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Sixth International Symposium on

Human Factors

NORMAN GLEISS, SWEDISH TELECOMMUNICATIONS ADMINISTRATION, STOCKHOLM

(]

LIDC 621.395:658.3.041
0a7.51
LME 5811

During the week fune 26—30, 1972, the Sivth haternational Svmposium on
Human Factors in Telecommunications was held in Stockholm. According 1o
the directives for the svmposivm the following subject fields were to he dealt
with:

“Man-machine problems of users of the Telecommunications Services (cus-
tomers, operating and maintenance persomnel) ax they are affected by human
communication capabilities, limitations, preferences, needs and wants. Problens
concerning the internationel network are of special concern. Contributions need
nae be restricted to audio telephony bui may also cover visual conumunications

and the transmission of dara.”

Background and Organization

The term human facrors s used chiefly i the USA. whereas in Europe and
Sweden the term ergonomics is preferred. The latter term was introduced after
the second world war when attempts to establish interdisciplinary research were
made on a major scale. Ergonomics signities the application to practical prohlems
within industry, communications etc. of the knowledge about man derived from
experimental psychology and physiology. It is thus a question of interplay be-
tween behaviourial sciences and the engineering art. with the aim of attaining
satisfactory adaptation between man and machine.

The first symposium of this kind was held in 1961 at Cambridge. England.
and was followed by others at two-year intervals at Copenhagen, the Hague.
Bad-Wiessee and London. The Stockholm meeting was the first in Sweden.
The Swedish Telecommunications Administration and L M Ericsson! acted as
joint hosts for the symposium,

The working week consisted of four days with sessions and discussions and
one day for excursions. Altogether some fifty papers were presented at the ses-
sions, dealing chiefly with the following subjects:

The telephone subscriber’s behaviour
Communication man-machine

New telecommunications services
Public telephones

Instructions to users

Dialling and data transmission
Telephone directories

Legibility of visual displays
Videotelephones

Sound transmission quality
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Fig. 1

The Human Factors Symposium in Stock-
holm 1972
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The Sessions

Among the papers may be mentioned one group dealing with the significance
ol telecommunications for the social structure. A practical study has been made
of the possibility of discussion and negotiation between parties in different parts
of the country via a conference telephone system with or without video trans-
mission. Problems arise particularly in conjunction with decentralization ol
enterprises. The most active group within this field is the Joine Unit for Planning
Research in London. Methods deriving from this unit were used in the investiga-
tion carried out by the National Swedish Civil Service Department on the fre-
quency of contact between government administrations. "KOMM 717, in the
autumn of 1971, Research within this field may have practical consequences for
the conference telephone services which telephone administrations are expected
to offer in the future.

In conjunction with the introduction of new telephone services. such as call-
back and call transfer, there is reason to question to what extent services of this
kind, which today exist in certain PABX. are in fact used. It is found that seldom
utilized functions, for example alarm or special services. are forgotten so com-
pletely that in reality they never come into use. The remedy for this situation is
a problem of instruction.

Easily understood instructions. for example in the form of symbols for users
of coin box telephones, are also of great importance.* The problem arises not
only for foreign visitors, but also for users within the country who have no
telephone of their own and whose lack of familiarity with the telephone deters
them from using a complicated coin box telephone. The same applies to emer-
gency telephones along main roads.

Another problem dealt with in several papers is the long numbers which must
be dialled for setting up international calls. A suitable division into digital groups
may simplify dialling, as also may the replacement of the dial by a keyset. The
keyset can be used also for transmission of data, which also permits bank trans-
actions, ordering of goods etc. to be done via the telephone network in direct
communication with computers. Speech communication between man and
computer is also conceivable and was dealt with during the symposium.

Another subject field was Human engineering, which is concerned with how
telephones and systems should be designed for convenient handling and quick
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service. This applies not least to equipment which is used on a professional basis
by telephone and telex operators.

OF particular interest at the present time is the videophone and the advantages
it may bring. This tormed an important part of a special discussion on Inrer-
personal Conmnication (which is a different subject than Man/machine com-
munication), Other papers dealt with the legibility of digits and symbols shown
on visual displays. The use of such displays is already of interest. among other
things for directory assistance service.

Almost a whole day was devoted 1o speech transmission problems. This in-
cludes questions of sound quality both technically and as experienced by the
subscriber. Experiments are being made in the replacement of the old carbon
microphone by a stable element which provides a better sound quality. The
results of such tests, on which the Telecommunications Administration and L M
Ericssan are engaged. were presented. It has proved difficult, as also in conjunc-
tion with other technical changes in the properties of a telephone connection.
to tind a reliable measure of listeners’ reactions to the change. It is not econo-
mical to introduce quality changes which are unnoticed by subscribers.

Another field which was discussed was voice-switched loudspeaking tele-
phones. Computers were used for this purpose, both for study of the time struc-
ture of speech during actual telephone conversations and for simulation of the
properties of voice switching circuits. The properties could at the same time be
judged by listening tests controlled by the computer instead of the experimenter.

Within the speech transmission field there were also a numher of papers on
maore conventional problems such as measuring methods for telephone receivers
and microphones. the effect of bandwidth on sound guality, crosstalk criteria ete.
These problems normally fall within the field of activities of Study Group X1
of CCITT. whercas human factors in other respects are chiefly dealt with by
Study Group I, Working Party 5.

All papers and discussions from the symposium are now available i the form
of a book which is being distributed by the Swedish secretariat.

References

. Jacopxus, C.: Transmission and Grade of Service — are Our Present Norms
Correet! Ericsson Rev. S001973): 1. pp. 5—10.

2 Ericsson. B A Man and Telephony. Ericsson Rev. 49(1972): 4, pp. 139—150
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Transmission and Grade of Service —
Are Our Present Norms Correct”?

CHRISTIAN JACOBAUS, TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM

ERICSSON REVIEW No. 1. 1973

UDC 621.391.8
621.395.31

LME 5408
8071
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This paper is a revised version of the opening address ar the International Syini-
posivm on Human Factors in Telecommunications in Stockholm, June 1972,

The author poses the fundamental question whether ouwr telephone plants are
properly dimensioned. Have we a resonable balance between transmitted band-
width and grade of service (congestion) in the network? The article also illus-
trates some fundamental difficulties encountered by the researcher in this field.

The reason why transmission and grade of service (or the reverse concept
of congestion) are taken together, and also contrasted, is that these two para-
meters largely determine the dimensioning of telephone plants. Both parameters
are directed to the quality of the plant — viewed from the users’/subscribers’
aspect. Grade of service is a parameter which has a direct influence on quantity
— p.e. the number of switching devices and trunks — while the quality of trans-
mission determines how much each circuit will cost (at least as a first approxi-
mation). Within the framework of a given total cost, accordingly. one can vary
the plant in different ways depending on how quality of transmission and grade
of service are weighed against one another,

How should this weighing be done? Is the present practice the right one?
We shall return to this matter after we have had a closer look at the two concepts.

Quality of Transmission

The main concern of transmission is to attain intelligibility of transmitted
speech and, secondarily, naturalness of transmitted speech. The quality of trans-
mission is determined. as is known. by a number of parameters such as attenua-
tion, crosstalk, return loss, transmission time. noise, bandwidth. The point which
is chiefly open to debate is bandwidth. The other parameters are. of course. very
important, but the possibilities of variation appear, purely technically. to be
better in respect of bandwidth.



Ihe table shows the relation between HIY
line cost and terminal cost per channel in
a coaxial system. The costs are calculated
in Swedish crowns.

6

As regards the perhaps most important factor, attenuation. it is primarily
determined by the local networks up to the 4-wire point. The attenuation on the
actual trunk circuits is close to 0. Gain on trunk circuits can hardly be allowed
in view of the risk of singing on certain connections. In other cases the values
of return loss that can be obtained require a positive attenuation in the trunk arca

It has proved to be rather difficult to get a grip on why a total bandwidth of
4,000 Hz with speech transmission within the range 300—3.400 Hz has been
adopted. In the course of time the frequency range has been pressed upwards,
The loadings that were common in earlier periods had cut-off frequencies as low
as 1.800 Hz, which was clearly too little. But why was it decided to adopt 3.400
Hz? The reason probably was that at this cut-off frequency one gets very sood
intelligibility and that the carrier terminals had reasonable types of filter. At the
same time telephone receivers could be made which functioned well up to this
frequency. We may draw the conclusion that. as intelligibility was practically
perfect, there was no reason to raise the bandwidth any higher, especially as there
would probably be certain difficulties in the design of telephone instruments.
We can now recognize, however, that the technical conditions have changed in
a drastic manner. We can now design telephone instruments with semiconductor
amplifiers which, without being too expensive. cover a larger frequency range.
There is also the possibility of compensating the higher attenuation in local net-
works at high frequencies, When it comes to the carrier networks the bandwidth
has, as one says, become cheaper through the advent of new systems with a
larger transmitted bandwidth. In a coaxial carrier system. for mstance, the ter-
minal cost per channel durig the last 20 years has fallen in current monetary
values to half, while the circuit cost including amplifiers has gone down to one-
sixth. And this is so although the cost of cable has risen on account of the higher
price of copper. These terminal costs relate to the actual multiplex costs. 11 the
exchange portion is included. the cost comparison will be even more to the
disadvantage of the terminal equipment. as the exchange cost has risen rather
than fallen. The result. as seen from the table, is a total change of the cost rela-
tions by a factor of 4 to 5.

The automatic exchanges of ordinary tvpe. e, electromechanical. and also
electrenic with space division, have no difficulty in passing a higher frequency.
In some cases, however. one must be careful about crosstalk at higher frequen-
cies. An alternative to raising the upper cut-off frequency is to reduce the lower
cut-oft frequency. Several investigations have indicated that this would have
considerable benefits from the point of view of transmission. But unfortunately
it would mvolve rebuilding of all old exchanges. as the current feed bridges
would have to be redimensioned. In the frequency division carrier systems a

Terminal cost/channel HF line cost/channel
per km per 100 km| per 300 km |per 1 000 km
1952 | 1972 ||1952| 1972 | 1952 | 1972 | 1952 | 1972 | 1952 | 1972
C. U
Multiplex 3000|1200|| 25 4 2500| 400 | 7500|1200 (25000(4 000
Exchange 2000|2500
Total 5000|3700 50003 700|5000|3700|5000|3700
HF line cost/terminal cost 05 | 011 | 15 [032]| 50 | 14
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reduction to 200 Hz also seems to involve problems in conjunction with outhand
signalling. In the long run as well, therefore. a reduction of the lower cut-off
frequency will be a less attractive alternative.

It would be natural that, if bandwidth has become cheaper in relation to other
parts of the plant, a greater use should he made of it at the expense of other
characteristics. It it is considered that the present bandwidth is the most favour-
able in the situation today, one must conclude that we have earlier used too great
a bandwidth!

Probably, however, there will be reason to depart from the present standard
it one wishes something over and above intelligibility. This would be naturalness
of speech, i.e. what is heard in a receiver should resemble more closely what s
heard in a conversation between the same two persons in a room, This would.
of course. have subjective advantages. be more pleasant, less tiring and, in the
case of a loudspeaker telephone for example. would vield also objectively mea-
surable improvements.

These ideas have also been confirmed to some extent by investigations in other
fields. Norman Gleiss of the Swedish Telecommunications Administration has
published the results of an ivestigation of the significance of bandwidth. among
other factors, for the quality of radio transmission'. He found a very pronounced
subjective improvement of the relative quality on raising of the upper cut-off
frequency. ATT have also found an increasing preference for higher bandwidths,

We see here an example of two common difficulties encountered in research
in this field. One is the habituation in subscribers’ evaluations through their
familiarity with the telephone as it has been and as it is. Force of habit differs
in different people. and one can also trace a difference of general attitude to
innovations in different countries, Habituation introduces a conservative feature.
Within telephony it will reinforce the “conservatism of capital” due to the large
mvestments in existing plants with which all innovations must be compatible.
On economicotechnical grounds therefore. changes take place slowly and are
never radical.

The second difficulty is the subjective evaluation itself. How should the sub-
scriber/experimental subject grade his judgement? What are his points of
reference? One must also expect subjective evaluations to be subject to change.
We do not know whether the investigations made today will be relevant in 10 or
20 years” time. To take a drastic example. in 20 vears’ time a guarantec of
secrecy of conversation against unauthorized listening will perhaps be more
important for many people than betier transmission.

These difficulties presumably exist within almost all spheres where the human
factor enters into the picture. It is therefore no new problem for the sociologists.
for example: but for the engineers. who usually work with measurable. repro-
ducible and unchangeable magnitudes, this is a new feature which for some may
be felt to be frustrating.

Through very widely organized experiments it would be possible to find out
what subscribers are willing to pay for an increased bandwidth. but it is ques-
tionable whether this possibility is not entirely theoretical. The experimental
area would have to be divided into subareas. each of which would have a given
bandwidth and corresponding subscription and call charges. From time to time
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a permutation would be made between areas in respect of bandwidths and
charges. At the end of the series of experiments the subscribers could state which
alternative they consider most desirable. There is hardly any other organization in
the world than ATT with the resources to carry out such an investigation: but
it is extremely doubttul whether. on policy grounds. they would be willing to do
so. If one carries out investigations without varving the charges, one gets a wrong
result. Subscribers will always say ves to improvements which do not cost them
anything. (An example ot this 1s pushbutton dialling, which in all investigations
has met with an enthusiastic response. When. thereafter. its introduction was
associated with a rise of charges, it was treated with great hesitation.) As regards
bandwidth. as also other measures of guality. one may be sure that the evaluations
tend toward higher quahity, In 10 vears, perhaps. the present channel division ol
4.000 Hz will be felt to be as antequated as we now consider the bandwidth of
1.800 Hz for loaded circuits.

Most of our circuits in the world today, apart from urban areas, have a 4.000
Hz channel division. But we have very much larger investments ahead. Take.
for example. telephone instruments, which today do not reproduce higher fre-
quencies than 3,400 Hzo Should we not consider whether it is really correct to
bind ourselves to the present standard for all future time? When we start to have
integrated exchanges and transmission on a PCM basis. it will probably be too
late to do anvthing about it

Grade of Service

If we now pass on to grade of service, or its reverse concept of congestion, we
find the conditions to be different from many points of view. Here there are no
general congestion norms, but each administration has followed its own standard.
The congestion between two subscribers in a national network is generally kept
low — in the busy hour perhaps one or two per cent of calls between two arbi-
trary subscribers are rejected. It has been remarked that this is really a good
standard — the main reasons for unsuccessfull calls being that the called sub-
seriber is engaged or does not answer: perhaps up to 159/, of the calls are lost
in this way. But it must be noted that there must be a certain overcapacity in the
network to meet unusual peaks of traffic. These occur in conjunction with dif-
ferent events in a community. pseudo or real events. Itis especially important in
critical situations that the telephone network should have an adequate capacity.
as otherwise the community cannot function as it should. Tt should also be
pointed out that in a fully automatic svstem the subscribers must have an ade-
quate grade of service. as in a multiexchange network the queuing arrangements
hardly function.

Here, too. of course, there is the question of habituation of the subscribers to
a certamn quality of service. Impairment of the service initially results in com-
plaints from the subscribers. but after some time they become accustomed to it
and the complaints disappear. There is hardly a trend to a higher level of grade
of service — but rather to an increase of congestion.

It may be worthwhile to mention a contribution by the pioneering Swedish
traffic researcher Conny Palm. In a posthumous paper published in TELE
19522 — for that matter one of the first in which a traffic researcher seriously
considered the effect of “human factors™ — Palm discussed the subscriber’s
reaction on encountering congestion in a loss system and in a delay system. For
delay systems Palm introduced the subscriber’s irritation at any moment as a
magnitude increasing with time. The inconvenience is defined as the sum of the

8

T DI OoOomaT

DTN N

1973



ERICSSON REVIEW No. 1, 1973

irritations experienced up to the moment in question. The mconvenience can be
written

¢
!(r]-_—__ll A
|-I-x.!

Palm succeeded in determining the magnitude 7 by analysing measurements
ol the delay in replacement of the handset by a subscriber who had dialled an
unobtainable number. (The carlier Swedish systems did not return a “number
unobtainable™ tone.) 7 was found to be close to 1, which means that the irritation
felt at any moment is proportional to the delay.

Palm did not, however, discuss how the subscribers” experience ol the service
affected their irritation, nor what trend may be expected in subscribers” evalua-
tions,

In contradiction to bandwidth, it is fairly easy 1o change the congestion 1p a
network. As the traffic constantly increases. congestion can be increased by
somewhat postponing the extensions of junction and trunk lines, and in the same
way it can be reduced by installing additional circuits, The problem is simple
from the technical aspect and the economic consequences are entirely survey-

able.

Transmission Versus Grade of Service

Now that we have had a closer look at our parameters of transmission and
erade of service we come back to the original question: How to weigh the two
parameters against one another? First it may be said that no such weighing has
taken place in a conscious manner. As will have appeared. a certain practice
has developed which, however, is rooted in a technique which in several respects
is now ripe for discarding, It is also coloured by the valuations — which in
themselves need not be antequated — which existed 30-40 years ago.

