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ABSTRACT ' 

This study intends to find connections between demo
graphic and telecommun ication network parameters and the 
proportion of internal traffic. Re sults obtained from 
special measurements by a minicomputer equipment re
garding traffic internal to cabinet areas are used to 
create a model for the internal traffic that should be 
appl icable to a fraction of an exchange are viz. the 
concentrator area. This model is compared with traffic 
distribution measurements of intraoffice traffic. 

INTRODUCTION 

1.1 Digital ization of the networ k 

The Swedish network today conta ins a large number of ex
changes ranging in size from some tens of subscribers to 
fifty thousand subscribers. The administration is con
sidering plans to replace exis t ing analogue exchanges by 
digital ones during a period of forty years. The digital 
exchange will naturally be of SPC-type, and the trans
mission is assumed to be PCM-systems on cable or radio
link. 

Optimizing a network with a cost s tructure such as that 
of digital components leads to the assumption of larger 
concentration of equipment in the network, so that the 
high basic costs for exchanges and first PCM-systems can 
be balanced by a high usage. Thus only larger exchanges 
can be provided with fully autonomous control functions, 
and only these larger exchanges will have the possibil ity 
of direct routes to other exchanges. The smaller ex
changes wil I thus be replaced by a more simple unit, 
which is more or less dependent on a mother-exchange for 
controlfunctions. This Remote Exchange Concentrator (REC) 
wil I probably in its larger versions have a capacity of 
a couple of thousand subscribers. 

1. 2 The concentrators and i ts properties 

The REC is a versatile component, t nat can be used in a 
number of ways in optimizing a future digital network. 
Apart from replacing existing exchanges up to a capacity 
of about 2000 subscribers, it can be used in larger ex
change areas as a remote subscriber stage to reduce local 
network costs. REC can also be used, when the number of 
subscribers in an existing exchange area is too low to 
make a full SPC exchange economically reasonable. In such 
a case REC is used to connect adjacent exchange areas to 
the SPC exchange, even if they are larger than the capa
city of one REC. Thus subdividing existing exchange areas 
into smaller REC areas . 

The importance of the expected internal traffic in the 
REC is a very interesting question. It can be studied 
from two aspects: 

is it economically reasonable to provide a REC with 
internal communication I inks 

is it necessary that REC can handle the internal 
traffic independent of control information from the 
mother-exchange. 
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In both aspects the abil ity to estimate the amount of in
ternal traffic in a REC in different appl ications is of 
vital importance , not only in order to find an answer to 
these questions, but also in case of a yes to solve the 
dimensioning problems. 

2 MEASUREMENTS 

2.1 Available data 

The idea of thi s study is to find a relation between in
ternal traffic and demographic factors such as age of 
community and inhabitants, rate of migration etc. The wide 
range of appl ication from subareas wit hin blocks in large 
cities to villages in countryside imp l ies a possible 
difference in internal traffic in REC:s with the same 
number of connected subscribers. 

For existing exchanges a number of measurements of inter
nal traffic were available from exchanges of different 
sizes. For parts of local networks comparable to one or 
more cabinet areas no such measurements were available, 
so a special measurement program was designed to investi
gate the internal traffic within subparts of three diffe
rent exchange areas. The three exchanges were a local ex
change in a city, a large town exchange and a small town 
exchange. 

2.2 Equipment for special measurements 

Special measurements on telephone traffic for studies of 
traffic processes requires a fast and reI iable measuring 
equipment with more facilities than the standard traffic 
recorder. For this purpose a minicomputer and its peri
pheral units provides attractive possibilities. 

The measuring system, that has been used at the investi
gation described in this paper, consists of the following 
units: 

Central processing unit; HP 2lMX with the wordlength 
of 16 bits and a memory of 16 K words, cycle time 
650 ns. 

Paper tape reader; Photoelectric, speed 420 charac
ters/second max. 8 channels wide. 

Paper tape punch; Speed 75 characters/second, 8 
channels wide. 

Console typewriter; 30 characters/second. 

Magnetic tape unit; 9 channels NRZI electronics, IBM 
compa t i b le. 

Data logger; A total of 1024 inputs divided into 3 
units. A control unit with 256 inputs and two sepa
rate units with 256 and 512 inputs respectively. 

