying 
this requirement is the CCITT recommendation for inter
national connections, 

E(A
30

) ~ 0.01 

E(A
5

) ~ 0.07 } (1) 
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where A and A are the averages for the 30 and 5 
highest3~ime-corisistent busy hour traffic values for the 
last 12 months. The use of (1) permits control of two 
points on the upper tail of the busy hour traffic distri
bution, fBH(A). (Cf. fig. 2). Moreover, it means that 
the forecast must concentrate on the increase of the 
highest traffic values during an extension period. Fi
nally, this may entail having some idea of the frequency 
of high traffic values outside the busy hour. From this 
state of knowledge an estimation of how the congestion 
will vary during an extension period is possible (cf. 
fig.3). The CCITT service. criterion (1) may consequently 
be suitable for this study and will be used as basis for 
the following discussions. 

4.2 Extension Steps 

The choice of suitable extension steps depends on a 
number of factors. The most important ones seem to be: 

a. growth rate 

b. cost of the additional equipment 

c. technically suitable extension units 

d. delivery time of necessary equipment 

e. time necessary for making an extension 

f. coordination with other extensions to be made 

g. fixed costs of installation 

h. interest on invested capital 

i. income from traffic 

j . limits for capital to be invested 

Important studies have been made to determine how some 
of the above-mentioned factors affect the choice of ex
tension steps and extension periods (see e.g. RAPP 1961). 
For our study it may be sufficient to assume that the 
extension st~ps have been chosen in a rational and opti
mal way. We may only add that due to seasonal variations. 
extensions are particularly necessary before a busy 
season starts. but are generally not necessary during a 
slack season. 

The service criterion indicates, in principle. when an 
extension should be made. The CCITT Recommendation does 
not state with what accuracy (1) should be fulfilled. It 
is clear that the precision depends on the traffic magni
tude. larger relative deviations being permitted for 
small traffics than for -large ones. Here it may only ~be 

assumed that the congestion values in (1) are given and 
that these values may be kept within certain' limits. 

Consequently, we assume that the extension periods are 
given and that service criterion (1) determines when an 
extension must be made. ·This satisfies point b.2 in our 
plan. 

4.3 Forecast 

From the service criterion (1) follows that the forecast 
must concentrate on how A~ and A~ will increase in the 
future. This involves fin~ing out-how the 30 highest 
busy hour values will change from year to year. 

The forecast may, however. be more or less sophisticated. 
requiring different degrees of detail as regards the 30 
highest values. The simplest case may involve only one 
of the requirements E(A ) ~ 0.01 and E(A ) ~ 0.07, and 
assume the neglected re~irement is alwa~s less diffi
cult to fulfil.Most traffice forecasts seem to deal only 
with one traffic value per traffic relation. A little 
more advanced forecast may provide future values for 
both A and A and a still more ambitious forecast may 
deal ~h the rlpper tail of the distribution for A. It 
is clear that the details of this upper tail becomes 
less important. the longer the forecast. If the forecast 
covers only one or a few years it is important to have 
knowledge regarding seasonal variations in traffic. 

We assume for our study that the forecast concerns the 
future values of A and A • We may also assume that the 
forecast is limited0to onl~ a few years, say, at most 
three years, at a time . We can also assume that there 



exists a clear relation between these traffic values 
and the congestion they will cause., Finally we may 
assume that some background knowledge of the develop
ment in the society may be used ' for adjusting the fore
casts. By background knowledge is here meant, knowledge 
of building plans, commercial and industrial activities, 
etc. 
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~ Development of A and A for a number of years 
on a route (Malmoe-Coperirtagen).38nly values for each 
half year is given. 

5. MEASURING ME'lHODS 

The foreca§ting me~hod was assumed to produce future 
values of A and A in criterion (1). Therefore, obser
vation of t~se valrles may serve as start values for the 
forecast. It is also of interest to observe how the 
congestion varies in order to find out if condition (1) 
is satisfied. It is also clear that the observed values 
should be collected in a consequent way so that a suf
ficiently long series of comparable data can be used 
for the forecasts. Therefore, measurements should be 
undertaken in such a way that the results can be compar
ed with earlier data. (This means that a change from one 
data collection principle to another results in the 
necessity to collect data according to both collection 
principles for some time before the new data collection 
principle can be adopted completely.) The above state
ments should cover item c.l in the pl'an. 