It should be mentioned that some 10 years ago Yngve Rapp of L. M Ericsson
made an attempt 1o obtain a point of comparison between congestion and quality
of transmission. He based his approach on the fact that, under conditions of poor
transmission. conversations tend to be longer owing to questioning, and perhaps
hecause it is necessary to speak more slowly and clearly. This approach led to
certain results, but a number of assumptions had in such case to be made as to
how much the subscriber’s time was worth, etc.. which must be regarded as
entirely uncertain. Also it was not possible to take into account the costs due to
possible misunderstandings between subscribers. Furthermore. it was not con-
sidered that such poor transmission could be offered to subscribers that any
measurable results could be gained within a reasonable time.

As far as is known, no other studies have been published which have thrown
light on this question. We are presumably faced with a question of “policy™. Its
decision must be a matter of judgement on the part of administrations. There arc
very many such questions of priority in our society. which are usually decided
at a political level. Telephone administrations undoubtedly have many other
similar questions, for example tariffs for different services. the quality of service
for the network. how quickly faults should be repaired etc. The guestion of
quality of transmission versus grade of service is perhaps more closely associated
with technology than most other such questions. These questions. and especially
people’s attitude to them, however. are to a large extent a grey area. If these
remarks can stimulate to increased research within this very important sphere.

0
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administrations would have a more solid ground on which to base their decisions,
One may also hope that the decisions made on the basis of this extended know-
ledge will have a greater length of life. It should be an attractive sphere also for
researchers. as it concerns the very heart of telephony. For all too long a time the
multitude of detailed investigations has pushed fundamental problems aside.
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In-dialling
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By in-dialling is meant that the public subscriber can directly dial an extension
of @ PABX without the assistance of an operator. In-dialling can be used both
on local, long-distance and international calls, It results in a shorter setting-up
time and is more convenient than conventional connection via an operator, The

introduction of in-dialling reduces the operaror’'s work by up 1o S0 /.

It is estimated thar for a large or medinm-sized city abour 40 %y of all rele-
phone traffic terminates on PABX's. When in-dialling becomes more conunon,
accordingly, a large part of the rotal telephone traffic of a citv will be affected.

This article dealy with questions of principle and general solutions to problenis
i conjunction with in-dialling.

Advantages of In-dialling

In-dialling offers the following essential advantages:

— Convenient procedure and gain of time for the public subscriber. who can
dial or key the wanted extension’s number direct.

— Fewer PABX operators are required since all in-dialled calls are set up
automatically.

— Fairer charging, as metering does not start until an answer is received from
the called extension. On operator-handled traffic, on the other hand, me-
tering starts when the operator answers. irrespective of whether an answer
is received from the wanted extension or not.

— Shorter setting-up time as the connection is obtained direct. The gain in time
is about 25 sec (fig. 1). The load on the public network is naturally reduced
to a corresponding extent. so that more paid traffic can be carried over the
same equipment.

— Increased call rare as, owing to the guicker and more convenient procedure.
the subscribers are encouraged to use the telephone 10 a greater extent.

I
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In-dialling traffic

Fig. 1

Comparison  between setting-up  times  for
operator-handled and in-dialled calls

SL Subscriber’s stage

Group selector stage
i ntic branch exchange

Fixed-length or Optional-length Numbering

ipment for in-dialling route On the introduction of in-dialling a choice has to be made between fixed-

FDR-C  Two-way line equipment in PABX g o T : ¥
oP Overator's position quinment in length and optional-length numbering.

PABX
rs Ih-;:i_ﬂt-r l'inder_ ) - _ : : : )
REG-D  In-dialling register 2 With fixed-leneth numbering the in-dialling numbers of the PABX extensions
FIR-DC  One-way in-diall line equiy nt L > =

form part of the normal numbering scheme of the public network. They con-
tain the same number of digits as a normal subscriber’s number.

[he advantages of fixed-length numbering are:
— Convenient for subscribers.
— Minimum risk of wrong dialling.

Number of digits to be transmitted forward in a network can easily be ac-
commodated to CCITT's recommendations!, according to which max. 12
digits may be transmitted on international circuits. Administrations should,

however, attempt to reduce this number as tar as possible.
— Shortest possible setting-up time.

— The numbering principle is well adapted to register- or computer-controlled
telephone systems, which are the chief systems being installed today.

When in-dialling is introduced on a major scale and with fixed-length num-
bering. the numbers in present numbering schemes will be more quickly used up.

1‘) ERICICAN REVIEW Na 1 1973
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which means that new numbering schemes must be introduced or a change must
be made to numbering schemes with larger number of digits. For the PABX
owner, therefore, the introduction of in-dialling may mean that the number
must be extended by an additional first digit or in some cases that the entire
number must be changed.

In the planning of in-dialling numbering schemes attention should be paid to
the fact that the last part of the in-dialling number is at the same time the internal
number within the PABX owner’s numbering scheme.

The in-dialling number consists normally of 5-7 digits. The required number
of digits (the first digits of the in-dialling number) arc used to control one or
more selector stages in the public exchange, whereas the remaining 25 digits
(depending on the size of the PABX) are used to control the PABX selector
stages.

As register-controlled systems are not directly tied to a specific number of
digits for operation of the various selector stages. in-dialling routes to exchanges
with ditferent lengths of number can be inserted in the same selector stages
without departing from the fixed-length numbering principle. This is of interest
when PABX's with different lengths of number are to be connected to the same
selector stage.

With optional-length numbering. which is often used in networks with step-by-
step svstems, the caller dials the PABX in-dialling number followed by the in-
ternal number of the wanted extension. The length of number will thus vary
according to the size of the PABX. Generally this form of numbering scheme
results in different lengths of number for in-dialling subscribers and other sub-
scribers directly connected to public exchanges. The in-dialling subscribers will
then have the longer numbers.,

How Can In-dialling Numbers be made known to
the Public?

As it is impossible to record all in-dialling numbers in public telephone direc-
tories. other methods must be adopted in order to get people to use these num-
bers. Large companies usually draw up internal telephone directories. and these
can of course be distributed to people who have frequent contact with the com-
pany. Information concerning in-dialling numbers can also be given. for example.
by indicating on the company’s letter paper the name and in-dialling number of
the person responsible for a given matter?. The staff should also be encouraged
to inform people outside the company concerning their in-dialling numbers.

After introduction of the in-dialling facility the load on the switchboard
operators is successively reduced. as subscribers fairly soon learn to use the much
more convenient in-dialling method.

Application of In-dialling

The most interesting application for in-dialling from the economic aspect
should be large PABX's, in view of the gain both to the PABX owner and to the
telephone administration.

The routes to such PABX's are inserted in the group selector multiple at the
public exchange (fig. 2). The introduction of many in-dialling groups often ne-
cessitates a larger group selector multiple. In ARF 102 this problem can suitably
be solved by using the three-stage group selector with a capacity up to 1.600
outlets? (fig. 3). In some cases it may be better to insert an extra group selector
stage to cater for the larger number of routes (fig. 4).

,_.
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Fig. 2

Trunking diagram for ARF 102 exchange
with in-dialling route to PABX

FUR, FIR line equi for outgoing and
lm:mmng calls to and from other
exchanges

(1 Incoming traffic from PABX can
also be in-dialled as per (1A) in
fig. §

2) The in-dialling route can also be
connected as per (2A) and (2B) in

figs. 3 and 4

(&3] The line eguipment may be one-way
or two-way with or without signal
conversion, see (3A), (3B) and (3C)
in figs. 6, 7 and 8

Fig. 3

To permit connection of a large number of
in-dialling routes 3-stage GV are used in an
ARF 102 exchange

Fig, 4
A separate outgoing GV stage for in-dialling
routes may be a satisfactory alternative for

exfension of the multiple capacity of an
existing GV stage

GUY  Group selector stage for outgoing traffic

14

On the introduction of in-dialling the PABX's concerned will be integrated
in the local network, in which case the normal signalling principles of the local
network should preferably be used also on the in-dialling routes. This leads to
greater speed and efficiency. and the requirement of equipment is reduced.

MFC (Multi Frequency Code) is today being increasingly introduced as re-
gister signal system in local networks and should in such case be the first choice
for in-dialling routes. Other signalling systems as well exist to a greater or lesser
extent in local networks, but in these cases the question of introducing in-dialling
must be the subject of special study,
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Fig. 5
With high traffic per line, incoming traffic from PABX is connected directly to the GV
stage via IL and SR

Fig. 6
If signal conversion is required on the in-dialling route, FUR-X is connected via RS to
the signal conversion equipment REG-X

Fig. 7
With moderate traffic between PABX and ARF 102 it may be most economical to use two-
way circuits as shown in the figure

If signal conversion is required on an in-dialling route with two-way circuits, FDR-X is
connected via RS to the signal conversion equipment REG-X
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Fig. 2, with additions as shown in fig. 3—8&, provides a general picture of the
in-dialling principle applied to crossbar exchanges with fixed-length numbering
and MFC signalling in the local network. A suitable solution in the individual
case will be dependent on the size of the PABX and on the signalling system

employed. A few common solutions are presented below.

A large PABX has one outgoing and one incoming route, viewed from the
public exchange. The outgoing route, the in-dialling route. passes through
FUR-X. As there is no signal conversion device. it is assumed that MFC signalling
is used and that the PABX 1s adapted to this signalling system. Depending on the
traffic intensity the incoming route is connected either to the SL stage or via 1L
and SR to the GV stage (fig. 5). At an overload exceeding (1.5 erlang per circuit,
connection to the GV stage is often the most economical solution. If the PABX
can accept only decadic signalling, an REG-X will be required in addition (fig.
61 to convert MFC to decadic pulsing.

For a mediun-sized PABX a two-way route, connected to the GV and SL
stages. 1s advantageous (fig. 7). MFC signalling 1s assumed. Fig. 8 shows the
same arrangement but with conversion from MFC to decadic signalling.

For a small PABX the two-way in-dialling route should be connected to the
subscriber’s multiple in the public exchange, This requires certain additional
equipment., and in older exchanges involves modifications as well.

These solutions cannot be used for all telephone systems, and therefore special
studies may be required when in-dialling is to be introduced, especially in older
telephone systems. If there is already MFC signalling in the local register for
other purposes, this facilitates the solution of the in-dialling problem. It should
be noted, however, that in old telephone networks modern equipment is often
used for their extension, Tt is then natural to connect the in-dialling subscribers
to the modern equipment, thus facilitating the introduction of in-dialling and
reducing its cost. This can be done, for example. when there is old and modern
cquipment in the same building.

Summary

The introduction of in-dialling brings advantages not only for PABX owners
and telephone administrations, but also for subscribers. The main benefit, how-
ever. is for PABX owners, as a large part of the work of operators disappears.

The remaining operators will have more time to devote to callers and can
give an even better service, which should increase the goodwill of the company

With in-dialling. accordingly, telephone administrations can offer the public
a more convenient and quicker service. The investment necessary will bring a
satisfactory return, as more paid traffic can be carried with an unchanged quantity
of equipment. The charge for a PABX with in-dialling facility should reasonahly
also be higher than for an ordinary PABX.
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PABX In-dialling
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The introduction of in-dialling in PABX's means that a large proportion —

perhaps 7500y or more — of the incoming calls to an organization are put

throwgh fully automatically, thar iy withowt the assistance of a PABX operator.

The organization can make considerable savings, as fewer operators will be

reguired. Time is saved for the caller, ay calls are ser up more quickly.

The article deals with the technical prevequisites for the introduction of in-

dialling and with the questions of a technical and economical nature which must

he taken into account.

Technical Prerequisites

The in-dialling equipment needed in a PABX will depend on the type ol
public exchange to which it is connected. The public exchange may be of step-

by-step or register-controlled type.

In a step-by-step public exchange the in-dialling lines are usually connected
to a suitable group selector stage, and the PABX replaces the final selector stage
and, in the case of large PABX's, one or more group selector stages. In the case
of small PABX's connection can be made to a final selector stage with PBX
hunting. The last digits of the in-dialling number, which may be longer than an
ordinary subscriber’s number, are the same as the PABX extension number.
The digits are transmitted decadically in the form of DC pulses to the PABX
without check of transmission. and the receiving devices on the PABX must
therefore be set up quickly when a call appears. The first digit of the extension
number may have to be stored in line repeaters of the PABX.

At register-controlled public exchanges the in-dialling lines are connected
to a suitable selector stage. The in-dialling numbers usually form part of the
public number series and have the same length as ordinary subscriber numbers.

The digit transmission can be effected by decimal DC signalling. Often, how-
ever, the digital information from the public exchange registers i1s not decimal
but must be translated in the PABX equipment.

In modern public automatic systems MFC signalling from the registers has
become increasingly common. The advantage is that the signalling is entirely
controlled and is very quick. which reduces the number of registers. The cost
of the necessary v.f. signalling receivers. however. is higher than for pulse re-

ceivers with DC signalling.

The lines to the public exchange may be one-way or two-way. The latter cost
more but are used for small groups of circuits as they provide better circuint
utilization. The in-dialling lines, however. should be one-way. as this allows
optimal utilization of the in-dialling equipment.
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For the choice of suitable PABX equipment for in-dialling the following data
are required:

— type of public exchange
— type of line signalling

— resistances, voltages and time conditions for different line signals

A complete line signalling schedule is also needed, which should contain the
instructions which must be transmitted from the PABX to the public exchange
concerning the state of extension lines.

Matters for Consideration when Introducing In-dialling

From the dialling aspect there is no difference between in-dialled and ordinary
calls: the caller has merely to dial the required number of digits. On grounds ol
space. however, the in-dialling numbers cannot be included in the public tele-
phone directory but must be notified to the public by other means.

Calls to an ordinary subscriber fail if they are not answered or if the sub-
seriber s engaged, and must be repeated later. The same applies to in-dialling:
but here the risk of failures is greater. The wanted person may be out of his
room or engaged in a long telephone conversation and the result may be a large
number of unsuccessful calls which load the public network with unpaid traffic.

The situation differs if a call is placed through a PABX operator. The operator
can inform an engaged extension that a call is waiting and can park the call on
the engaged line. As long as conversation has not started. the operator is recon-
nected to the line at regular intervals. If desired. she can also transfer the call
to another extension. An unanswered call to an unengaged extension is super-
vised in the same way, but in this case. after a given time. it is automatically
transferred to another person — for example a secretary — who takes it over
and relieves the load on the operator. But on grounds of cost only a limited
number of extensions are equipped with this facility.

With in-dialling, accordingly, the calls will fail which meet engaged condition
or which are not answered, possibly after transfer. The disadvantage of repeated
unsuccessful in-dialled calls can, however. be eliminated by redirecting them
to a PABX operator. The calls can then be dealt with in the same way as if an
operator were called direct.

The following solutions are conceivable:
— calls which are not answered within a given time are diverted to an operator

— calls which meet engaged condition or calls to vacant or restricted service
extension numbers are diverted direct to an operator and ringing tone is sent
to the calling party.

The PABX equipments are so designed that the operator is informed of the
desired extension number and the reason for failure — no answer, engaged.
vacant number or restricted number. The operator can then notify the caller
of the reason for the failure.
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The extent to which this service — which need not apply to all extensions —
should be used depends upon the attitude of the telephone admmistration and of
the PABX owner and must be established from case to case. The caller’s desires
should also be considered.

The service has both advantages and disadvantages:

— for the telephone administration the number of unsuccesstul calls s re-
duced, and therefore also the unpaid load on the public network

— for the PABX owner the need for operators increases, but in return a better
telephone service is provided for customers. which may be of significance

— the caller avoids the irritation of repeated calls. which should make in-
dialling more popular. But he is charged for the call in the same way as for
a direet call to the PABX operator, which some people consider a disadvan-
tage — especially private callers. For business and service calls the situation
should differ. as the cost of the call is slight compared with the advantage
of obtaining quick connection, The experience from PABX's where diversion
to an operator has been introduced shows that this service is appreciated.

Economic Aspects

In PABX's with in-dialling facility it is common that all incoming lines are
in-dialling lines, among other reasons because it is difficult in advance to decide
how great the in-dialled traffic will be. In-dialled traffic may also vary with the
time of day. the scason of the year ete. Calls placed through an operator also
enter on the in-dialling route but are diverted to an operator after number
analysis in the in-dialling register.

The setting-up time for an incoming call placed through an operator is around
17—22 sec. The corresponding time for an in-dialled call varies between 3.5 and
9 sec depend on the signalling method. See figs. 1 and 2.

Assuming that the mean conversation time is 150 sec. the total mean occupa-
tion time for the circuit is reduced by 4.5—11 "/, for in-dialling lines compared
with exchange lines served by an operator.