The minicomputer operates under magnetic tape systems, 
which means that the operating system {assembler, editor 
etc.} is on magnetic tape, while the source programs are, 
on paper tape. The consol typewriter is used for communi
cation with the minicomputer during program development. 
During measurement the magnetic tape unit is used for 
storing primary data consisting of different kinds of 
events, that have been collected by the measuring program. 
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When changing of magnetic tapes occur, primary data out
put are on paper tape. The consol typewritp.r is used as a 
slow line printer and· output consists of different kinds 
of statistics for instance the number of outgoing or ·in
coming cal Is during one hour. 

Besides interface cards for I/O-units the minicomputer 
has an interface card containing a crystal clock, which 
can be programmed to give an interrupt signal at certain 
intervals from 0.1 ms, 1 ms, 10 ms up to 1000 seconds. 

The three units of the data logger (256+256+512 inputs) 
can be further divided into groups of 64 inputs. In this 
way the measuring points can be spread out to different 
places in an exchange and be connected to the data logger 
by a 64-wire cable. The trigging point for an inlet of 
the data logger is -6V, that ~s the data logger gives to 
the minicomputer a "1" for a voltage under -6v and a "0" 
for a voltage over -6v in the measuring point. 

2.3 Description of the measuring procedure 

For the kind of investigation described in this paper the 
measurement can be done in two ways. One way is to se
lect a few cabinets and connect all the subscribers be
longing to them to the data logger. This will give a 
very accurate result of the traffic within the same area. 
The disadvantage will be an extensive connection work, as 
the relay sets of the subscribers will not be concentra
ted but . situated all over the exchange. 

The other way is to measure a thousand group of sub
scribers. This group is mounted in ten adjacent bays, 
each containing one hundred subscribers, which wil I make 
the connection work fairly easy. With such a number of 
subscribers we will get a lot of primary data in a fai~ly 
short time. These subscribers will however belong to many 
different cabinets and therefore data of the position of 
each subscriber will have to be collected. 

A discussion of which method to use took place, and the 
second one was preferred. 

Each bay of the subscriber stage (100 group) has twenty 
outgoing and twenty incoming I ines and ten wires for the 
tens digit and ten wires for the unit digit. As soon as 
a line is occupied, one of the tens digit wires and one 
of the unit digit wires will point out the number of the 
subscriber, that is calling or is called. The occupation 
time of the digit wires is 75-100 ms. To facil itate re
liable pointing out of the subscriber, the scanning in
terval was set to 50 ms. The programable crystal clock 
gives interrupts at every 10 ms, but the measuring pro
gram orders a scanning only at every 5:th interrupt. At 
every change in the state of the I ine, the time it 
happened, the number of the line and in case of occupa
tion the subscriber number are transferred to a buffer, 
which when filled is stored on the magnetic tape. At the 
same time different counters are updated for later out
put on the consol typewriter. 

The primary data on the magnetic tape are treated on a 
large computer (IBM 370/168) after the measurement is 
concluded, and a grouping of every connection will be 
done. Every connection needs a clear forward as well as 
a clear back signal to be disconnected, so a fairly good 
determination can be made, whether it is an internal 
connection (within the same area) or not. This is made 
by monitoring the disconnection times on both incoming 
and outgoing cal Is in the thousand group, identifying 
intragroup calls by simultaneous disconnection. 

3 ESTIMATION OF INTRAGROUP TRAFFIC 

The internal traffic in an exchange is often regarded as 
a special item in traffic distribution calculations. The 
normal approach is to assume that traffic between ex
changes is proportional to the size of originating and 
destinating exchange and the inverse of the distance 
between them raised to a power. In this context it is 
commonly pointed out, that although callers are not 
supposed to take into account, which exchange the called 
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party belongs to, the traffic to "own exchange" is sub
stantially higher than the mentioned proportion. 

Both Bear [1] and Dunstan [2} suggests a "self distance" 
as expression for the effects that the relative nearness 
of subscribers of "own exchange" results in a proportio
nally high intraoffice traffic. Hayward [3J proposes that 
in concentrator groups of about 50 I ines ten per cent of 
intragroup traffic seldom is reached in wellpopulated 
regions. Higher intragroup calling would be expected in 
small isolated communities. A larger groupsize will also 
increase this call ing although probably somewhat less 
than in direct proportion. 

In [lJ the subscriber density is suggested as a parameter 
when calculating the "self distance" and in [2J results 
with this approach are given. However, the subscriber 
density is a quite difficult figure to calculate due to 
irregularities in the exchange areas. Countryside areas 
does often include large uninhabited parts. Should they 
be included in the total area or not? Even if the actual 
exchange area could be determined, lengthly calculations 
follow to establ ish the measure. 

