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ABSTRACT 

Methods reducing manual work in local network forecasting 
and planning are of great value to operating companies 
and administrations. In the Helsinki Telephone Company, 
complete data of real-estates and buildings have been 
collected. Using regression analysis the number of 
telephone lines in a certain building can be estimated 
on the basis of these data. 

Using the found correlations and a defailed on-line pair 
register, the planning procedure can be computerized 
to a great extent. The planner can concentrate on 
finding practical solutions to computer-calculated needs 
instead of looking for the needs. 

In this paper, the correlations between real-estate 
data and tne number of telephone lines are dealt with. 
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1. GENERAL 

Telephone forecasts are most often done with the help of 
mathematical models based on time series. This is 
motivated when the history of the area in question is 
long enough and the object to be forecast is large enough 
so that the influence of randomness and local factors 
is not too great. But a majority of decision making in 
operating telephone companies or administrations applies 
to the expansion of small parts of ' th~ telephone network, 
indi vidual cables, small lo'cal exchanges etc. The fore
casting of small objects by pure , mathematical extra
polating is seldom accurate enough ,while local sporadic 
reasons, e.g. the erection of new buildings, are dominat
ing factors in the demand for telephones. Estimates of 
telephone demand in such regions have to be based on the 
knowledge of building activity decisions and plans, taking 
into consideratio~ the known correlations between these 
and the telephone demand. 

2. BASIC VALUES FOR PLANNING 

In planning the local outside plant, Le. the su,bscribeI1 
network, a lot of routine work is needed , to collect all 
the information about the location of subscribers. Data 
on future dwelling houses and office buildings must be 
gathered. Using these data, forecast's of the dem~d for 
subscriber lines are composed to give a basis for network 
planning. The acquisition of this basic information is 
time-consuming, thus leaving less time ,for actual planning'. 
The technically trained staff hereby has to do such 
routine work which could be done by less experienced 
persons or by automatic data processing (ADP). 

The basic information that is needed in the planning and 
can be given in a form suitable for ADP is: 

- daily condition in the network, i.e. installed 
pairs and pairs in use ' per cable terminal; 

- data of real estates: building sites, the 
existing or future buildings with time of 
construction, maximal floor area, number of 
flats and their planned use; 

- correlations between the number of pairs in 
use at different times as a function of ' 
reai estate and pair data. 

The following forecasts can be calculated from the basic 
data mentioned above: 

- demand for pair,S per cable end, main 'cable, 
exchange area, and from these the corresponding 

- expansion times and 
- extents of expansions. 
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3. NETWORK DATA 

The subscriber lines are terminated on every site in 
one point, called distribution terminal. Between that 
and the main distribution frame in the .central office, 
a connecting cabinet is often installed. Thus the local 
network is divided in two parts: feeder cables from 
the exchange to the connecting cabinet and distribution 
cables from the cabinet to the distribution terminals, 
fig. 1. 

Connecting 
cabinet 

Distribution Terminals 

Feeder cables Distribution cables 

Fig. 1. The structure of the local network 

The network data needed in the planning activity are 
today still registered in a manual card-index, divided 
in two parts: one part contains the pairs per distri
bution terminal and the other per connecting cabinet. 
In the card-index, all the cables and their pairs are 
written down for each object (i.e. site or cabinet) 
one by one. From this card-index, an annual summary is 
made, showing the number of free and occupied pairs in 
each point, and their totals for every main cable. 
This summary is called pair situation, and can be used 
in correlation calculations and forecasting. 

The card-indices are now being changed into an ADP-file. 
This becomes an on-line file for combined subscriber 
service routines. Starting from the site identification 
of a telephone to be installed, the computer selects 
a free feeder and distribution pair, marks them occupied 
and writes this data to form a part of the installation 
order. A distinct and practical site identification 
index is based on geographical map coordinates and is 
written down on local network maps next to the cable 
terminal symbol. When a new subscriber enters the 
company, a clerk locates on the map the nearest cable 
terminal and feeds it to the computer. A network planner 
or forecaster reaches the same information through the 
computer on the basis of terminal podes to be found on 
the network map. The network planner can ask the numbers 
of installed, free and occupied pairs. The occupied pairs 
include individual subscribers, branch exchange lines, 
borrowed hot lines, signalling pairs etc. 
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4. REAL-ESTATE DATA 

The forecasting of pair demand per feeder or distribution 
route is mainly based on real-estate data. For the fore
cast, information on existing and future buildings is 
needed. This information can be obtained from town plans, 
general plans, housing programs published by communes, 
and granted permissions to build. Very often the first 
impulse is received through newspapers. Information 
concerning existing houses and houses that have already 
been planned can most easily be obtained from the 
communal building registers. 