Fig. 1

Setting-up time in a PABX with manually
served incoming traffic

HC Main exchange 17—22 sec

SL Extension stage

FDR-C Exchange line Operator switching time

orP Operator’s console Selting-up time in the PABX
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Fig. 2

Setting-up time i a PABX with automa-
tically switched incoming traffic

FIR-D Exchange line, in-dialling
REG-D In-dialling register

3.5—9 sec
Connection of REG-D

Signalling
Setting-up time in the PABX

The reduction of traffic implies that the number of incoming lines can in
certain cases be reduced. A route with 50 incoming circuits for operator-switched
traffic could be replaced by 47 in-dialling circuits it 809/, of the traffic is in-
dialled and if the mean occupation time for the circuits with in-dialling falls
by 11 %y,

The chief gain, however. and the actual object of the in-dialling service, is to
reduce the number of operators. Fig. 3 shows the number of operators as func-
tion of the number of extensions both for in-dialling and for fully operator-
switched incoming traffic. No attention has been paid to operator-switched out-
going traffic or to unsuccessful in-dialled calls diverted to an operator. But it
may be presumed that the traffic diverted from the in-dialling equipment to
operators 1s of a more ume-demanding nature.

The following assumptions have been made in the calculations:

Total traffic 0.1 erl./ext.

Incoming external traffic (A ;) 0.02 erl./ext.

In-dialled traffic 40 9/y and 80 /g of incoming traffic
Operator traffic (A ) 1/8 of incoming external traffic (Ay)
Max. traffic per operator 0.7 erlang

1 0/ of incoming calls are allowed to wait 30 sec for connection to an operator.

The reduction in number of operators’ positions is very slight for small
PABX's. but for PABX’s with more than 2,500 extension lines the relative re-
duction is almost constant. The number of operators in large PABX's falls by
one-third when 40 9/, of the incoming external traffic passes via the in-dialling
equipment. This is a considerable reduction and leads to a corresponding reduc-
tion of equipment and cost. Furthermore a smaller floor area is required for the
operators’ room. The space requirement in the automatic switchroom is reduced
only slightly. since the in-dialling equipment requires space for markers and
in-dialling registers which are not required in PABX s without in-dialling facility.

The equipment cost for a PABX with in-dialling facility may be higher than
for a corresponding PABX with entirely operator-switched incoming traffic.
In large PABX's the costs are roughly equal or even lower for in-dialling ex-
changes. This is because the cost of operators” equipment falls by an amount
roughly equal to the price of the in-dialling equipment. Fig. 4 shows the relative
cost for PABXs of types AKD 791/3 and AKD 792 furnished with in-dialling
facility. The cost has been indicated in per cent of the cost for a corresponding
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Fig. 3 (left)

Number of operators for different sizes of
PABX with and without in-dialling

Fig. 4 (right)

Equipment costs for PABX's equipped for
in-dialling in relation to corresponding
PABX's without in-dialling

ERICSSON REVIEW No. 1, 1973

PABX of the same size without in-dialling. The cost comparison is based on the
following assumptions:

Total traffic 0.1 erl./ext.
Total internal traffic 0.06 erl./ext.
Incoming external traffic 0.02 erl./ext.
Outgoing external traffic 0.02 erl./ext.

5 /g of the in-dialled calls are assumed to be diverted to an operator.

Of considerably greater interest than a comparison of the equipment cost s
a comparison of the personnel costs for PABX's with and without in-dialling
facility. The reduction of personnel is often greater than the reduction in num-
ber of operators’ positions, since the PABX is usually in service for a longer time
than an operator’s working day. A general comparison is very difficult to arrive
at, as salaries vary greatly between different countries.

In the economic assessment it is also necessary to take into consideration the
charges made by the telephone administration for connection of in-dialling lines
to the public network. The practice adopted by different administrations in this
respect is, however. not dealt with in this article.

PABX’s with In-dialling

The type of business conducted. as also the organization of the enterprise.
are decisive factors as regards the reduction of cost attainable through the in-
troduction of in-dialling,

In organizations with units spread over a wide area. but with high telephone
traffic between units, in-dialling should bring economical and practical advan-
tages. Extensions of the PABX's probably know the extension numbers of
those with whom they normally have contact within the organization. If not,

21



they can easily look up extension numbers in. for example. a common telephone
directory for the entire organization,

Fig. 3 shows that the reduction in number of operators becomes noticeable
only for PABX's with more than 2,000 extensions. It should be observed that
the diagram does not relate to any particular PABX system but is of general
relevance under the stated conditions. It will be seen from the diagram that
PABX’s with less than 25 extensions need only one operator. For such organiza-
tions. therefore. there can hardly be any economic motive for the imtroduction
of m-dialling.

Fig. 4 shows the relative increase of cost due to in-dialling equipment. The
increase is greatest for small PABX's but diminishes with increasing size of the
PABX. The diagram is constructed for AKD 791/3 and AKD 792 and in prin-
ciple applies only to these systems. By comparing figures 3 and 4. however, one
can draw the conclusion that in-dialling is a traffic facility which 1s best suited for
organizations with a few hundred up to several thousand extensions.

1. M Ericsson’s experience from organizations where in-dialling has been intro-
duced shows clearly that in-dialling is a very highly appreciated and widely used
traffic facilitv. In-dialled traffic not seldom amounts to as much as 75 of the
total incoming traffic.
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Rationalization
at LM Ericsson

of Telephone Operation
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Fig. 1

L M Ericsson’s PABX'S in Stockholm linked
into a group

HC

PABX with transit stage

PABX without transit stage

Public exchange (HC)

Operator’s console

L M Ericsson's head office at
Telefonplan, Stockholm

—B@@
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In April 1972 a new PABX with in-dialling facility was placed in service ai
L M Ericsson's head office ar Telefonplan, Stockholm. In-dialling has resulted
in considerable financial savings for the company, due to a large extent to the
fact that 75—80 )y of incoming telephone calls now go directly 1o extensions.

This article presents an account of the new PABX and of the in-dialling prin-
ciple. In conjuncrion with the installation of the PABX pushbutton dialling and
external abbreviated dialling were introduced, which are also touched upon in

the article.

L M Ericsson’s business is spread over several units within the Stockholm
area, each with is own PABX and operators. Considerable telephone traffic
takes place between these units. It would therefore be a natural development
to link them together into a group (fig. 1), which is successively to be done. The
first unit to be incorporated in the group is the head office (HF) PABX. It was
commissioned in April 1972, It replaces the two earlier PABX's. one for the
head office at Telefonplan and the other for the Tellus building about 500 m
from Telefonplan.

Owing to its situation and size the head office PABX will be the central point
in the group. Through this PABX will pass all traffic from the public exchange
(HC) to the extensions of the group. Traffic between extensions in the various
subexchanges will be transited via the head office PABX. This PABX will also
be the only one which will have operators.

All PABX's in the group are of type AKD 792

Head Office PABX

The head office PABX. type AKD 792, has equipment for

5,400 extensions
270 connecting circuits
130 in-dialling lines
140 outgoing exchange lines
12 operators



Fig. 2

Trunking diagram for AKD 792 with four
selector stages and a transit stage

BLR Record operator’s ling

CLI Incoming line from main exchange
CLu Outgoing line to main exchange
DER Metering equipment

FDR-C Exchange line

FDR-C(T) T it matching to exchange line

FDR-T Tie line. Transit traffic
FIR-C(D) In-dialling exchange line

FL Two-way junction line

FR-C Exchange line avxiliary

FR-T Tie line auxiliary

GDA, B Transit stage

IKY Internal abbreviated dialling

IMP-S Number sender for rotary dial

ITK Trunk discriminator

NG Number group

NS Number sender for pushbutton
dialling

NS-K Number sender for external
abbreviated dialling

OPl Operator’s console

OPR Operator's equipment

OPR-T Transit matching to operator’s
equipment

0oC Quene indicator

REG-D In-dial

REG-DIT) Transi
register

REG-L Extension register

REG-L(T) Transit matching to extension
register

REG-0O Operator’s register

REG-T Fransit register

& register
matching to in-dialling

RR Call-back unit

RRE-T Call-back unit. Transit
RS Register finder

RS-F Exchange line auxiliary selector
RS-0 Operator’s selector

RS-R Register finder. Transit
RS-S Special services selector
SIR Line signalling cquipment
SLA, B

C. D Extension stages

SNR Connecting circuit

SNFR Enquiry connecting circuit

SNFR-T Transit matching to enquiry
connecting circuit

™ Tone receiver

TRR Specch recording eguipment

Fig. 3

Layout for PABX AKD 792 at head office,
Telefonpl The acc dation  permits
expansion of the PABX capacity to 7.200
extensi Equipment expansi capacity

marked by dotted lines.

1. Power equipment and battery room
1. Service observation room

1. Servicing room

4. M. D. F. room

5. Switchroom

Scale 1: 50 _I
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Extension and operator equipment Transit unit |

[ v or
&/iR-C(D,
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AKD 792 is a code switch PABX, its system structure being very similar to
that of AKD 791" (see trunking diagram, fig. 2). Capacities and facilities are the
same in the two systems. The chief new features are matching arrangements for
connection of transit stages. This integration of the transit stages in the basic
PABX allows:

— in-dialling to the entire group via the central PABX

— centralized operator switching of calls from the public network
— linked numbering scheme within the group

— PABX facilities within the group

Mechanics and Racking

Owing to its compact construction AKD 792 takes up extremely little space.
as is evident from the layout (fig. 3). The racks are of standard type, BDH 223
and BDH 233, which have multijack connectors at the top of the racks (fig. 4).
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Plug and Jack Principle

For rationalisation of installation work all cables to and from a rack are
terminated by plug and jack in the mulujack connectors. The method implies
that the cables can be rationally manufactured and tested in advance

I'he plug and jack method makes the PABX casily extendable. New units can
be connected without alteration of the existing rack arrangement. Rewiring can

be etfected by transter of cables from one multjack connector to another.

I'he racks have alternative termination Tacilities tor the cables. Earlier it was

necessary to carry out rewiring on special 1. D Fos

All strapping for a rack is done with special plugs in the multijack connectors

and the strapping can be casily altered in the case of extension of the equipment.

All relay sets are connected by plug and jack.

M.D.F.

The new type of frame BAB 320 has been used for the M. D. F. (fig. 5). This
type is popularly called a mini-M. D. F. owing to its small space requirement
Fig. 4 As regards the head office PABX the older type of M. D. F. would have taken

Cable termination in multijack connector up three times as much floor space.

In-dialling

Incoming calls to the head office PABX come principally from a limited
number of enterprises and administrations, and of course from other LME units.
With this composition of the telephone traffic in-dialling i1s a good solution.

The in-dialling characteristic will be seen from fig. 6. Against all expectations
no build-up time for in-dialling traffic has been noticeable. The number of in-
dialled calls has varied between 75 and 80, from the time when the PABX
was commissioned. This high percentage is presumably due to the effective

information drive prior to its commissioning,
Fig. 5

M. D. F.

In-dialling and Economy

The introduction of in-dialling has brought both economical and practical
advantages. of which only the economical advantages will be considered here.

The need for operators has been greatly reduced since the introduction of in-
dialling. Within the Stockholm area there were in January 1972 altogether 41
operators, of whom 20 serving the head office and Tellus exchanges. Today the
corresponding numbers are 28 and 10. In the meantime a concentration of the
work has taken place to the head office PABX and certain PABXs at local units
have been eliminated. The extensions of these units are now connected to the
head office PABX. A total of 13 operators has been saved. With an annual cost
per operator of 40,000 kronor (incl. social expenses) this represents an annual
saving of 520.000 kronor.

The need for operators” accommodation is. of course. reduced in proportion

to the number of operators. The room shown in fig. 7 has 12 operators™ positions
and serves the entire LME Group.

In-dialling in the head office PABX has also led 10 a saving on equipment and

-

installation corresponding to 2-3 %/, of the initial capital expenditure.

Installation charges payable to the Telecommunications Administration for
the in-dialling number series and for the in-dialling lines have amounted to
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_ [ about 740,000 kronor and the rental for in-dialling is around 150,000 kronor pes
annum. The extra costs for in-dialling are thus written off in less than two years
i | Thereafter there is a saving of nearly 400.000 kronor per annum.

In-dialling Principle

An entire series of 10,000 numbers from the Telecommunications Administra
tion series is used for the LME Group. The in-dialling number of an extension

o Cowomomon B owm o is formed by placing 719 before the four last digits of the extension’s number,
. The head office PABX has five-digit extension numbers, digit 9 being loaned
g, - . . ) .
from 719 xx xx as first digit. In this way it has been possible to use all 10.000
In-dialling characteristic from the date ol

commissioning and ope onth: thereafter numbers in the 719 series. Other extension numbers in the group are four-digit

The main PABX is connected to the 719 outlets at the trunk exchange and
at the Hogalid tandem exchange. Lines to the trunk exchange thus represent
trunk lines. and lines to the Hogalid exchange local lines. This has been used
in the PABX by associating the category of an incoming call with the line in

question.

Both the trunk exchange and the Hogalid tandem exchange are of AGFE type,
Loop signalling is used for setting up. supervision and clearing of the line. Trans-
mission of the last four digits of the in-dialling number is done in 500 selector
code to the in-dialling register of the head office PABX. In this register the
number is translated into decimal form. after which the call 1s set up to an

extension or operator depending on the number dialled.

An operator can be called either on the group nummer 719 00 00 or on an

individual number associated with the respective operator’s position. The latte

Fig. 7 s ) ,
# procedure is used for booking of calls. The operator at the head office PABX

Operators’ room during the busy hour. Note
the small number of operators
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Fig. 8

Telephone set for pushbutton dialling
Digit buttons 0—9

Star button

Square button
Service button
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who books a call with the trunk operator requests the latter to set up the call
to her number (operator’s position).

A call to an extension is diverted to an operator in the following cases:
— the extension is free but does not answer within 30 sec
— the extension is engaged
— the extension has a restricted line
— the extension is vacant.

In the case of a diverted in-dialled call the operator sees the extension number
against a background colour {red) on her number display. She can then answer
the subscriber according to the circumstances,

By strapping in the PABX a tone announcement can be given to the subscriber
instead of the call being diverted to an operator.

Pushbutton Dialling

Several principles for pushbutton dialling have been developed. The so-called
diode earth system has come into wide use. This requires three-wire connection
to every extension.

L M Ericsson started at an carly stage to work with a two-wire system. A
pushbutton dialling system with one frequency per digit (damped oscillation) has
been developed and is also in use.

The successful experience from the use of M. F. C. (Multi Frequency Code)
for register signalling led to a pushbutton dialling system based on eight of the
M. F. C. frequencies. Each digit was represented by two simultancous frequen-
cies selected from two groups of four frequencies each. Frequencies and levels
have since been adapted to CCITT's standard.

In conjunction with pushbutton dialling a new telephone set has also been
introduced (fig. 8). A questionnaire circulated among head office employees
showed that 97 v/ prefer the new telephone to the previous dial telephone.




Advantages of pushbutton dialling:

— quicker connection

— easier to “memorize” numbers — one has them in one’s fingertips
— possibility of “end-to-end™ signalling

— fewer registers in the PABX

External Abbreviated Dialling and Trunk Discrimination

External abbreviated dialling implies that a head office PABX extension can
obtain access 10 a subscriber by dialling a four-digit local number?. This facility
is available to all extensions who are unrestricted in respect of some form of
outgoing external calls.

External abbreviated numbers are allotted to subscribers who are very fre-
quently called from extensions of the head office PABX. Three hundred num-
bers have been reserved for abbreviated dialling. Of this number some one
hundred (01 xx) are used today for subscribers within Sweden. one hundred
(03 xx) for subscribers outside Sweden. The head office PABX has hitherto
been equipped for 150 external abbreviated numbers.

As the PABX is equipped for external abbreviated dialling there is little need
for other unrestricted traffic routes, Most extensions therefore have unrestricted
service solely within the Greater Stockholm area. A few extensions. however,
are entirely unrestricted in respect of outgoing calls.

A restrictive form of trunk discrimination in conjunction with abbreviated
dialling gives the extensions a good telephone service at lower cost.

In other respects the PABX can offer the following services:

— enquiry and transfer

— automatic call-back
speech recording

— call metering

— centralized call transfer
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from All Quarters of the World

More than 290 million telephones

in the world

According ro the larest statistics the rotal number of telephones in the world
is now 291.3 million. This is an increase of nearly 18.6 million (6.8 /) during
1971. Telephone density during the same period increased from 7.4 10 7.8 tele-

phones per 100 inhabitants.

As regards telephone density, in January 1972 the leading position was held
by the USA with 60.1 telephones per 100 inhabitants, followed by Sweden (37.6),
Switzerland (50.9), Canada (47 .4), New Zealand (44.0) and Denmark (35.8).

B The United States (excluding
Hawaii) with 125.142.000 telephones
in service on Jan. 1, 1972, had 43 %/, of
the world total, compared with
120,218,000 and 44.1 %/, for the pre-
vious vear. Sweden had 4.679.691 tele-
phones. i.e. 1.6 9/, of the world total,
on Jan. 1, 1972, Corresponding figures
for Jan. 1, 1971, were 4,505,802 and

1.7 9.