Measuring Programs 

The possible measuring me~ods can be classified as re
gards 

I Group to be measured 

H Time during which the group is to be measured 

III Output from measuring equipment 
IV Treatment of the reeords 
As regards what can be measured, we may here limit our
selves to the items given below, even if other character
istics of the traffic may be of interest. 

I.a. Traffic carried (in erlangs) 

I.b. Number of calls 

I.e. Time or call congestion 

Item c may require measurement of more than one charac
teristic (i.e. number of calls and number of rejected 
calls for call congestion). All items can be measured 
at different points and must of course be clearly de
fined as regards their purpose. 

The time a measuring equipment works on a subject can be 
classified as regards the number of measur~g days per 
y~ar and as regards the number of hours per measuring 
day. The number of measuring days per year may for 
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instance be 

H.a. all 365 days 

H.b. all normal working days ("" 225) 

H.c. all normal working days during busy seasons 
( ~ 60-120) 

I1.d. one or two days per month (12-24) 

I1.e. one or two weeks during busy season (5-10) 

H.f. no day at all 

The number of measuring hours in each measuring day may 
vary from 1 to 24, if we, for simplicity, limit ourselves 
to consider only one-hour measurements. The choice of 
the time of the day may imply the selection of a pre
determined time-consistent busy hour, hunting for the 
busiest hour, or more or less extended observations 
during the day. 

The duration of use of a measuring equipment on a sub
ject can, consequently, vary from 5 to 8760 hours per 
year. 

The output from the measuring equipment may be the 
result for 

III.a. each hour ' 

III.b. a number of hours (giving the average) 

III.c. selective, (i.e. only values above a given 
level are recorded) 

The method of collection of the results for further 
treatment may involve one of the following: 

IV. a. manual reading off each hour 

IV. b • readable outprint 

IV. c. coded information (punched or magnetic tape) 

The treatment of the results may 

be manual, or 

involve data processing, or 

involve a combination of both 

The classification of possible measuring equipment may 
either concern what facilities different existing eqUip
ment offer, or involve a specification of requirements 
on a measuring equipment. The fact that a great number 
of objects will be measured simultaneously will here be 
a very important practical and economical factor. 
Another important economical factor is whether the meas
uring equipment works automatically or must be attended. 
In the latter case the question as to whether the opera
tion can be centralized or not is also very important. 

• 

• 

We can now list a number of possible measuring programs 
defined by the choice of alternatives under the items I, • 
11, III and IV. These programs represent our possibili-
ties for measurement. 

6. EVAWATION 

The next step in the study is to determine the costs for 
different measuring programs. They are of two types of 
costs, namely direct costs for carry~g through the 
program including treatment of results, and indirect 
costs dependent on the risks for forecasting errors and 
increased investment costs resulting therefrom. 

The direct costs for each measuring program include in
vestment in the necessary eqUipment, costs of operation 
and maintenance of same, as well as the lcosts of automa
tic or manual processing of the results into required 
data for the forecasting. 

The direct costs of the measuring equipment may have the 
following structure 

(2) 

• 



• 

• 

• 

whereC
o 

represents the investment costs of the equip
ment, a·h the cost of running it h hours a year and 
b·t the costs of the reading off and treating the re
sults, t representing man or machine hours per year. 

Traffic 

Forecost n 

Fcn::astm 

Year 

-2 -1 +1 +2 +3 +5 

~ Traffic in a route for a number of years and 
three forecasts, using different starting values at 
year No. O. The forecasts are based on observations 
in years No.-2 and -1 • 

The estimation of the indirect costs involved in each 
measuring program is, without any doubt, the most dif
ficult point in the study. It involves the following 
three steps 

1. Determination of the effect of wrong measurement 
results on the outcome of the forecast. The errors 
in the measurements may mainly be due to the under
estimation or the overestimation of periods of high 
traffic. (See fig. 5.) 

2. Analysis for each measuring program, of the probabi
lit~es for obtaining misleading results. 

3. Estimation of the costs of the consequences of errors 
in the forecast. If a forecast turns out to be too 
low, this ~ans that the next extension must be made 
earlier, resulting in extra costs for speeding up 
the work . If the forecast is too high, this means 
that the extension could have been postponed and 
that capital is tied instead of being better used 
elsewhere. The part of the equipment that is found 
to be unnecessary represents, in this case, the cost 
of the forecast error. Certain economical advantages
if any - in postponing an extension should, of 
course be subtracted. It is obvious that the costs 
of a positive and a negative error may be quite 
different. 