The .data are punched on one card for every site, including 

- exchange area 
- district and block number 
- site number 
- geographical coordinates of the site 

proprietary relationship of the existing 
buildings 

- construction year of building on site 
- number of buildings on site 
- construction material 
- volume of buildings 
- floor area of buildings 
- type of building 
- number of apartments 
- area of apartments 
- number of office apartments 
- area of office apartments 
- area of other apartments. 

In order to be able to determine the optimal extent, and ' 
time of expansions, the forecasts should include a time 
period of 5 to 10 years, but mostly the information 
about future construction activity only includes 2 to 5 
years, a fact which restricts the use of a computer 
since the computer cannot be programmed with the planner's 
knowledge of local circumstances and common sense, which 
help him draw up a useful forecast from scattered details. 

5. CORRELATIONS 

In the Helsinki Telephone Company, studies have been 
carried out as to which real-estate characteristics 
affect the number of pairs required in a building, how 
well the number of pairs correlates with each character
istic and which the corresponding regression coefficients 
are. 

Ten samples of the size of 50 to 200 existing buildings 
were taken. Their history, i.e. the past number of 
occupied pairs was referred to their real estate data, 
mentioned above. Using multiple linear correlation 
analysis their correlations were calculated. The material 
was grouped according to different characteristis, giving 
several regression functions. 

5.1. APARTMENT HOUSES 

For apartment houses a model of the following type was 
received. 

p = 0.09 Na loge (t + 1) ~ 0.71 K + 0.9 Na , 

where p 

Na 
K 
t 

number of pairs occupied 
number of flats 
floor area of -building 
age of building 

The correlation coefficients between p and different 
variables, the deviations of the regression coefficients 
and the t-values compared to zero are as follows: 
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variable 

coefficients level 

correlation ¥eViation of It-value 
coefficient the regression at 95 % 

-N-
a 
'-1-0-gc-(~t---l)-+---0-.-85 - O~03------1-2.SS-

K 0.97 I 0.09 8.30 

Na 0.95 I 0.07 2.59 
I 

Multiple correlation coefficient r = 0.98 
Average of p p 85.9 
Mean deviation of p sp = 39.0 
Residual deviation s = 8.0 

The model can be considered fairly good, because 
100 • r2 = 96 % of the variation of p is explained 
by the fit. 

All regression coefficients differ Significantly from 
zero and the confidences in prediction at 95 % level 
are as follows 

variable regression coefficient 

Na loge(t-l) 0.09 -t t 5 (48) • 0.03 0.09 ± 0.06 

K 0.71 ± t5(48) 0.09 0.71 ~ 0.18 

Na 0.19 -t t5(48) • 0.07 0.19 ± 0.14 

No significant differences in the regression coefficients 
could be found between the different parts of Helsinki. 
The model can thus be applied to forecasting the number 
of telephone lines in apartment houses in Helsinki and 
its vicinity. A wider application of this model probably 
needs other coefficients, because the telephone density 
in different regions varies according to the income 
per capita and many other factors. A somewhat surprising 
discovery was that whether the apartments were owned 
or rented by the inhabitants, this had no influence on 
the telephone density. 

The age of the building correlates with the number 
of telephone lines better if expressed in logarithmiC 
form than in linear form. The correlation becomes worse 
with the age of the building, and the correlation 
coefficient approaches zero when the age of the building 
is over 10 years. This means that the telephone density 
in a certain house saturates in 10 years. The subsequent 
growth of telephone density is hereafter due to factors 
like the growth in the income per capita, but independent 
of the age of house. After saturation, the annual growth 
rate of telephone lines in old houses was found to be 
about one per cent. Fig. 2 shows the average number 
of telephone lines in dwelling houses as a function of 
the size of an apartment. A10 ahd A30 are the 
estimates 10 years and 30 years after the house was built. 
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Fig. 2. Estimates of the number of subscribers in 
dwelling houses as a function of the size of an apartment 
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Fig. 3. Estimates of the number of subscribers per 100 m2 
of floor area in dwelling houses as a function of the 
size of an apartment 

The number of telephone lines per 100 square metres of 
floor space as a function of the size of an apartment 
is shown in fig. 3 . This figure is of better use to 
the planner, since the town plans and the first sketches 
of new housing areas only give the floor space to be 
built and some guidance values of average sizes of the 
apartments. And as was seen earlier, the number of 
telephone lines correlates a little better with floor 
space than with the number of apartments. 