B Tclephone densities (number of
telephones per 100 population) by con-
tinental areas on Jan. 1, 1972 (Jan. 1,
1971 figures within brackets) were as
follows: North America 58.4 (57.1),
Central America 3.1 (3.0). South
America 3.3 (3.2), Europe 14.8 (13.7).
Africa 1.0 (0.9), Asia, incl. Asiatic
parts of Turkey and USSR, 1.8 (1.6)
and Oceania 29.2 (29.0).

B Cities with the highest telephone
density in the United States were
Washington D.C. (123.0), Southfield,
Mich. (118.6). Skokie, 111, (100.0) and
Cambridge, Mass. (99.5). Outside the
United States Stockholm, Sweden was
still in the lead (95.8) followed by
Zurich, Switzerland (84.2), and Solna,
Sweden (76.5).

Large order from Kuwait
The Ministry of Communications of
Kuwait has placed an order worth over
$3.5 m. for telephone switching equip-
ment with L. M Ericssson.
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The order covers equipment intended
for extension of existing exchanges in
the country. Since 1966 Kuwait has
ordered telecommunications equip-
ment for a total of 117,000 subscriber
lines from Ericsson.

Mexico orders elec-
tronically controlled
exchanges

I'he Mexican telecommunications ad-
ministration Teléfonos de Mexico has
placed orders worth about $3 m. for
a new electronically controlled rural
exchange system with L M Ericsson.

On an average one exchange of the
new type will be installed and put into
service every week during 1973 and
1974.

The new automatic exchange has
been specifically developed to meet the
requirements of automatic telephone
service in rural areas in many coun-
tries, especially Latin America. The
basic development of the system took
place in cooperation with A/S Elek-
trisk Bureau of Norway. a member of
the Ericsson Group.

The telephone network of Mexico
is currently expanding very rapidly.
The average annual growth rate, which
has been about 14 per cent during the
past few vears. is one of the highest
in the world and the highest in Latin
America.

New intercom, Ericom,
now in full production

The production of the new intercom
telephone, Ericom. developed by . M
Ericsson Telematerial AB. has now
started in carnest. The factory at Os-
karshamn produces nearly 1,000 in-
struments per week.

Ericom systems are already in-
stalled in many Swedish enterprises.
and foreign sales — particularly in the
USA., Switzerland and Norway — are
in full swing.

Typical of the Ericom is its duplicate
function: loudspeaking when placed
on the desk and non-loudspeaking
when raised.

The Ericom intercom



Order for ~ 17 m.
from Saudi Arabia

Ihe Ministry of Communications in
Saudi Arabia has placed an order
worth over $17 m. with L M Ericsson.
The order covers telephone switching
cquipment. telephone imstruments and
line material.

I'he equipment ordered. which will
be manufactured in Sweden. will be
delivered in the course of the next two
vears and is intended both tor new in-
stallations and for extensions of ex-
isting installations in 12 cities in Saudi

Arabia.

Since 1964 Saudi Arabia has ordered
telecommunications equipment valued
at over $40 m. from Ertcsson.

Computer control of
Copenhagen local trains

l'he first stage in the modernization
and expansion of the signalling plants
on the Copenhagen S Line. which to a
large extent carries local traffic. was
reached at the end of last vear when a
new section. the Kogebugt Line. was
opened. During the summer of 1973
some ten additional stations will be in
service. On attaining its full capacity
the S Line will consist of some 80
remote-controlled stations.

The modernization of the S Line
implies. among other factors. centra-
lized control of the train traffic and
automatization of train despatching.
which will free the staff from all rou-
tine tasks in conjunction with train
movements,

The remote control system consists
of two computers (UACTA05) — one
for the northern and one for the south-
ern part of the line — and transmission
cquipment. The computers can func-
tion as standby for one another in the
event of a fault. A third computer
automatizes the train despatching.

The remote-control  system and
automatic equipment are being sup-
plied by the Signal Department of MI
Division. while Dansk Signalindustri
A/S.a member of the Eriesson Group,
is responsible for the interlocking and
line block systems. The order. amount-
g to about 89 m., has been placed by
the Danish State Railways.
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Sigvard Eklund leaves
Ericsson Review after
30 years’ editorship

After a unique achievement as editor
of Ericsson Review during a period of
30 years Sigvard Eklund has now left
the journal and Telefonaktiebolaget
L. M Ericsson on reaching pensionable
age. Sigvard Eklund became editor of
Ericsson Review as from No. 1. 1943,
and has thus been in charge of its edi-
torial content during exactly three de-
cades.

Ericsson Review wishes to pay tri-
bute to Sigvard Eklund for his long
and faithtul efforts, which have been
an essential factor in creating the re-
spected status which the journal has
acquired as imparter of news and ideas
within telecommunications.

Railway signalling equip-
ment ordered by Egypt
After an invitation for tenders with
severe international competition L M
Ericsson have received an order from
Ecypt ftor railway signalling equip-
ment. The order amounts to around
$7 m. The ordered equipment. which
will be chiefly manufactured in Swe-
den. will he delivered over a period of
about four years. The project is being
financed for the greater part through
loans from the World Bank.

Egypt is an entirely new market for
L. M Ericsson in the field of modern
railway signalling equipment of the
kind covered by the present order.

The order interlocking
plants, electronic remote-control sys-
tems. train describer system and simi-
lar equipment, and will be used for
modernization of two suburban lines
in the Cairo area.

COVETS

Ericofon — one of the best
examples of industrial
design of the century

The Evicofon — the world’s first one-
piece telephone — has been selected
by the Musetm of Modern Art in New
York to be represented in a collection
of some 300 ohjects considered o he
the most interesting examples of in-
dustrial design produced internation-
ally in this century. The exhibition will
first make a tour of Latin America and
finally form part of a collection in 4
new design centre in Buenos Aires,

The Ericofon, which received this
flattering recognition, is an exclusively
Swedish product and was introduced
by L M Ericsson in 1956, Its advanced
design has won it earlier recognition,
but its addition to the Museum of
Modern Art collection is the first ack-
nowledgment of this unique telephone
set as one of the foremost examples of
good industrial design of this century,

Since 1956 over two million Erico-
fons have been manufactured.

The photographs on the next page
show the conception of the Ericofon
in 1941 and its final form.

Advanced entry control
system for Volvo

L M Ericsson Telematericl AB have
delivered to Volvo, Gothenburg. an
entry control system for protection of
the new 2000 million kronor building.
Volvo Technical Center (VTC). and
the entire eastern block. Around this
block there runs a coaxial cable some
kilometres in length, terminating in an
alarm centre. The latter is the heart of
the alarm and entry control system and
consists of a digital check and alarm
system Kknown as Telecontal.

Within the area there are tranducers
which transmit data to some sixty sub-
centres. From the main alarm centre
a continuous “enquiry” is transmitted
through the coaxial cable to the sub-
centres. A printer prints an incoming
alarm in the form of a digital combina-
tion. The digital combination is then
keyed on a keyboard and a sketch of
the area concerned. indicating the
exact siutation and nature of the dis-
turbance, is displayed on a visual dis-
play.
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Clay models of the Ericofon from 1941. Ihe Egyptian Minister of Communications, Dr
Mahmoud Riad (right), meets Mr Bjiorn Lundvall,
president of LME, during an official visit to Stock-
holm.

At the Annual International Cable & Wire
Symposium  held in December in Atlantic
City, USA, Mr Sigurd Nordblad of the LME
Felephone Cables Division (left in the photo-
graph) received an award for “outstanding
oral and visual presentation of an cconamical
and simplified cabling technigue for mini-
mizing capacitance and unbalance in tele-
phone cable™.

The award relates both to the presentation
and to the method of production — cross-
stranding — which under Nordblad’s super-
vision was developed within the Telephone
Cables Division and has been applied in the
new telephone cable factory at Pitea since the
heginning of 1972,

I'he man on the right is Jack Spergel, Chair-
man of the Committee of the Cable & Wire
Symposium, which each yvear gathers 70—
800 participants from cable manufacturers
and  telecommunications  administrations
from all over the world.

The Ericofon as final product in 1956 — now
denominated one of the chief examples of

good industrial design of this century. Mr M. Harva (left centre), chairman and Mr

L. P. Toivonen (right centre), president of
the board of the private telephone admini-
strations, Finland, visited the Ericsson head
factory in Stockholm in February. The head
of Oy LM Ericsson Ab, Finland, Mr Y.

. ¢ Ollus (far right), is demonstrating a vibra-
» H g ¥ . *, . 1 an - 2 = -
In conjunction with the conclusion of ar tion bowl feeder with the assistance of Mr

agreement between the Malaysian Ministry H. Lindstrém. LME.
of Finance and Svenska Handelshanken for
financing of delivery contracts for telecom-
munications equipment from L M Ericsson’s
subsidiary in Malaysia, two representatives
of the Ministry visited L M Ericsson in Stock-
holm. (Centre) Mr Chong Hon Nyan, Secre-
tary General, with (on left) Mr Sven Lonn-

strom and Mr Sven Kappelin, LME, Mr The Australian Ambassador to Sweden, Mr J. B. Pether-
Hans-Dieter Wiese, LME, Mr Hanafiah, bridge, visited L M Ericsson at the end of January. He is
Malaysian Ministry of Finance, and (at far here being welcomed by, from lefi, Mr Karl-Axel Lunell,
righll‘ Mr Leon Odnevall of Svenska Han- Mr Olof Hastheck, Dr Christian Jacobzus and Mr Lars

delsbanken. Edmark, all of LME,




Documen-
tation on
“Human
Factors”

international
Symposium on

1972

A presentation of the 51 papers pre-
sented at the “The Sixth International
Symposium on Human Factors in Te-
lecommunications™, 26—30 June 1972,
Stockholm. is now available and can
be ordered free of charge from the
Secretariat of the Symposium. Tele-
verket. 123 86 Farsta. The documenta-
tion has already been sent to delegates
and telecommunications  administra-
tions. The hosts at this symposium.
which was attended by some 90 dele-
gates. were the Swedish Telecommu-
nications  Administration and LM
Ericsson.

New export packaging
for Ericsson racks

A new type of exporr packaging of
LM and
switeh racks has been developed within
the company. With the new packaging
method, which was preceded by com-
prehensive teiads in the laboratory aid

Ericsson  relay crosshar

under transport conditions, the racks
are effectively protected against rrans-
port damage, damp and corrosion. The
sintaller weiehe and volume of the pack-
aging considerably reduces the costs
hoth of packaging and freight.

Ihe first packing stations for the
export packaging are now in
operation at L M Eriesson’s factories
at Olofstrom and Ronneby. Instead of
the old heavy and cumbersome cases
of solid timber, use is now made of as-
semblable plywood boxes. As the boxes
are delivered in parts to the packing
stations and require little space. the

Nnew

freight and storage costs are low even
for empty boxes.

As a result of the new procedure for
suspension and fixation of the rack in
the bhox. new shock-absorbing mate-
rials. and plastic cover instead of the
carlier cardboard. the new  export
packaging stands up well to the stresses
mvolved in transoceanic transport.

As a rule the racks are packed wa-
tertight. For specially condi-
tons 1N conjunction with export

severe
certamn countries with damp tropical
chimate. steamtight packaging can also

be supplied at an extra cost
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International Teletraffic
Congress in Stockholm

During the period June 13—20, 1973,
an international teletratfic congress is
to be held i Stockholm. It is the
seventh in the series of congresses
which started in 1955 in Copenhagen
and have since been held every third
vear. at the Hague. Paris, London. New
York and Munich. The subject of this
vear’s congress will be “Application of
the theory of probability to telecom-
munication research, engineering and
admimistration™.

The hosts at the Stockholm congress
will be the Swedish Telecommunica-
tions Admimstration and L M Erics-
son. Svenska Philips AB. Svenska Sie-
mens AB and Standard Radio & Tele-
fon AB. The chairman of the organiza-
tional committee is Dr Christian Jaco-
baeus, LME. Itis expected thit the con-
aress will be attended by some 350 per-
sons, among whom representatives of
most European countries and also from
North America. Brazil, Mexico, South
Africa. Indonesia, Israel, Japan, Thai-
land and Auwstralia,

Some 150 papers will be presented
and discussed. The congress will be
held in the new Swedish Parliament
building. The secretariat will be or-
ganized by LM Ericsson and the
Swedish  Telecommunications  Admi-
mstration.

Computer control of
power networks

A/S Elektrisk Bureau. a member of the
Ericsson Group. has received an order
for telecommunication  transmission
equipment for power networks from
the Swedish National Power Admini-
stration amounting to some $1 M. The
order covers carrier equipment  for
power lines and terminal equipment
for radio links. The equipments will
form part of a large computer-based
imformation system for Swedish power
production. to be placed in service by
the Administration in 1975, The Ad-
mimstration has an option of up to
250 mcrease of the order.

The tender concerns L M Ericsson in
several wavs. ASEA LME Automation
AB. in which LME has a 400 % share-
holding., will deliver equipment for
some 54 M. including some 50 mini-
computers. This delivery will be made
through ASEA. the main contractor
for the project.

The computer system will control
and supervise power production in
Sweden, but the other Nordic coun-

tries will also be concerned, since some
pooling of power will take place. The
computers will be located at some
twenty places in Sweden with a central
data processing system in Stockholm.

With this computer system the pre-
sent high reliability of Swedish electric
power supply can be maintained even
atter the introduction of the large nuc-
lear power stations.

Push-button phones in
Holland

A major break-through for push-
button telephone instruments in public
networks has occurred in the Nether-
lands where the Telecommunicatians
Administration has placed orders for
more than 50,000 telephones of this
type with  Eriesson  Telefoonmaat-
schappij. a member of the Ericsson
Group.

The decision to mtroduce push-
button telephones on a large scale in
a European public telephone system
may be denoted a new and important
development.  as  previously  push-
button telephones have been used only
in connection with private auttomatic
cxchanges or for small scale trials in
public  networks. The orders now
placed by the Dutch administration
therefore represent a European break-
through for push-button telephones in
public networks.

The keysets for the telephones or-
dered will be made by L M Ericsson
in Sweden. while the telephones them-
selves will be made in Holland. One
of the main reasons behind the orders
being placed with Ericsson Telefoon-
maatschappij is that the designers ol
this company. in cooperation with
L M Ericsson in Sweden. were success-
ful in replacing the usual dial of the
Duich standard telephone instrument
I'65 by a push-button unit.

For subscribers, push-button tele-
phones mean speedier and more simple
dialling and open up possibilities for
additional services and for the future
use of telephones as data terminals.

(]

Netherlands PTT standard telephone with
LME keyset
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W The Ericsson Group

Subsidiaries, associated companies and technical offices

EUROPE

DENMARK

L M Ericeson AS DK-2600 Glostrup,
Kirkebjerg Allé 86, tel: (01) 96 6133,
tgm: ericsson kobenhavn, telex:
19020 *ERICSSON KH"®

GNT AUTOMATIC A[S DK-2860 Se-
borg, Telefonve] 6, tel: (01) 69 5188,
tgm: nortelmatic, telex: 27064,
“GNT AUTOMATIC KH"

Dansk Signal Industri A|S DK-2650
Hvidovre, Stamholmen 175, Avedere
Holme, tel: (01) 490333, tgm: sig-
naler kebenhavn, telex: 16503,
“16503 DS| DK~

ELMI A/S DK-600 Gentofte, Kirke-
bjerg Allé 90, tel: (01) 4542 11, tgm:
elmiworks, telex: 16600, "'FOTEX
DK att. ELMIWORKS

FINLAND
Oy LM Ericsson Ab SF-02420 Jor-

vas, tel: (90) 2991, tgm: ericssons,
telex: 12546, "LME SF*"
FHANCE

1A8A FI ¢ 1 des Tll‘.' ™
Ericsson

F-92700 Colombes, 36, Boulevard de
la Finlande, tel: Paris (1) 781 3535,
tgzm: ericsson colombes, telex:
62179, "ERICSSON CLOMB"

F-75017 Paris 17e, 147, rue de Cour-

celles, tel: Paris (1) 227 9530, tgm:
eric paris, telex: 29276, 'EHICS-
SON PARIS"

Etablissements Ferrer-Auran S.A. 13
Marseille, (10eme), B8, Avenue de
la Capelette, tel: (91) 47 4851, telex:

42579, "RINGMA 42579 F*'

RIFA S.A.

F-62206 Boulogne sur Mer, B.P
146/3, tel: (21) 31 9206, telex: 11431,

"“BORIFA 11431 F"

F-92 Boulogne sur Seine, 5 Rue
Vauthier, tel: (1) 603 0640, telex:
20781, "FARIFA 20781 F''
Thorsmans S.a.r.l.

F-75018 Paris, 3, Passage
tel: 607 6974

ruelle,

GREAT BRITAIN

Swedish Ericsson Company Ltd.
Horsham Sussex RHI35QF, Viking
House, Foundry Lane, tel: (0403)
641 66, tgm: teleric, telex: 877522,
SWEDERIC HORSHAM"
Swedish Eri Tel

tions Ltd. Horsham,
RHI35QF, Viking House, Foundry
Lane, tel. (0403) 641 66 tam - teleric,
telex: 877522, "SWEDERIC HOR-
SHAM"

Sussex

Production Control (Ericsson) Ltd.
Horsham Sussex RHI35QF, Viking

House, Foundry Lane, tel:. (0403)
641 66, tgm: productrol telev:
877522, “SWEDERIC HORSHAM"

Swadish Esl R | Ltd.