It would be much more convenient to use generally ob
tainable demographic data provided by official institu
tions. Our approach was to find relations between such 
data and internal traffic in exchanges and then using 
the special measurements extend these results to cabinet 
areas. 

4 ATTEMPT AT USING DEMOGRAPHIC FACTORS AS AN 
INTERPRETATION OF INTRAOFFICE TRAFFIC 

One hypothesis was that the proportion internal traffic 
in an exchange can be described as a polynom of demo
graphic variables. From official statistics we chose the 
following primary factors. 

1. Population: - The number of inhabitants 

2. 

3. 

4. 

- Proportions in the ages of 0-4, 5-~, 
10-14 and 15-19 years 

- The migrationratio 

Income: - The amount of taxes per capita rela-
tive the average Swede 

Dwel ling: - The number of residences 

- The proportions of residences: 
in one- or two-dwell ing houses, 
with modern convenience, building 
period 1961-1965, 1966-1970 and . 
1971-1975. 

Telephone: - The number of telephone sets 

- The number of mounted subscriber 
equipment at the exchange 

Based on these factors we made a number of combined fac
tors, in all 68. The results, after computing these data 
by using a step by step regressionanalysisprogram, are 
briefly shown in Figure 1. 

The good correlation in suburban areas is explained by 
low number of observations (14). The approach was given 
up, partly due to the fact that it was impossible to 
find a I imited number of parameters with a good correla
tion to intraoffice traffic so an extrapolation into 
subareas was considered as highly doubtful. An other 
reason to abandon the idea of demographic factors was 
that these statistics were produced for a variety of 
reasons but ours. The areas concerned did not coincide 
with exchange areas and so on. It was not feasible to 
process the statistics for our special purposes, espe
cially when smaller parts of communities were concerned. 

The rest of the study was dedicated to find relations 
between the basic variable "number of subscribers" and 
intragroup traffic using parameters as number of inhabi
tants and intraoffice traffic. 
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5 BRIEF ' DESCRIPTION OF THE STUDIED CITIES 

5.1 General 

Mjoelby 

Ancient mill-village in the central part of Sweden. The 
village started to grow when the railway came and it got 
rights of a corporate town in 1920. 

Malmoe 

The third largest city in Sweden. Situated near 
Copenhagen .at the other side of Oeresund. Seat of the 
provincial government; garrison, industrial and shipping 
city. 

Sundsva II 

Ancient port. Got rights of a corporate town back in 1624 
but started to grow during the late nineteenth century 
when it became a centre for the timber industry. 
Sundsvall is nowadays one of the most important industri
al centres in the northern part of Sweden. 

Some data: Mjoelby Sundsva II Malmoe 

Population centre 13000 55000 240000 

Population region 13000 95000 450000 

Subscribers 6900 27000 27700 studied exchange 

Subscribers centre 6900 28800 136500 

Subscribers region 6900 59000 253000 

5.2 Definition of geographical areas 

The average size of a cabinet area at these exchanges was 
155 subscribers. The average size of smaller concentra

,tor areas was assumed to be approximately 300 sub
scribers, which was chosen as basic area. The basic area 
was obtained either as a single cabinet area or as a com
bination of smaller areas. The basic areas therefore 
differed slightly between the cities. 

Number of subscribers in basic area 

Malmoe Sundsva II Mjoelby 

342 336 255 

To create larger areas the basic areas were enlarged by 
including 3 adjacent areas, which in turn were enlarged 
in the same manner. Thus the following principle areas 
were obtained. 

Number of Number of areas 
basic areas subscribers small town large town city 

1 'V 300 27 81 81 
3 'V 900 9 27 27 
9 'V 2700 3 9 9 

27 'V 8000 1 3 3 
81 'V 25000 1 1 

Ex i s t i ng sma II cabinet areas could in some cases be used 
to define areas with approximately 100 subscribers. This 
was however not possible for the city exchange. 
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6 PROCESSING OF DATA 

Within each area the following data were computed. 

N. the number of observed outgoing calls from area i. I 

Y. the number of 
I 

internal call s in area i. 

T. the accumulated holding time for outgoing call s 
I from area i. 

t. the accumulated holding time for internal call s 
I in area i. 

X. the number of 
I 

studied subscr i bers in area i. 

n. the total 
I 

number of subscr i bers in area i. 