5:2. ONE-FAMILY HOUSES 

A suitable regression model for one-family houses was 
found to be 

where 
Ra = number of houses on a site 
p and Na as in formula (1) 

The relevant statistical values are as follows 

(2) 

variable 
correlation 
coefficient 

0.51 

0.48 

deviation of tt_value 
the regression at 95 % 
coefficient level 

0.14 6.61 

0.19 2.91 

Multiple correlation coefficient 
Average of p 
Mean deviation of p 
Residual deviation 

r 

r> 
sp 
s 

0.55 
1.34 
1.15 
8.0 

The correlation coeffiCients are only about 0 . 5 and 
the model can explain only about 30 % of the variation. 
This is due to the fact that the average number of lines 
per house is small and therefore the statistical 
randomness affects the results greatly. The model can, 
however, be used to forecast the number of lines in a 
larger group of one-family houses • 

5 .3. BUSINESS AND INDUSTRIAL BUILDINGS 

If a reliable forecasting model for business and 
industrial buildings is wanted, the definition of different 
types of buildings must be very detailed. The number 
of teleIilone lines is highly dependent on the nature of 
business and whether a PABX is used or not. 
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Also the number of jobs in a business or industrial 
building affects the number of telephone lines. Because 
the number of jobs does not stay constant, it is not 
registered. Investigations have shown, however, that 
the correlation coefficient between the number of jobs 
and the number of telephone lines in business buildings 
is about 0 .85 . This is better than the corresponding 
coefficient between floor space and number of lines, 
which is about 0.70. 

It has been shown that the number of lines in similar 
houses is Poisson distributed /1/. For a Poisson 
distribution with average A the standard deviation is 
~. Economic calculations have shown that the risk for 

a shortage of pairs in distribution cables should not 
exceed 1. .. 5 %. This leads to the factor 2 in formula (3). 
The numerical value depends on the ratio between the cost 
of an idle pair in a cable and the cost of installing 
one telephone when all pairs are occupied /2/. 

Thus it is difficult to make an exact forecast of the 
number of lines in a certain business or industrial 
building. For a larger industrial or business area, 
the following values can be used until more accurate 
values can be received from the subscribers themselves 
(standard deviations in parenthesis): 

7. FORECASTS FOR SERVINy AREAS AND CENTRAL OFFICE AREAS 

From the forecasts made per distribution terminals, 
a computer can add up sums for larger areas, e.g. for 
serving areas and central office areas. These forecasts 
can be used for the planning of feeder route cables and 
expansions of central office equipment. __________________ -+I_l_in_es/~ob __ ~-1-i-n-e-s~/-1-0-0-m-2---

Business buildings 10.4 (0.1) 1.7 (0.5) 

Industrial buildings 0.5 (0 .3) , 
The forecast which is a sum of terminal forecasts is 
reliable only as far as it includes all terminals in the 
respective area. This means that the forecast tends to 
be underdimensioned since the information of building 
activity after 3 ••. 5 years is very scarce. 6. FORECASTS PER DISTRIBUTION TERMINAL 

Usually one distribution terminal is built for each 
apartment house or group of houses on the same site. 
In one-family housing areas, one terminal may serve 
several houses. In any case, the average number of 
telephone lines in every terminal can be forecast on 
the basiS of the real-estate data. From the average 
number of lines the adequate amount of wire pairs can 
be calculated. The following formula can be used: 

This can be compensated if one point of the forecast is 
derived from town plans or the like for a year e.g. 
20 years from now. This point is reestimated if remark
able changes in the town plan are made. The short-range 
forecast is corrected whenever the real growth differs 
from the forecast or when information on building 
activity is received. The short-range forecast is revised 
by routine three times a year. In this way a forecast 
with the newest information is always available, and 
the timing of expansions can then be done accurately. 

where 

The long-range trend can be checked and revised, if 
needed, every 3 .•• 5 years. As an example a forecast for 
a central office area is shown in fig. 4. 

P number of pairs 
A forecast average number of lines 
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Fig . 11. An example of the computer output of a subscriber forecast. 
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8 . PLANNING BY COMFUTER 

A computer calculating the forecasts can be programmed 
to give the optimum time and extent of expansions. 
Both network and central office equipment planning 
can for a great part be left to the computer. The 
planner himself could then concentrate on finding the 
best alternatives to be given to the computer and on 
judging the results and applying them to the actual 
ehvironment. 

Today the planning of expansions is made b~ computer 
only in the form of checking the timing whenever the 
forecast is revised. The planned time of expansion is 
fed to the computer, and after revision of the forecast 
the computer output tells which expansions should be 
completed sooner than originally planned and which 
expansions could be postponed. 

A more advanced system is being planned together with 
the project concerning subscriber service routines. 
An integrated system covering both planning and sub
scriber service could then be as in fig. 5 . 
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Fig. 5. Ah integrated system covering planning 
and subscriber service 
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