Horsham Sussex RHI35QF, Wiking
House, Foundry Lane, tel: (0403)
641 66, tgm: celefon, telex: 877522,
“SWEDERIC HORSHAM

Thorsman & Co. Lid

Chorley Lancs, PRE OLP. Thor
House, Yarrow Mill, tel: (02572)
4999

E. B. Marine Communications Ltd.
Morden, Surrey RH135QF, Crown
House, London Road, tel: (01)
E4S]N9§95, telex: 935979 “EEMAR

IRELAND

LM Ericsson Ltd. Dublin 2, 32,
Upper Mount Street, tel: (01) 818 31,
tgm: ericsson, telex, 5310, "LMI EI"

ITALY

FATME Soc. per Az. 1-00100 Roma,
C. P. 4025 A. tel: (0B) 4694, tgm,
fatme, telex: 61327, "61327 FATME™
SETEMER Soc. per Az. 1-00198
Roma, Via G. Paisiello 43, tel:
(06) B6 BES4, tgm: setemer

SIELTE Soc. per Az, 1-00100 Roma,
C.P. 5100, tel: (06)577 8041, tgm:
sielte, telex: 61225, “61225 SIELTE"
NETHERLANDS

Ericsson Telefoonmaatschappij B.V.

Rijen (N.Br), P.0O.B. B, tel:
(01612) 3131, tgm: erictel, telex:
54114, “ETM Rl NL"

Voorburg 2110, P.0.B. 60, tel:

(070) 81 4501, tgm: enctel den haag,
telex: 31109 "ETMVE N
NORWAY

A[S Elektrisk Bureau N-1360 Nes-
bru, P.B. 98, tel: (02) 78 BOBOD, tgm:
teleb, telex: 11723, “TELEB N
AlS Industrikontroll Oslo 6, Grense-
vejen 86/88, 3, etg., tel: (02) 67 8394,
tgm: indtroll

AlS MNorsk HKabelfabrik
P.O.B. 369, tel: (D2)83 7650, tgm:
kabel, telex: 18149, "KABEL N'.
A|S Telesystemer Oslo 6. Tueten-
veien 32, Bryn, tel: (02)68 7200,

tgm: telesystemer, telex: 16300,
“ALARM N”

SRA Radio A/S Oslo 6 FRyens-
vingen 11B, tel: (02)67 8580, tgm
SRA, telex: 18617, “18617 SRA N"
POLAND

Telefonaktiebolaget L M Ericsson,

Drammen,

Technical Office Warszawa, Ul
Mowy Swiat 42, tel: 26 4926, tgm:
tellme, telex: 813710, “B13710
TELLME PL"
PORTUGAL

Sociedade Ericsson de Portugal
Lda. Lisboa 1, Rua Filipe Folgue 7,
17, tel: 56 3212, tgm: ericsson

SPAIN

Industrias de Telecomunicacion,
S.A. (Intelsa) Getafe, Paseo Felipe
Calleja 6, tel: 695 7400, tgm: erics-
son, telex: 22666, "ERIGE E"

L M Ericsson, S5.A. Madrid 5 Ber-
nadino Obregén 25, tel: 467 B700,
tgm: ericofon, telex: 23333, 23333

LMESA E"

SWEDEN

Telefonaktiebolaget LM Eri
S-126 25 Stockholm, tel: (08)

719 0000, tgm, telefonbolaget, telex:
17440, "LME 5"

ELLEMTEL Utvecklings Aktiebolag
5-127 25 Skérholmen Box 249, tel:
(08) 97 0220

Bjurhagens Fabrikers AB 5-200 12
Malmé, Fack, tel: (040) 93 4770,
telex: 3123, “BJURHAG 5"

AB Rifa S-161 11 Bromma 11, Fack,
tel: (0B) 26 2600, tgm: elrifa, telex:

10308, “ELRIFA STH"

LM Eri Instruktionsteknik AB
5-117 47 Stockholm 44, tel: (0H)
68 0870, tgm: instruktec

LM Ericsson Telemateriel AB
5-135 01 Stockholm-Tyresé 1, Fack,
tel: (08) 712 0000 tgm: ellem, telex:

10920, “10920 LMSBO/S”

Sieverts Kabelverk AB 5-172 87
Sundbyberg, tel: (08) 28 2720, tgm:
sievertsfabrik, telex: 1676, “SIEV-

Svenska Radio AB S 102 20 Stock-
holm 12, Fack, tel: (08)2231 40,
tsgrn: svenskradio, telex: 10094 "SRA

AB Thorsman & Co. 5-611 01 Nyké-
ping I, Box 149, tel: (0155) 810 00,
tgm: thorsmanco

AB Transvertex 5-14553 Norsborg,
Fittja industriomrade, tel: (0B)
710 0935

SWITZERLAND

Ericsson A.G. 8061 Zurich, Postfach,
tel: (01) 41 6606, tgm: telericsson,
telex: 52669, "ERIC CH"

TURKEY

Ericsson Tiirk Ticaret Ltd. Sirketi
Ankara, Rumell Han, Ziya Gokalp
Cad. tel: 12 3170, tgm: eilem

WEST GERMANY

Ericsson Centrum G.m.b.H. 3 Han-
nover, Dornierstrasse 10, Postfach
1809, tel: (0511) 63 1018, tgm: ericen,
telex: 922913, ''922913 EHICE D"

EB  Marine  Nachrichtentechnik
GmbH, Hamburg 70, Muhlenstieg 5,
tel: (041!)5529831 telex: 212076
Thorsman & Co GmbH, D-4796
Salzkotten, Lange Strasse 4, Post-
fach 96, tel: (05258) 8450

ASIA

INDIA

Ericsson India Limited
Calcutta, P.O.B. 2319, tel:
454494, tgm: inderic, telex:
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Transit Exchange System AKE 132
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L M Eriesson’s first stored-program-controlled AKE svstem ways described in
Ericsson Review No. 3, 19681 2. This system has 1o a large extent been further
developed, resulting in the present transit exchange system AKE 132, Several
changes have heen made in the data processing equipment of the svstem, one
being the introduction of a multiprocessor svstem APZ 130, which has heen

further developed into system APZ 150 presented in this article.

The article describes how AKE 132 fulfils its function as transit exchange in
a complex transit network. On grounds of space the fundamental concepts of
stored-program-control are not dealt with.

Modern Requirements

The requirements placed on automatic telephone exchange systems have
hecome increasingly stringent during the past vears. One of the strictest require-
ments. which is directly connected with the rapid development of telephony, is
that an exchange shall be extendable during its lifetime to many times its initial
size. At the same time it must be capable of incorporating a number of functional
changes in order to be able to offer new services and for its linking into an
increasingly integrated world telephone network. During the automatization
stage of trunk traffic the transit exchanges. with their central positioning in the
networks. have been particularly attected by these flexibility requirements, as
the growth of traffic through them is exceptionally great and they must be able
to link together telephone networks of often varying age and design.

Another requirement 15 that the operational and maintenance methods must
be rationalized and the aids designed in such a way that the increasingly exten-
sive and complex telephone networks can be served with reasonable resourses.

The AKE 13 system was specially developed to meet these requirements when
used as national. international and intercontinental transit exchange. Through
the use of stored program control (SPC) the entire system has acquired the
flexibility required of transit exchanges today and in the future.

Basic Structure of the System

The AKE 13 system uses an electromechanical 4-wire switching network,
employing code switches. The control is achieved through a data processing
system constructed on the modular principle. the capacity of which is dimen-
sioned according to the requirements. High reliability is ensured through syn-
chrenous duplication of the control equipment.

The system. the hardware structure of which is shown schematically in fig. I,
consists of:

The switching equipment APT 131 consisting of switching network with as-
sociated switching devices and including their programs and corresponding datd.
The structure of the switching equipment is described in the following sections
and some examples will be given of standard functions. The examples represent
only a selection of the functions which the system may comprise. Since its intro-
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duction much design work has been done. which has made it possible to use

it in the most varying contexts.

The data processing equipment APZ 150, consisting of the hardware of the
control system, processors, stores, transfer control unit to switching equipment.
and the necessary operating system and maintenance programs. The subsystem
for test and operation. TO. and the input and output subsystems. 1/O, with, for
example, typewriters and tape stations, also form part of the data processing

cquipment.

The extension facilities of the data processing equipment have been achieved
through a multiprocessor arrangement with up to eight synchronously duplicated
processors, cach pair with its internal program store, Via a multiplexor network
the processors interwork with data stores, transfer control units and a common

program store.

The data processing equipment APZ 150 is the result of further development
of earlier control systems made possible. among other things. by the rapid
development of components that has taken place and by the operational ex-
perience collected from a number of stored-program-controlled exchanges in

service.

Switching Equipment APT 131

Hardware
The hardware consists of switching stages, junction circuits, signalling devices

and operating circuits.

FIR FUR

FIR EUR

APT 131 3 s
0ou [iJa]1]
LVMR | [VMR ]
APZ 150

Electric typewriter f/ﬂ i l TO0G | I T0G | TO Tﬂa

Paper tape reader ‘

Paper tape punch = r |

Magnetic lape =550

Modem

: [psc ] |[oss][7c8]| |[os8]][7cs] Ds8 | ECE
Fig. 1
Hardware block schematic i i T i
FIR Incoming junction circuit 7 [ [ i
FUR Outgoing junction circuit 4
KM Code receiver 5 P T
KS Code sender .
({_jl :;u'nming .-.wilcil:ilm stage
Ny utgoing switching stage
oDuU Operation and decoding unit CP CP cp
VMR Switch operating unit
I“() 'lruur and operation
» nput/output m
DPB Data processing block PS! PS!
::{" I('('niral processor
S nternal program store

PSC Common program store DPB 0 DPB ! DPB ]
DSBE Data store block
B Transfer contrel block
T0G Test and operation group . o
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In- A
puts  links  links

Grouping plan, 600-group, 4-wire

Fig. 3
Interconnection of incoming and outgoing
switching stages

36

Switching Stages

The main requirements placed on the switching stages in the transit system
AKE 13 are that they must accommodate large numbers of inputs and outputs
with high input load. This has been achieved by building up two-stage code
switch groups of 600 inlets. 800 A links and 1640 B links. The grouping plan is
shown in fig. 2. There is also an alternative grouping with 800 inlets.

An exchange is made up of a number of incoming and outgoing switching
aroups interconnected via the B links as illustrated in figures 3a and 3b. The
maximum capacity of the grouping arrangement is around 30.000 inlets and
30,000 outlets. The switching stages can also be made two-way.

The requirement of high input load was placed in order to permit free in-
sertion of lines irrespective of the load on individual lines and to allow for heavy
overload and to provide insensivity to unequal traffic loading.

Junction and Signalling Equipment

The junction and signalling devices consist of printed circuit boards for n-
coming, outgoing and two-way junctions, code senders and code receivers for
different rcgister signalling systems. cord circuits, operator position circuits for
different operator functions. and miscellaneous equipments. e.g. tone senders.

Fig. 4 exemplifies the engineering of an AKE exchange. The two-way junc-
tions circuits are connected both the incoming and outgoing stages. As already
mentioned these junction circuits may also be connected to two-way switching
stages. For register signalling of DC type. e.g. decadic pulsing and 500 selector
signalling, the scanning and sending of the signals is done directly in the junction
circuits, and code recetvers and code senders are normally not used.
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Fig. 4

AKE 132 Trunking diagram. Example of
equipment for exchange with national and
international traffic

FDR-T-F
FIR-T-F
FUR-T-F
KM-R2
KS-R2

ES
FIR-TV-Y
FUR-TV-Y
KM-MFP
KS-MFP
FIR-ZL-H1
FUR-L-H1
KM-MFC
KS-MFC
FIR-ZL-H2
FUR-L-H2

SNOR-U

OPR-U
SNOR-C

OPR-C
18

Two-way international junction
circuit, R2

Incoming international junction
circuit. R2

Qutgeing international junction
circuit, R2

Code receiver, international sig-
nalling, R2

Code sender, international sig-
nalling, R2

Echo suppressor

Incoming national junction cir-
cuit

Qutgoing national junction cir-
cuit

Code receiver, pulsed MF code
Code sender, pulsed MF code
Incoming local junction circuit
MFC signalling, metering
Outgoing local junction circuit
MFC signalling

Code receiver, compelled MFC
Code sender, compelled MFC
Incoming local junction circuit
Decadic signalling. Metering
Outgoing local junction circuit
Decadic signalling

Operator’s cord circuit for in-
coming international traffic +
code 12 calls

Operator’s position circuit, in-
ternational positions

TSP cord circuit for outgoing
traffic, mational and interna-
tional

Operator’s position circuit TSP
(Manual assistance)

Tone sender
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In this context certain testing equipment, tone generators and instruments for

transmission measurements ete. should be mentioned.

Operating Circuits

Relays with strict timing requirements are directly controlled from transistor-
driven reed relays. Other relays are controlled via decoding units, ODU, Through
the encoding procedure a large number of relays can be controlled from a small

number of inlets. ODU is chiefly built up of clectronics,

In the same way the switch operation is encoded and the signals are decoded
in the switch operating sets. VMR. The VMR sets consist chiefly of normal
telephone relays.

Traffic Capacity
To illustrate the traffic properiies of the AKE grouping arrangement the
tratfic capacity is defined as the lowest of the following three:

— The traftic per group selector unit which. with uniformly distributed traffic,
gives an internal congestion of 0.5 /.

— The average load per group selector umt obtained when one unit is loaded
with 20 %y more traffic than cach of the others and which. for the overloaded
unit, gives an internal congestion of 2 %/,

— The traffic per group selector unit which. with uniformly distributed traffic
increased by 20 %/, gives an internal congestion of 3 %/yq.

In all cases the internal congestion is calculated towards a route comprising

20 circuits and with route congestion of 19/,
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For most applications the parameters provide adequate margins. which illus-
trates the service quality of the system. A calculation made for four different
sizes of exchange shows the traffic capacity illustrated in fig. 5.

The traffic properties of the grouping are manifestly extremely good. With
the selected parameters the overload requirement is the controlling factor, and
up to about thirty 600-groups the grouping is practically free from internal
congestion. For the largest sizes of exchanges the permissible input load de-
creases slightly.

The ability to stand up to a high input load paired with full availability, ex-
pansion and the reselection function. guarantees a system which is casy to
handle and which with wide tolerance will accept variations in traffic conditions
without need for extensive rejumpering.

The maximum traffic capacity of the switching stages is around 25.000 er-
langs. The number of circuits which can be connected depends, of course. also
on the mean holding time and the complexity level, and in this case the capacity
of the control system is the decisive factor. This capacity is exemplified in fig. 6
which, for two typical exchanges. shows the number of inlets, FIR. per data
processing block, DPB, as function of mean holding time at an input load of
0.75 erlang/FIR.

Curve A in the diagram corresponds to a complex exchange from the data
processing aspect, which is characterized by a large number of signalling sys-
tems, operator functions and complicated traffic cases, Curve B corresponds to
a simpler exchange characterized by a moderate number of signalling systems,
no operator functions and not too complicated types of traffic. Naturally, for
individual exchanges large deviations from these typical cases may occur.

The complex typical exchange (curve A) will, with eight processors. have a
maximum capacity of about 22,000 inlets, FIR, at 180 seconds mean holding
time. At the same mean holding time the typical exchange represented by curve
B will have a maximum capacity of about 30.000 FIR, the capacity being de-
termined in this case by the switching network. In these examples it is understood
that the number of outlets, FUR. is equally large. i.c. in the latter case 30.000
FIR plus 30,000 FUR.

Division into Blocks

The control of the hardware is provided by the switching equipment software
in the form of programs and data stored in the data processing equipment.

The functions in the switching equipment have been divided into a number
of blocks with strictly defined interfaces. Each such block may contain both
hardware and software. The general system specification for a transit exchange
covers all blocks for the basic form of the system and specifies the interworking
between them. The specification may, however, be modified by selecting one of
the available alternatives or by designing entirely new blocks. Fig. 7 shows the
block diagram for traffic handling.

Between the blocks in APT 131 there are the following forms of communica-
tion:

— Interworking via physical wiring.
— Interworking via program. When work has started in a block which requires
action from another block, the work must be transferred to the latter. This

is done by a program in the first block calling, i.e. making a jump to. a pro-
gram in the latter block.
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Fig. 7

Block diagram for traffic handling

SEL Path selection

ORS Operation and release of switches
ORR Operation and release of relays
COR Coordinator

AND Digit analysis

FIR Incoming junction circuit

FUR Outgoing junction circuit

KM Code receiver

s Tone sender

CHA Charging
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— Interworking via data. All writing and reading of data belonging to another
block means interworking via data. This is done. for example, when. in
order to execute a function, it 1s necessary 10 place data in such a way that
further action can be taken by another block at a later time,

In the block diagram (fig. 7) the fully drawn lines mark interworking both via
hardware, i.e. physical wiring, and via program and/or data. The dotted lines
mark interworking solely via program and/or data. By way of example of a
block may be mentioned SEL (Selection), the main functions of which are
device and path selection. On, for example, an outgoing call from the home
exchange SEL selects an outgoing circuit in the relevant route and finds a path
through the switching network. SEL also interconnects physically FIR and FUR.
The SEL block thus contains:

— Programs for selection of device and selection of path through the switching
network

— Hardware of the switching network.