The proportion of internal calls is estimated by: 

2 - ~ ~ n. n. 
I I 

~ n. ~ Y. 
P I I 

call s X~ EN. 
~ - ~ X. I 

I I 

~ X. 
I 

The proportion of holding time ie estimated by: 

~ 
2 - ~ n. n. 
I I 

~ n. ~ t. 
Ptime 

I I 

~ X~ - ~ x. YT. 
I 

I I 

~ X. 
I 

The results are shown in Figures 3, 4 and 5. 

7 EVALUATION 

Regression analysis shows that both the internal calls 
ratio and the internal holding time ratio is very highly 

correlated to a AXB-function. Even the mean holding time 

has a good correlation to a AXB-function. When using a 
two parameter expression this estimation-formula can be 
written as: 

(1) 

where X is the number of subscribers in the geographic 
area 

Y is the number of subscribers at the existing 
exchange 

Z is the number of inhabitants in the town or city 
including suburban areas 

Constant Internal call s Internal holding Mean holding 
rat io time rat io time 

Cl 0.002488 0.001208 4.288 

C2 -0.004567 -0.005591 12.25 

C
3 

-0.02432 -0.03392 -0.00549 

C4 0.6257 0.8586 0.1868 

Correlation: 0.99 0.97 0.81 
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Us ing a single pa rame t er expression the estimationformulas 
can be writt en as below, provided that the exponent is 
cal ibrat ed with t he i nt ernal ratio of the total area. 

Internal P 0.02 XA (corr. =0.98) 
ca 11 s ra t io: est 

Internal holding P 0.0068 XB (corr. =0.93) time rat io: est 

Mean hoiding P 50 XC (corr. =0.79) time: est 

Calibration: A 
In (50 . R) 

In XR 

whe re 

8 

B 
1 n (147 R) 

In XR 

C R· 0.086 + 0.094 

X is ,the number of subscribers in 
the geographical area 

R is the known internal call or holding 
time ratio in the total exchange - or 
multiexchange area. 

COMPARISONS WITH RESULTS FROM OTHER MEASUREMENTS 

(2) 

There is no possibility in Swedish exchanges to measure 
the intraoffice traffic directly. For rate calculation 
purposes however extensive measurements have been made 
during several years with a special traffic recording 
equipment. Using expression (1) we have compared estima
ted internal traffic with measured based on 1972 figures. 

Internal call ratio in a total town or city a~ea 

Measured Estimated 

Small town 57 % 54 % 

Large town 71 % 70 % 

City 84 % 85 % 

Corre 1 at ion: .99 

-For the Stockholm multiexchange area a traffic distribu
tion matrix is calculated for dimens ioning purposes. 
Using expression (2) we have compared intraoffice 
traffic measured and estimated, cal ibrating with the 
internal traffic in the whole multiexchange area. 

Internal traffic ratio in Stockholm multiexchange area 

Part of Number of Measured Estimated 
area subscribers 

1/1 723732 0.818 (cal ibration) 

1/3 229760 0.419 0. 544 

1/9 76587 0.300 0.368 

1/27 25529 0.239 0.249 

Exchange 13515 0.209 0.199 

Correlation: .99 
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9 CONCLUSIONS 

Estimation of intragroup traffic in small geographic 
areas is a quite difficult task. Demographic factors 
turned out not to be a fruitful approach. We have found 
a two parameterexpression wi t h quite good correlation to 
the three observed areas. Comparisons with the intra
office measurements indicates that measured areas are 
representative for the three classes of exchanges. The 

most useful result is the expression P = 0.02 XA for 
internal calls ratio when an existing area is subdivided 
into smaller parts. 

From the results we can see that there is a high 
community of interest within small geographic areas when 
private calls are concerned. These areas covers some 
hundred meters dis t ances and some hundred subscribers. 
This high internal private call ratio decreases when the 
area increases. Instead business calls to corporations 
and authorities take over which leads to a total increase 
of internal call ratio. 

The community of interest for private calls is strongly 
dependent on the type of area. We find a higher internal 
cal I ratio between 200 subscribers connected to an ex
change serving a village in the countryside than between 
200 neighbouring subscribers in an urban area. 

In [3] Hayward men t ions that the internal call congestion 
in a concentrator has t o be handled with care due to the 
fact that it occurs to neighbouring subscribers. In this 
respect it di f fers from intrasubscriberstage congestion 
that occurs to subscribers spread out in the whole ex
change area. 

In the di scussion of the importance of the intragroup 
traffic in small geographic areas the Administration has 
to keep t hese differences in mind when deciding whether 
a concentrator should have autonomous internal traffic 
fac il ities or not. 
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