Of course, this procedure, (1, 2, 3), must also take 
into account the normal uncertainty in forecasts which, 
in many cases, can overshadow other causes of error. 

An utterly simplified procedure for estimating the indi
rect costs is illustrated in fig. 6. 

The average costs of forecasting errors for a measuring 
program can be written 

Ci = S Ci (x) ·f(x)dx 

" where Ci(x) is cost connected to a forecast error x and 
f(x) the density function for this error. 

The cost of a measuring program is then the sum of Cd 
in (2) and Ci in (3). 
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COST 
OF 

ERROR 
Ci(X) 

~ Frequency of forecasting errors, f(x), and costs, 
C(x), resulting from same. 

The different programs can now be ranked in order of in
creasing cost. For a whole network this can be done for 
the whole lot of traffic cases to be measured. A deci
sion should then, in principle, be possible as regards 
the most suitable measuring program - or programs· - for 
the whole plant. 

Of course, a number of difficulties will appear in this 
decision requiring compromises and rationalization to 
arrive at workable results. 

7. CONTROL MODEL 

The measuring program discussed in chapter 5 assume 
different numbers of observation hours, from continu
ous observation of all 8760 hours to observation of 
only a few hours per year. They also offer different 
alternatives as regards the principles of choosing the 
limited observation time. Consequently, th~ programs 
have varying risks of missing significant traffic peaks. 
To find out what practical and numerical risks are in
volved with different measuring programs, it is thus 
necessary to try the methods on live traffic. This real 
case must then have more complete records than are used 
in hypothetical measuring program to be tested, so that 
one can see what significant pieces of information have 
been lost. 

Since the measuring method depends on the forecast 
method used, the records of this model case must cover 
a sufficient number of years to permit a check of how 
the measured data influence the forecast results. 

To make a complete study of the efficiency of different 
measuring programs the ideal control model should have 

1. Complete records as regards traffic and congestion of 
all 8760 hours a year - or of all values above a 
significant level for these hours. 

2. Records for a continuous period of 5-10 years so as 
to permit check of the effect on the forecast method. 

3. Knowledge that the control case is really representa
tive for the cases to which the measuring programs 
will be applied. 

It follows directly that no such observations have been 
performed anywhere. It is also obvious that the con
clusions drawn from such a control case must have some 
inaccuracy since real telephone traffic is not a mathe
mathically regular phaenomena, which will repeat itself 
in the same way forever. We can, however, get some 
quantitative information about how different factors in 
our problems influence the outcome • 



'The most complete records - as far as the author knows -
which may serve as control case are . the measurements in 
Malmoe on two trunk routes (Malmoe - Copenhagen and 
Malmoe - Gothenburg), (See ELLDIN, TANGE 1960 and 
ELLDIN-WESTERBERG 1967) where observations have been 
made during the time-consistent busy hour of every nor -
mal working day since 1958. These data may very well . 
serve for checking measuring programs with fewer meas
uring hours than the CCITT recommendation (1). They may 
also permit a study of different forecast methods. Such 
a study is planned but cannot be presented now. 

8. CONGLUSIONS 

It follows that the operational research approach to the 
problem of finding an optimal extent of routine measure
ments in telephone plant may at least help to expose the 
difficulties in finding such an optimal solution. 

To arrive at a . result, it is fully clear that the objec
tives of telephone operation must be written in a 
language that is understandable for this type of study, 
i.e. in numerical values. Only when the service criteria 
are given in fully defined numerical values can an opti
mization of the measuring efforts have any chance of 
being calculated. 

Service criterion, extension steps, forecasting method 
and measuring method are all dependent on each other and 
must be treated together. There is also the difficulty 
that, in a telephone plant, there is a number of activi
ties taking place simultaneously. The significance of 
this, from the point-of-view of our study, is that meas
urements must be performed on many subjects simultan
eously, that different extensions must be co-ordinated 
and that the investments generally must lie within a 
certain constraining economic framework which does not 
always permit the application of the most optimal solu
tion at once. 

It follows also very clearly from this study that we 
must limit our ambitions as opposed to the universal to 
the particular if we want to arrive at practical results. 
This may mean, for instance, that a study of how a given 
amount of investment in measuring equipment can best be 
used for given requirements, can give results which may 
serve the purpose of improving the telephone operation. 
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