— Data for the switching network in the form both of arrangement and inter-
connection of the switching stages, and ol the momentary states (occupation,
setting and blocking) of the switches.

The block diagram with description provides a clear picture of the APT func-
tions. Apart from the hardware belonging to the blocks the diagram shows the
program and data stored in APZ 150 which are used for control of the switching
cquipment.

Telephony Functions
Switching Functions
The very satisfactory traffic properties of the AKE system have been achieved

through using SPC techniques for the optimum utilization of the switch grouping
arrangements.

The most common type of connection. from FIR to FUR, consists in principle
of three connection phases.

1. On a call on a incoming line, FIR, a code receiver KM is connected to it
through two switching stages.

2. After reception of numerical information a free circuit is selected in the
chosen route. This selection is, however. combined with two conditions,
namely that there is a free path from the incoming to the selected circuit and
that there is a free code sender with a free path from it to the selected out-
going circuit. In this phase the path between FIR and FUR is reserved (in the
data store) and connection takes place only between KS and FUR. KS sends
digits forward.
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Fig. 8
Routing through the switching stages
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.

After transmission of a sufficient number of digits the connection of the
reserved route is set up through four stages from FIR to FUR and at the same
time KM and KS are released.

The procedure is illustrated in fig. 8.

In register signalling systems with end-to-end signalling, such as MFC, the
second condition in phase two is eliminated and through-connection to FUR
takes place as soon as sufficient digital information has been received.

With integrated line and register signalling. for example decadic pulsing, on
the incoming junction circuit, scanning of the digital pulses takes place directly
in FIR and KM is not connected.

The selection of an outgoing circuit takes place in two steps. First a free circuit
is selected and then a check is made that there is a free path from the inlet.
If there is no free path. reselection takes place by choosing a free circuit in
another outgoing group. Through the principle of reselection the very low in-
ternal congestion already referred to has been achieved in an economical manner

The system also offers individual selection, i.e. the connection from an inlet
to a specific outlet. This function is used. among other purposes, for test calls
and for certain operator connections when it is desired to connect 1o a given
operator’s position (“leave word™).

Digit Analysis and Alternative Routing

Strict requirements are placed today on the ability of transit exchanges to
analyse the numerical information received. This 1s well provided for in the
AKE 13 system.

The analysis block AND shown in the block diagram (fig. 7) carries out suc-
cessive analysis of received digits. primarily in order to determine from them
the outgoing route desired. A number of other analyses, however, may be re-
quired, e. g. calculation of tariff class (often a combination analysis which also
uses data concerning the origin of the call), investigation of traffic class, calcula-
tion of number length and other information necessary for the setting up and
supervision of the call. The route analysis also comprises the determination of
one or more alternative routes. and the order in which they are to be used.

Routing through 4 stages

e

-—-

Routing
through
2 stages

Reselection Free
it necessary mark-
ing
) 4
FR —"F—~ s
5o
J Selection
of device
Conditional
J o rc:::.:;ir\gI through
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Fig. 9
Example of circuit diagram, junction circuit
FIR/FUR-T-4

TEU Test unit

ONU Operation unit .
GIA Switching stage, incoming
GUA Switching stage, outgoing
MK IDF

KK MDF

BF term. Carrier terminal
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In some networks in which the signalling system allows, redirection of calls
is required. This implies that a call which encounters congestion further ahead
in the network is cleared and a new attempt is made over another route. This
facility, of course. makes use of additional analysis capacity in the system and
of the ability to store data concerning the selected path.

Analysis data are stored in electrically changeable memories. This is one of
the great advantages of the AKE 13 system. The operational staff can add 10 or
alter the analysis data of the exchange from a typewriter or magnetic tape. Sec
also Operational and Maintenance Functions.

Signalling

In the design of the AKE 13 system attention has been paid to the large
numiber of signalling systems which exist todav and the fact that many may exist
simultaneously in the same exchange. This is especially the case in international
and intercontinental exchanges.

Register signalling of MF type (e.g. MFC. MEP, CCITT No. 5 etc.) is nor-
mally handled through the use of code receivers KM. For link-by-link signalling
and all forms of signal translation, code senders KS are used in addition. The
interworking between KM and KS. i.e. the interchange of digits and code signals,
always takes place on a program basis without any direct physical connection.

For each type of signalling system one group of code receivers and one group
of code senders is required, which are connected as link routes in the B stages.
The signalling devices contain tone circuits and associated connecting circuits.
To a large extent the logical power is provided by the software of the KM and
KS blocks. The dimensioning of the KM and KS groups is done with the aid
of simple graphs.

Decadic signalling. as already mentioned. is handled directly in the junction
circuit. Line signals are also received and transmitted in the junction circuit, but
all transter through the exchange is performed via programs. There is thus no
electrical signalling through the switching network. The adaptation of the ex-
change to different signalling systems and to signalling between them thus takes
place through programs in the corresponding blocks as well as through the
simple hardware of the junction circuits.

The junction circuits contain receiving and sending relays. Signal reception is
done by testing a relay contact and signal sending by operation of a sender relay
in the test and operating equipment TO. Fig. 9 shows an example of a simple
junction circuit.




The 4-wire junction circuit exemplified can be used as an outgoing or an in-
coming junction circuit. Testing of received signals is done in this case directly
in the terminal equipment. The signalling relay F1 is operated directly from an
operating point in TO.

In certain transmission systems. especially PCM. it is possible to locate hoth
test and operating circuits directly in the terminal equipment of the transmission
system, so that no separate junction circuits are required.

The AKE 13 system is also suited for connection of routes with common
channel signalling of type CCITT No. 6. In this case the modems of the sig-
nalling channels are connected directly to equipment in the test and operating
equipment TO (fig. 10).

A detailed account of signalling with CCITT system No. 6 was presented in
Ericsson Review No. 4. 19723, AKE 13 fulfils the requirements of CCITT's
specification for signalling system No. 6.

In an AKE 13 exchange the echo suppressors are connected either on a per-
manent basis in the associated junction circuit or are provided in the form of a
pool from which they are connected as required via the switching stages. An
cexample of the latter procedure is indicated in fig. 4.

Charging

For pulse charging a transit exchange must for certain calls calculate the tarif!
and send the corresponding metering pulses backward from the incoming junc-
tion circuit. This function is carried out by the CHA block. Tariff determination
takes place in the analysis block AND which registers the tariff in the data
record of the FIR block. CHA then interworks with COR and FIR for determina-
tion of the sending frequency for the metering pulses. The transmission function
lies in the FIR block. The function is performed entirely in software and 1s used
both for national and international charging. Automatic switching between day-
time and nighttime rate is provided when necessary.

— FR-TH N—{FORT——
R rua- N—{FIRLH—
— FDR-6
(KM |

[MODEM] [00U, VMR] (00U, VMR]

& 70
L [ [70z] [705]

Fig. 10 > -
AKE 132, Connection of circuits and signal-
ling channel for CCITT signalling system
no. 6
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Toll-ticketing, i.e. automatic printing of call tickets. can be used as an alterna-
tive to pulse charging or in supplementation of the latter procedure. for instance
solely for certain international traffic or for traffic from certain subscribers.

In toll-ticketing the information for every call is stored in a data store as long
as the call lasts. The basic information consists of the calling subscriber’s num-
ber. called number and time of receipt of answering signal. At the end of the
conversation the time is noted and the duration of the call is calculated, These
data are transterred to a magnetic tape recorder. The toll ticketing functions can
also be used for settlement of accounts between administrations. as they provide
very detailed data. Normally, however, separate and simpler programs are used
for settlements both for national and international traffic,

Manual Services

Many different arrangements can be provided for operator-handled calls. This
is done chiefly through software procedures. while the hardware need only be
varied marginally.

The following forms of manual operation are the most usual (see trunking
diagram. fig. 4).

— Non-delay working at cordless positions. The call is connected to a free
SNOR and OPR. The digits keyed by the operator are received in KM and
the call is then completed in the normal way. The complete connection is
thus established through eight stages. If a free SNOR is not encountered. the
FIR call can be placed in a queue. Queuing and selection of calls from the
queue are done entirely in software. The duplicate inlets from SNOR in
GIA marked in the trunking diagram are used for the reestablishment pro-
cedure when the operator is to set up a call both to calling and called parties.

— Manual assistance working at traffic service positions, TSP, implies that the
caller dials the called party’s number in the same way as for fully automatic
calls. The number is, however, preceded by a traffic class digit to indicate
a call requiring assistance, for instance a person-to-person call. The connec-
tion is established via SNOR and eight switching stages. but the operator is
connected to the circuit only for a brief moment after the answer, e.g. to
check start of charging or to enter a credit card number. After the operator’s
work is completed. the switching stages are reset to a prereserved route
through only four stages and SNOR is released. Manual assistance is used
also for calls to be charged to the called party and for credit card calls.
For both forms of manual service the operators’ positions may be equipped
with visual display units.

Outgoing international calls are also handled by means of one of the aforesaid
procedures, the number dialled by the subscriber being used to direct the call
to the correct SNOR group. Certain incoming international calls also require
the assistance of an operator. In this case as well the connection is set up to SNOR
and OPR after reception of an operator signal.
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Data Processing System APZ 150

The data processing system APZ 150 was specially developed for telephony
applications and consists of hardware in the form of synchronously duplicated
data processing units in a multiprocessor arrangement, test and operation sub-
system, input and output subsystem, and software in the form of the operating
system programs and data.

APZ 150 is a further development of the APZ 130 system, resulting in larger
data processing capacity (Fig. 6). This has been achieved through the use of
mtegrated circuits and semiconductor stores and through the addition of an
autonomous scanner which relieves the load on the central processors.

The maximum memory capacity for programs and data has been increased
in order to permit more effective use of the large data processing capacity.
A program store, common to all central processors, has also been introduced
for programs with low usage.

Apart from the synchronous duplication the requirements of high reliability
have been met through the integration of advanced hardware and software
functions in the system. Programs and data can be easily replaced. for example
in conjunction with extension of the plant.

The modular structure of the system permits economic extensions both as
regards functions and size.

Svstem Organization

The data processing equipment (Fig. 11) consists of 1—8 data processing
blocks, DPB, each containing:

— central processors, CP
— internal program store. PSI
— data store block. DSB
— transfer control block. TCB

The functions of the plant can be freely allotted to different DPB. each
handling either certain functions for all types of connection (functional division]
or all functions for the part of the exchange to be served by each DPB (section-
ing). The latter procedure is normally used, as a minimum alteration of already
installed equipment is then required even in the case of major extensions.

The test and operation subsvstem, TO, is divided in the same way as the dat
processing equipment and connects the transfer control block within the re-
spective data processing block to the switching equipment.

Variable and fixed exchange data relating to a part of the system controlled
by a given data processing block are stored in the latter’'s memory. The central
processors work chiefly within their respective data processing blocks. As. in 4
multiprocessor system, a connection may affect several parts of the system. the
various data processing blocks interwork in such a way that all central processors
write and read in one another’s data stores and transfer control blocks. This
interwork takes place via an electronic congestion-free switching network knowt!
as a multiplexor.
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Within each data processing block the internal program store PSI is perma-
nently connected to the central processor. The common program store, PSC, is
accessed via the multiplexor.

To meet the high requirements of reliability placed on a large transit exchange.
all central processors, program stores, data stores and transfer control blocks
consist of two synchronously working units (Fig. 12). This implies that up to
half of the data processing equipment can be taken out of service without affect-
ing the function or traffic capacity of the system. If required, one or more entire
data processing blocks in a multiprocessor system can also be taken out of serv-
ice, in which case, however, the traffic handling capacity of the system is corre-
spondingly reduced.

Central Processor

A central processor consists of two central processing units, CPU, and a
supervisory unit SVU. The latter contains circuits for comparison between
synchronously operating parts of the system and logic for initiation and super-
vision of various measures in conjunction with malfunction signals.

The central processing unit with its machine instruction list is especially de-
signed for telephone exchange applications. This means that fairly simple logic
and arithmetic operations can effectively be carried out on large quantities of
data in real time by a multiprocessor system. The central processing unit consists
of a microprogrammed control unit, an arithmetic unit, a set of process registers
and a preservation store for a number of priority levels,

Fig. 11
Hardware block diagram

cp Central processor (duplicated)

DPR Data processing block

DSB Data store block (duplicated)

MU Multiplexor (duplicated)

PSC Common program store (duplicated)
PSL Internal program store (duplicated)
TCB Transfer control block (duplicated)
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Fig. 12

Duplication in data processing block

cpu

Central processing unit
Data store block

Data store unit

Central processor
Common program store
Internal program store
Commaon program store unit
Internal program store unit
Supervisory unit

Transfer control block
Transfer control unit

With the aid of the interrupt signals and priority level logic described below,
the time of the central processor is so assigned that more urgent tasks are carried
out before less urgent (fig. 13).

— Clock interrupt signals, periodically generated by an independently working
real time clock. These interrupt signals are used by the monitor program of
the operating system for administration of ordinary exchange functions,

— Scanner interrupt signals, are used for initiation of measures when the scan-
ner in the transfer control block detects changes of state.

— External interrupt signals, are used for autonomously operating input and
output devices for ordering of service.

— Malfunction interrupr signals, are generated by SVU on discovery of mal-
function.

— Level lowering signal, initiated by the monitor program of the operating
system when work on a priority level has been completed and interrupted
work at lower levels i1s to be resumed.

One or more priority levels correspond to each of the above interrupt signals.
When an interrupt signal requires working at a higher priority level the informa-
tion in the process registers is preserved in the preservation store. At the next
lowering of level, therfore, an mterrupted program continues where it was
interrupted.

Program and Data Stores

As already mentioned all stores are duplicated on grounds of reliahility. They
are identical and consist of dynamic MOS stores of 20-bit word length. Two
of the bits are check bits. Each type of store can be extended up to 256 K words
(K = 1024). The extension module is 16 K, so that the degree of extension can
be adapted to individual requirements. The store cycle time is 0.8 5.
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PRIORITY
LEVELS

Malfunction level

Transfer Control Block, TCB

The transfer control block contains connection circuits to the bus system be-
tween data processing. test and operation subsystems, and an autonomously
working scanner. The task of the latter is to discover changes of state in the
switching equipment. For this purpose use is made of an image store in the
scanner for test points. The scanning of a series of test points with similar func-
tion is initiated by the central processor in the respective data processing block,
after which the processor can perform other tasks during the scanning. When a
change of state is discovered the scanning is interrupted, alter which action ad-
vice from the central processor is requested by means of an interrupt signal.

Multiplexor

With the aid of the multiplexor each central processor can read and write in
DSB or TCB. For each DSB and TCB there is a duplicated multipexor channel
consisting of an electronic gate network, Each such channel has up to eight
duplicated inlets (one per CP) and a duplicated outlet (to DSB and to TCB re-
spectively).

When the central processor is to access a data store block, it sends corre-
sponding addresses to all multiplexor channels. whereupon the relevant channel
opens the gates to the corresponding DSB. after which the exchange of informa-
tion between CP and DSB can take place. For test or operation in the switching
equipment TCB is called instead.

Test and Operation Subsystem, TO

The circuits in the switching equipment the states of which must be known by
the system programs are interconnected with test point matrices in the test and
operation subsystem. Information concerning relevant changes of state is ob-
tained by scanning of these matrices.

Work is done by CP on a lower level
when the scanner is scanning

:

— e — m—

B

Working level 1 |_! l_l I l
!_I!Lj 111 i |
Working level 2 | L L| | — |
| l | |
Working level 3 I_I Ml L — u
| ¥ K 1" !
Working level 4 | (| {_I L1
Scanner interrupt signal Scanner 1
interrupt
SIgnalMaliuncliDn Clock interrupt signal
Clock interrupt interrupt signal

Fig. 13
Interrupt system
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In the same way the circuits in the switching equipment. the states of which are
controlled by the system programs, are connected to operation point matrices,
These circuits are operated by transmission of control orders by the program
to the relevant operation points.

Test point matrices and operation point matrices are placed in special racks
directly adjoining the switching equipment. A number of such racks form a test
and operation group TOG (fig. 14). which is connected via a bus cable system
to a transter control block TCB. Several test and operation groups can be con-
nected to each transfer control block. The number of test and operation points
is adapted to present requirements.

Through conversion tables in the scanner stores, test and operation point
words of 16 points can be freely allotted to logic addresses. This reduces waste
in the matrices and facilitates rearrangements for extension purposes.

Input and Ourput Subsystemn
For communication with the system the operational staff uses input and out-
put devices in the torm of:
— electric typewriters (TW)
— paper tape readers (TR)
— paper tape punches (TP)
— wvisual displays (VD)
— magnetic tape handlers (MTH)

connected as shown in fig. 15.

The equipment is designed to be placed in the AKE exchange control room
or in different operational centres. Electric typewriters and visual displays can
also be connected via modem.

The requirement of data transfer capacity of the input and output subsystem
is limited even in the case of a large quantity of input and output devices. On the
other hand high requirements are placed on reliability. Alarm and malfunction
printouts to typewriters and visual displays must not be lost. the output of charg-
ing data on paper or magnetic tape equipments must not contain errors, Com-
mands must be checked in respect of authority and plausibility so that serious
errors are not caused by incorrect operations.

Operating System
The following program functions are included in the operative system for
APZ 150:

Job monitor, administers the execution of other programs at correct priority
level and at correct time.

Input and output programs, handle all interworking between the system input
and output devices and other programs.

Maintenance programs, deal with all maintenance functions for the data pro-
cessing equipment. The programs comprise functions for systematic service
supervision, tracing and blocking of a faulty unit on receipt of a malfunction
signal, reorganization of the system in the case of malfunction, diagnosis of
faulty units, and reconnection of a unit after repair.

Loading programs, used for loading of fixed and movable programs and data.
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Fig. 15

Input and output group

Visual display
Control unit for connection to
external memories

Modem

Magnetic tape handler
Magnetic tape interface unit
Terminal adapter unit
Transfer conirol block

‘Test and n{_ﬂ"lﬁnn group

Tape punch (equ nt)
Tape reader (equipment)
Typewriter (equipment)
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Functional change programs, permit change of programs and data without
disturbance of operation in conjunction with change of functions or extension
of an exchange.

Test system programs, used for testing of programs in conjunction with de-
sign, installation or fault tracing.

Installation testing programs, used for installation testing of data processing
hardware.

The program volume of the operating system in a normal AKE 132 ex-
change is altogether about 120 K words, about half of which are stored in an
external memory. Of the total program volume the maintenance programs ac-
count for about 80 K words (K = 1024).

Reliability Aspects

Very high reliability requirements are placed on transit exchanges owing to
their central position in the network, For APZ 150 this implies that, even in the
case of malfunction of hardware or software, it must perform its control of
functions with only negligible or no disturbance of the service.

Thanks to the earlier described synchronous duplication principle and through
systematic supervision with the aid both of hardware and software functions, a
hardware malfunction caused, for example. by a faulty component can be quick-
ly detected and the faulty unit can be isolated. Occasional hardware malfunc-
tions do not affect the ordinary service, Normally, furthermore, several simul-
taneous hardware malfunctions can occur without disturbance of the service.
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Even after careful tests of the exchange programs before they are put into
service. minor design faults may remain. These [aults can be quickly discovered
and remedied through extensive supervision in the form of software and hard-
ware functions. Normally such measures disturb only an occasional call or 4
small group of calls. In some cases, however, more radical action must be taken
and the system must be restarted. This is done by restoring the variable daty
of the data stores to normal, after which the program execution is started again
from a restart point. The latter measures have a negligible effect on the func-
tioning of the exchange. as they take little time and established connections are
not disturhed,

To keep the system in operation even if a complex fault situation should arise,
there 15 an automatic restart function for the whole system. In this case de-
stroved program and data store contents are reloaded with the contents from
other stores or from the external store so that all stores are set to normal state.
I'he service is then resumed from a restart point.

For high reliability it is. of course, also necessary to minimize the duration
of faulty states. When a fault arises, therefore, the operational staff are given
detailed and easily interpreted malfunction printouts to assist in the continued
fault tracing. The system also incorporates advanced aids for diagnosis of faults
in hardware or software.

Program System

Apart from the operating system referred to above, the total program volume
required per data processing block consists also of about 35 K words for traffic-
handling and about 60 K words for telephony operation and maintenance. The
program volume, however. varies according to the required functions in an ex-
change.

The structure of the program system is designed for the minimum possible
processor load and memory requirement and to permit rational management in
planning, design, installation and service.

Program Structure
As already noted, the programs are inserted at different priority levels. Within
each Jevel the following hierachical division of the programs is adopted:

Supervisory programs, with the task of administering the running of the cor-
rect program at the correct time. These programs consist of job monitor pro-
grams in the operating system.

Index programs, are executed periodically with the object of scanning, for
example, groups of devices in the switching equipment in respect of changes of
state which require further action. The earlier described autonomous scanner is
used for discovery of such changes of state. Change of state in data store records
is one of the signalling methods between different programs.

Task programs, carry out tasks ordered by the index programs. Correct task
programs are selected by index programs depending on the state information

stored in the data store record concerned.

Subroutines, consist of common program sequences.
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Data Structure

Both fixed and variable data arc organized in files consisting of a variable
number of similar records. One record, for example. is associated with each of
the devices within a given group of devices. All records for the group of devices
form a file for that group.

The format for different types of records has been extensively standardized.
This permits flexible interworking between different program functions.

Different tree and list structures are used for permanent or temporary linking
together of records within the same or ditferent files. An example of this is the
analysis tree for traffic routing and idle lists for selection of device.

Block Structure

Programs and files are combined mto blocks of functions with well detined
interfaces. Where necessary. hardware units. such as groups of devices. are also
associated with these blocks of functions.

The form of the relations between different blocks has been earlier exem-
plified in the description of the block diagram for traffic handling in APT 131.
The same principles are used in the operating system.

For interworking between programs and/or data records associated with dif-
terent blocks a series of standardized macroinstructions has been produced.
These are of functional type. such as “call signal™. “send next digit”". In this way
a new signalling system, for example. can be easilv incorporated in the svstem
by addition of a new signalling block without affecting the system in other re-
spects. The interworking between incoming and outgoing signalling systems is
then handled in a standard manner by the coordination block COR referred to
under Switching Equipment.

This arrangement provides flexible units with well defined characteristics
which, through their design. are independent of the size and function of the
particular exchange. Another gain is that all AKE 13 exchanges can for the most
part have standardized software and only to a small extent need have programs
adapted to the individual exchange.

Standardized Subroutines

Frequently recurring measures in the programs are given the torm of stand-
ardized subroutines. They consist of sequences of instructions which are placed
in a similar manner in each of the programs in which they are used or in one
position in the program store. In the latter case they are called in by means of
jump instructions. The subroutines have a functional character, e.g. “initiate
printout on typewriter according to specification”, “start time supervision at
specified time™, etc.

The subroutines are defined by means of macroinstructions. Through a choice
of parameters they are given different characteristics in the programs.

Through use of the subroutines the necessary program volume as well as the
design work for new functions can be limited.
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Programming

A large number of aids has been developed for design and planning of the
program system for AKE 13.

Programming Language

An assembler language based on symbolic codes is used for programming.
Programs written in this language are fed into the programming system APS,
which translates them into computer code adapted to APZ 150. The program-
ming language also contains advanced facilities for definition and use of macro-
mmstructions. A few applications of this have been described earlier. A far ad-
vanced use of the standardized macroinstructions has resulted in the gradual
development of a function-oriented program language of higher order.

For testing of programs the program language contains an extensive set of
test directives with which the programming language can simulate the data pro-
cessing equipment in an exchange. In this way new programs are quickly and
effectively tested before being installed in an AKE 132 system-testing or cus-
tomer plant.

The programming system also includes an extensive set of instructions for
planning and assignment of programs and data for AKE 132 exchanges, among
which directives for program and data outputs and for control of library files
in which the standardized software is stored.

Programming System

The programming system APS offers the means of effective handling of the
design, testing and planning of the software. APS is adapted to the 1BM 370
series but is to a large extent computer-independent since the greater part of it s
written in Fortran. The system can therefore be easily converted for use in other
types of computers. In total the system comprises about 150,000 Fortran state-
ments.

The system can be run either in a local computer installation or via a terminal.
The latter procedure is used by some of LM Ericsson’s European subsidiaries
which, via a terminal, use an IBM 370 system at LM Ericsson in Stockholm.

Operation and Maintenance Functions

Functionally it is particularly within the administrative field, 1.e. operation
and maintenance. that the AKE 132 system offers a series of new and important
facilities concerning both the exchanges and the associated networks, These
functions are essentially realized in the software by exploiting fully the flexibility
and considerable logic capacity offered by SPC technique.

Communication berween Operational Staff and Exchange

Most of the communication between operational staff and exchange takes
place via typewriters and paper and magnetic tape equipment. These are placed
in a control room or in different maintenance centres, e.g. international main-
tenance centres, IMC, The form of these equipments has been touched upon
earlier. In addition control panels with controls and indicators are included in
the test desks.
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A special command language comprising several hundred commands has been
developed for commands to be given to the system via typewriters and paper
and magnetic tape equipment. Printouts and output of information to paper and
magnetic tape equipment are made in special language consisting of a large
number of different types of messages.

Alteration of Exchange Data

The daily operation in a transit exchange involves constant alterations of
traffic routing data. transfer of circuits between different routes ete, Special
programs which assign or alter exchange parameters stored in the memory.
therefore, form part of the system. The programs are so designed that desired
alterations are expressed in terms easily understood by the operational staff and
with built-in plausibility checks, so that the permissible range of variation for
the exchange is not exceeded. The programs are naturally designed so that. when
alterations are put into effect, they do not disturb normal service.

Service Supervision

The service supervision has a double task. In the first place one obtains a check
of quality, since indications are presented of when and to what extent disturb-
ances occur, and in the second place data are received for fault tracing by in-
dicating the cause of the disturbance.

Examples of service suprvision functions are:

— Fault ratio counting, which implies that if the number of disturbances for.
for example, a given route or exchange function per period or per number
of calls exceeds a predetermined limit. an alarm is issued and a printout of
the situation is presented.

— Fuse supervision for the entire APT 131. Fuses exist for groups of racks.
individual racks and devices, and the state of the fuses is tested periodically.
The blowing of a fuse is signalled. if required, also by printout.

— Congestion supervision, which is normally arranged per route. The number
of calls to the route and the number of times calls fail owing to congestion are
recorded on counters. If during a given period the number of lost calls ex-
ceeds a predetermined value. a printout is presented.

Among interesting and important properties of the AKE system the traffic
load supervision and control should be noted. These functions provide a guar-
antee that the exchange retains the highest possible traffic handling capacity in
an overload situation, while at the same time preventing the spread of a local
overload to other parts of the network.

The maintenance staff can at any time request typewriter priniout of the state
of a route with data of all engaged devices and the reasons for their occupation.
i.e. traffic, local or remote blocking.

Supplementary Tests

In supplementation of the ordinary tests which are automatically carried out
in the system there are the following test facilities among others:

Traffic route testing, which is important for continuous evaluation of the serv-
ice quality of the exchange. It gives a picture of the situation actually encoun-

n
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tered by traffic in a network. The necessary test program is stored in the control
cquipment.

Circuir and swirch testers are used, when required. for cyelical testing of code
receivers, code senders and switching network.

Traffic observation permits supervision of individual connections, e.g ip
conjunction with setting up of a new traffic route. Apart from printouts of call
data. connection for monitoring of the call may take place via the B links.

Fault Tracing in Switching Equipment

Several means exist for testing of devices and tracing of faults in switching
equipment after a fault indication. The most important is the test desk, on which
the operator can set up test connections or a connection to an optional device
connected to the switching network. Relays and switches are operated on special
commands from the operator. Speaking and listening equipment or measuring
instruments can be connected to the test desk.

In conjunction with the setting up of test connections there is a valuable fault
tracing aid through which a printout of all devices and switches used on a con-
nection is obtained.

For study and checking of the signalling functions, both of junction circuits
and code receivers and code senders. use is made of a signal and state recorder
tunction integrated in the system. When setting up a test connection, the recorder
will, for example. print out the signal sending and signal receiving functions for
the devices used in the connection.

Fault Tracing in the Data Processing Equipment

It is, of course, very important that a state of malfunction in the data process-
ing equipment should be as brief as possible. The operational staff therefore
receives detailed and easily interpreted printouts as basis for fault tracing. The
system also includes advanced means for diagnosis of malfunction in hardware
and software.

Statistics

The data received during service observation of the exchange can be recorded
statistically at the same time as fault prevention measures are immediately taken.
This creates a basis for the long-term planning of maintenance.

These statistics are supplemented by traffic measurements, for which AKE 13
offers very extensive facilities. The complete traffic measurement programs,
which also include measurement of community of interest and of load distribu-
tion. provide the best means for accurate traffic measurement in and super-
vision of a complex network with alternative routing.

Construction Practice and Power Supply

The characteristic components of the system are code switches. electronic
components and miniature relays mounted on printed circuit boards, and
small number of telephone relay sets.

The switch racks are of BDB type. The code switches are made up in sets for
plugging into a rack. The relay sets for switch operation. VMR, are placed on
the same rack. The racks are connected to the exchange cabling through multi-
jack connectors.
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Fig. 16 (left)

International transit exchange AKE 132 for
4800 incoming and 4800 outgoing lines. Con-
trol and processor room

Fig. 17 (right)

International transit exchange AKE 132 for
4808 incoming and 4800 outgoing lines.
Switching eguipment

Most of the switching devices, FIR, FUR. KM and KS, are mounted on print-
ed circuit boards. The boards are placed on shelves which plug into the BDH
rack in the same way as relay sets. In certain cases. on grounds of standardiza-
tion or production technique. the switching devices are given the form of normal
BCH relay sets.

For the test and operation equipment TO a special type of rack has been de-
veloped in view of the large quantity of wiring required. On these racks. denoted
BDE. are inserted units for 1-4 shelves. The exchange cabling is connected di-
rectly to these units. The racks are single-sided.

For the data processing equipment a special BDH type of shelves with double
board depth is used. Part of the wiring in APZ 150 has the form of front cabling,
i.e. connection is effected with plugs directly to the front edges of the printed
circuit boards.

The rack height is 2900 mm.

The central power equipment is of normal type with rectifiers and batteries
for 48 V. The distribution uses a new principle. with individual conductors for
each rack.

The racks contain DC/DC converters for generation of the voltages for the
electronics. In these -48 V DC is chopped and then transformed and rectified.
Pulse width regulation is employed.

In the switching equipment 5 V is used in ODU and 12 V for operation of
relays. In the data processing equipment + 5 V is used. for instance, for the
circuits, while the semiconductor stores use 16 and 19 V.,

An example of a layout for an AKE 132 exchange is shown in figs. 16-17.
The space requirement is considerably less than for a corresponding crossbar
switch exchange of conventional type.
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Fig. 18

Simplified sketch of the process for a func-
tional change

56

Installation, Testing and Functional Changes

The installation of an AKE 13 exchange is simpler than that of a conventional
crossbar switch exchange, since the AKE exchange has fewer racks and the
wiring work is easier. Installation staff with a knowledge of conventional in-
stallation work need not be retrained for installation of AKE 132. Thanks to the
plug and jack principle the exchange cables can be laid, formed and connected
to their plugs before the racks are delivered, with the exception of the racks for
the test and operation equipment.

Installation testing of the hardware is done first. and then of the software.

From the hardware aspect the switching and data processing equipments are
tested separately. This is done in all cases chiefly by means of special installation
testing programs executed by the data processing equipment of the exchange,

The operating system of the data processing equipment is standardized and
the correctness of this software is further verified in conjunction with other tests,
The data processing maintenance system and the switching programs are check-
ed by means of simulation of faults and by test connections. The operational and
maintenance functions of the switching equipment are then checked by testing all
functions.

In order that the exchange may be finally tested under conditions which corre-
spond as closely as possible to actual operation. a peak traffic test, a combined
test of different parts of the system and a simulated operational test are finally
made.

Functional ehanges must be continuously introduced in a telephone exchange,
as noted earlier.

The daily alterations of, for example. traffic routing are carried out by means
of special commands and programs as earlier described. As a result of the syn-
chronous duplication, the system restart function and special programs, the en-
tire exchange program and/or all exchange data can be replaced at one time with-
out disturbance of ordinary operation (fig. 18).

On such an occasion a command separates the system into two mutually in-
dependent sides. One side continues to handle the existing exchange program,

Loading of Loading of
new programs  APT data
and/or data

Change-over
of sides

Delay loop

T T

Up- l Normal
dating [ state

Sepa-
ration

Traffic handling with

Tratfic handling with 1 | |
“new"’ software

“old"" software | ]

System restart

Command for
functional change
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while the other side is loaded with a new program, at the same time as the old
program is held in readiness for return to it if necessary. A command is then
given which results in changeover of the sides, whercupon the necessary ex-
change and temporary data for connections in progress arc transferred to the side
with the new program. In the event of a fault caused by a programming error
the system returns automatically to the old program. When the new exchange
program has been found to function satisfactorily, itis transferred to the side with
the old program, after which both sides are restored to parallel operation. A
similar procedure is used when new hardware units are to be added to the system.

Summary

System AKE 132 is designed for national, international and intercontinental
transit exchanges with complicated signalling systems. complex operator func-
tions and a large final capacity.

The system is insensitive to temporary traffic fluctuations. which m combina-
tion with very advanced operational and maintenance facilities greatly simplifies
and rationalizes operations.

From the network point of view the AKE 132 is an important operational aid
as it can carry out, for example, traffic measurements of community of interest.
supervision of all connected circuits and maintain continuous overload checks
in the central points of the national and international networks.

The data processing system is build up on a modular principle with up to eight
synchronously duplicated processors, which allows flexible adaptation to the
required application and size of exchange.

High reliability is guaranteed by duplication of central processing units in the
data processing equipment combined with effective supervisory, fault tracing
and fault rectifying routines,

Far reaching standardization has been achieved through division of the
programs into functional blocks with strict interfaces. and the individual
programs for a given application are limited to a minimum.

The programming system APS constitutes a rational aid which permits the
design of programs through the use of well established commercial computers.
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On October 29, 1971, a new L M Ericsson AKE 131 transit exchange was
placed in regular raffic in Rotterdam and the exchange was officially opened

on Decenber 22 of the same vear.

The exchange, called Rotterdam DC I, functions as district centre. It is the
tirst stored-program-controlled (SPC) wransit centre in commercial operation

in the world and also the first SPC exchange controlled by several interworking

processors in a so-called mudtiprocessor system.

The operation of this exchange has natuwrally been followed with great interest

in the world of telephony and the results and experience hitherto are presented

in this article.

System Survey

The AKE 131 system delivered to Rotterdam consists of a switching equip-
ment APT 130 and a data processing equipment APZ 130 (fig. 1). A block

schematic of the entire system is shown in fig. 2.

The switching equipment contains

— link-connected selector stages dimensioned for high input load. whereby
the lines can be connected to optional inlets. As the system has very low

internal congestion and offers reselection. it is insensitive for instance 10

temporary traffic fluctuations.

— repeaters and signalling devices such as junction line equipments. code send-

with a small number of signals.

nents.

Fig. 1

The data processing unit of AKE 131, Rot-

The data processing equipment contains

ers and receivers for different register signalling systems. tone senders etc.

— operating circuits, for selector stages and relay racks. which. through a coding
procedure. allow a large number of operational functions to be performed

The switching equipment is made up of code switches, telephone relays assem-
bled into relay sets, printed-board-mounted reed relays and electronic compo-

— processors, the number of which can be varied between one and eight accord-
ing to the load. They work in a multiprocessor arrangement, which implies
that. via a multiplexor. they interwork with one another. with data stores

terdam and with transfer units. The latter control the switching equipment. High

h
o0
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Fig. 2
Block schematic of AKE 131

SE Switching equipment
EE External units

10 Input and output units
TO Test and operating units

TR Transfer unit

PG Processor group

TC Transfer control

Dp Data processing equipment

PRO  Processor

MG Multiplexor group

DS Data store

CPU  Central processing unit
DSB  Data store block

FIR Incoming junction circuit
FUR  Outgoing junction circuit
GI Incoming selector stage
GU Outgoing selector stage
KM Code receiver

KS Code sender

PSU  Programme store unit
RMR Relay operating unit
SVU  Supervisory unit

TCB  Transfer control block
VMR  Switch operating umit
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reliability is ensured through synchronous duplication of control equipment.
Owing to this duplication computer errors can be quickly discovered and
eliminated and program and exchange data can be changed without disturb-
ance of the service.

— input and output devices in the form of typewriters, tape readers, tape pun-
ches. tape recorders with associated operative and maintenance programs,

The hardware of the data processing equipment is made up of semiconductors,
mounted on printed circuit boards, and of ferrite core stores.

The programmes. which by definition belong to the switching and data pro-
cessing equipments, are organized in functional blocks with well organized inter-
working. The blocks are also independent of the particular system configuration,
i. e. the number of processors connected, the size of the switching equipment etc.

Facts about Rotterdam DC 11
As a background to the following account a few data will be presented con-
cerning Rotterdam DC II and the network in which it operates.

The Telephone Network

From the traffic engineering point of view the Netherlands telephone network
is divided into 22 districts (fig, 3). Each district is divided into 10 sectors, each
consisting of at most 10 local exchange areas. All district exchanges are inter-
connected via a mesh-shaped network.

Functions of the Exchange in the Network

The Rotterdam AKE 131 exchange functions together with an existing ARM
exchange as district centre and as a transit point for automatic international
traffic (fig. 4).
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Fig. 3 (left)

Districts of the Netherlands telephone net—

work

Fig. 4 (right)

Principal traffic routes for AKE 131

a

60

District centre

International centre
and district centre

Capacity

At the time of its cut-over Rotterdam DC II was equipped for 2,400 incoming
and 2,400 outgoing lines. The data processing equipment comprises two pro-
cessors and the necessary data stores. The exchange building also houses an
international maintenance centre and a control room with. among other equip-
ment. input and output devices for communication with the data processing
equipment.

Traffic Routing and Signalling
The trunking diagram will be seen from fig. 5. The following types of sig-
nalling occur on the connected lines:

— decadic pulsing
— MEFC signalling

— AGF signalling (a signalling system for interworking with L M Ericsson ex-
changes of type AGF)

— 2VF signalling (CCITT system No. 4)

The selector stages of the speech netwark consist of one-way groups of 600
inlets with expansion facility through two substages to altogether 1640 outlets
which are used for links to other groups and for common signalling devices.

A connection from an incoming to an outgoing line is set up through four
substages. Calls to devices with high call intensity and short occupation time,
such as code senders and receivers, are set up through two substages.

Accommodation

One floor of a new building (fig. 6) is reserved for Rotterdam DC 1. Switching
equipment. data processing equipment and control room equipment are set up in
separate rooms.

Expansion
Rotterdam DC 1T will be successively expanded from 2,400 to 12,000 incoming
and outgoing lines.

The first extension of 1.200 lines was completed at the beginning of 1973
and the next extension of 3.600 lines and an additional processor will follow by
the end of the year.
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Fig. 5
Trunking diagram for AKE 131

FIR-ZL-HE 2-wire MFC lines

FIR-T-YI 4-wire MFC and DP lines
FIR-T-YII  4-wire international MFC and

DP lines

FIR-T2-F 4-wire international 2VF lines
FUR-L-HE 2-wire MFC and DP lines
FUR-L-H 2-wire AGF lines

FUR-T-YI  4-wire MFC and DP lines
FUR-T-YII d4-wire international MFC and

DP lines
FUR-T2-F  4-wire international 2VF lines
FUR-S 2-wire special service lines
FUR-AO Lines for assistance operator
ITR Lines to announcing machine

KS-MFC Code sender for MFC traffic
KM-MFC Code receiver for MFC traffic

T8-Y Tone sender for 2nd ring tone
and busy tone

ATTE Automatic transmission equipment
(Master and Slave)

T Circuit tester

CR Test desk in control room

GTT Equipment for generation of fest
traffic

IMC International maintenance centre

MTE Manual transmission measurement
equipment

IMC, DCI Line to DCI for remote control
of IMC

MTE, DCI  Line to DCI for remote control
of MTE

TDE Traffic observation equipment

Operational Experience

The cut-over of Rotterdam DC 11 was preceded by extensive design work
and laboratory tests. The first year of operation in Rotterdam has yielded much
valuable experience which will benefit the entire AKE family and has confirmed
that the system possesses excellent traffic and maintenance properties.

Service Quality

From the subscribers’ point of view the chief property of a telephone exchange
is its service quality in various respects.

The traffic in the entire Rotterdam district is continuously supervised by a
large number of traffic route testers (TRT), Rotterdam DC 11 being included in
the test program. The tests show that the number of unsuccessful calls during
the whole of 1972 owing to technical faults in DC 11 is around 1 per mille.

The transmission characteristics of the exchange have been measured during
the period and proved to be within the limits recommended by CCITT.

Fig. 6
The exchange building in Rotterdam As the AKE 131 system is very exact as regards signalling time measurement,

it has been possible, by observation of the traffic via DC 11, to discover faults
in interworking exchanges which had earlier been difficult to trace (fig. 7).

The traffic handling capacity has also been measured and the correctness of

earlier traffic calculations and simulations. both for the switching and data
processing equipments, has been verified.

Component Properties

The frequency of component failures for each part of the system is shown
per rack and year in table 1. This is an essential parameter for deciding on the
necessary maintenance effort. It must also be noted that the number of racks
in an AKE 13 exchange is only half of that required in a conventional exchange
of the same size.
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Table 1

Freguency of component failures

Fig. 7
AKE 131 produces exact print-outs of weak-
nesses in its own and in interworking ex-

changes

62

Equipment Number Failures/rack
of racks and year
Central data processing equipment 30 04
Test and operating equipment 17 1.82
10 2 2.0
Code selectors 64 0.047*
Other switching devices 90 0.28

" 0.00027 failures per vertical and annum

The tabulated values confirm the very good component properties of the
AKE system, not least as regards the code switch.

Programs and Change of Programs

In conjunction with the design and testing of programs for AKE 131 in
Rotterdam and subsequent AKE exchanges. the necessary tools and working
routines for all parts of the system have been successively extended. Changes
during the design and nstallation phase could therefore be quickly incorporated
in the programs.

Since the cut-over. certain changes of program have been made. due to
some extent to a change in the original functional requirements. These changes
have mainly related to improvements of function. Owing to the synchronous
duplication of the processors all changes could be easily introduced during
service,

In order to be able to introduce new functions and to prepare for extension
of the exchange, and in conjunction therewith to finally rectify earlier weak
points. a new edition of the exchange program was introduced with excellent
result during January 1973,

Operational and Maintenance Measures

Operational and maintenance measures in AKE 131 with associated network
are initiated from eight typewriter terminals with the aid of some 150 commands
(fig. 8). Examples of some such functions are traffic measurements. transmission
measurements, changes of routing etc.

As more experience has been gained. the exchange has in due course been
further touched up and the manuals for the operational staff have been succes-
sively improved.

Svystem Restart and System Stop

At the cut-over of a new complex system certain disturbances in conjunction
with the introduction of regular traffic and increase of the traffic load are un-
avoidable. The disturbances which have arisen, however, have been quickly eli
minated thanks to effective cooperation between the Netherlands PTT and LM
Ericsson.

During the spring of 1972, for example. certain disturbances started in the
form of increased system restarts and stops. The disturbances were most frequent
in conjunction with alteration work. as is usual after cut-over of a new telephone
system.

The object of system restart is briefly illustrated below. In order 10 avoid

locking of the system the marker in a crossbar system is time-released if fault
occurs in. for example. a special switching operation.
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Fig. 8
Control room showing, among other equip-
ment, typewriter terminal for commands

Fig. 9 (left)

Trafftic growth and number of system restarts
during 1972

The piles indicate the daily (8 a. m.—§ p. m.)
average of automatic system restarts and of sys-
tem restarts commanded by the staff during fault
tracing. (Major alteration work was in progress
during March.)

Fig. 10 (right)
Tratfic growth and number of system stops
during 1972

The piles indicate the number of service stops
per month (8 a. m.—§ p. m.). (Major alterations
were in progress during March.)
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In a SPC system certain types of errors in programs and data might corre-
spondingly cause locking of the system. To prevent this from happening a system
restart occurs automatically, The system is thereby placed in a restart condition
and can thereafter handle traffic again. Connections in progress are not disturbed
thereby. The exchange staff can also set up system restart, e. g. in conjunction
with fault tracing. The restart facility gives the system a satisfactory self-healing
capacity and at the same time the traffic disturbances in this context are reduced
o a minimum.

During the first months the number of system restarts increased on the in-
troduction of new types of traffic and new lines. The causes of restart have been
successively eliminated and their number has continuously diminished to a satis-
factory level (fig. 9).

The system stops that have occurred with manually initiated restart have in
most cases been due to a combination ol several factors, e. g. imperfections in
the maintenance system of the data processing equipment combined with in-
correct manual operation owing to incomplete manuals for the operating staff.
The necessary action was taken at all points so that the cause of the system stops
could be eliminated (fig. 10).

Summary

Rotterdam DC I has extremely advanced functions and in two respects is a
pioneer in the world, namely as SPC transit centre and as multiprocessor-con-
trolled exchange.

The new exchange has a very good service quality and the number of unsuc-
cessful calls due to technical failures during 1972 was around 1 per mille. The
excellent component properties are illustrated particularly by the fact that the
code switch had only 0.00027 failures per vertical and vear. Since the system
works so exactly, furthermore, failures difficult to detect in interworking ex-
changes have been traced.

Since the processors work in parallel it has been easy to introduce changes
of program and an entirely new program was introduced without disturbance in
January 1973.

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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The traffic handling capacity has corresponded to earlier calculations and
simulations and temporary fluctuations of the traffic intensity have been en-
tirelv absorbed by the system.

In intimate cooperation between the Netherlands PTT and LM Ericsson
failures have been analysed and remedied during a run-in period. This. in con-
junction with ather experience from the operation of the Rotterdam exchange
hitherto. will be of benetit to all AKE exchanges.
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LM Ericsson today offers a complete range of fd.m. (frequency division
multiplex) equipments for assembling terminals for carrier svstems providing
120, 300, 960, 2 700 and 10 800 telephone circuits. All equipments have been
engineered in the M4 construction practice. Most of these equipments and the
M4 design principles have been presented in earlier issues of Ericsson Re-
view 7, Several multiplexing equipments have now been modernized and, in
various respects, substantially improved. In the following article the author
gives further details on these modernizations.

The main objective in developing the new equipment has been to take ad-
vantage of the latest achievements in modern electronics with respect to compo-
nents and circuit design techniques while retaining the proven mechanical and
electrical principles of the M4 construction practice. This has resulted in new
equipment which is fully compatible with earlier M4 equipment and which has:

— 1mproved performance
— lower power consumption
— higher reliability

— simpler maintenance

— reduced size and weight.

The redesigned equipment consists primarily of higher-order multiplex sub-
systems, such as a mastergroup translating equipment for assembling basic
supermastergroups, supermastergroup modulating equipment providing a 900-
channel line group, and supermastergroup translating equipment for assembling
line groups of 2 700 and 10 800 channels. A new common frequency supply for
carrier terminals providing up to 2 700 circuits has also been developed. In the

diagram shown in the following section the redesigned equipments are indicated
by non-coloured rectangles.
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Fig. 1

Multiplex subsystems of which medium- and
large-capacity f.d.m. terminals for the for-
mation of 120- to 10 800-channel line groups
are made up

The upper part of the diagram shows multiplex
subsystems including a 300-channel mastergroup
stage, the lower part showing subsystems withouy
mastergroup stage. (Non-coloured blocks denote
redesigned equipment.)

K channel
126G hasic group
ol G hasic supergroup

G basic mastergroup

a00 G hasic supermastergroup
15 %60 G basic 15-8G assembly
LG line group

120 LG 120-channel LG, ete,

GK through-connecting filter
Frequencies in kHz
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Multiplexing Equipments

Fig. I shows the multiplex subsystems of which large-capacity terminals are
made up. The modulation plans, which are shown in figs. 2 and 3, are in ac-
cordance with CCITT recommendations, both Plan 1 and Plan 2 being rep-
resented. This means that multiplex terminals can be made up either with or
without the basic mastergroup occupying the 812-2 044 kHz frequency band
as a basic block for interconnection.

Since the supermastergroup translating equipment for 60 MHz. i.e. for the
formation of 10 800-channel line groups, has been described in detail in a recent
article®, the present article deals with the multiplexing equipments for trans-
lating basic mastergroups into basic supermastergroups. for converting basic
supermastergroups into 900-channel line groups and for translating basic super-
mastergroups and 15-supergroup assemblies into 2 700-channel line groups,
These equipments have certain common characteristics, most of which are new,
such as:

The Modulators

The modulator design uses double-balanced transistor circuits, which provide
good suppression of both direct leak and carrier leak. Thus very low values are
obtained for the levels of these leaks as well as those of other interfering fre-
quencies within the pass band. This is necessary, for example, in wideband data
transmission, as stressed by the recent CCITT revision of its Recommendation
G. 233 § k.

The Combiners and Separators

These units combine the different batches of channels into the desired higher-
order assemblies of channels, and vice versa. They use active circuits. i.e. the
units include amplifiers to reduce transmission losses. The low impedance in
conjunction with series resistors at the input of the combiner amplifier and at the
output of the separator amplifier provide good decoupling between the as-
sociated mastergroup, supermastergroup or 15-supergroup assembly filters,
permitting the multiplex subsystems to be partly equipped as desired. without
the attenuation distortion in the pass bands being appreciably affected.

15%60,/2700 LG

15»60/10800 LG
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The Station Cable Equalizers
These units, too, use active circuits. The equalizers serve to compensate for

slope introduced by the station cabling. Equalization of up to 50 m cable is
provided.

The Amplifiers

The amplifiers have been incorporated in the same apparatus units that con-
tain the combiners or separators and the station cable equalizers. A wideband
design and certain switching facilities permit the same units to be used at
several places in the new equipments. Thus fewer types of apparatus units are
needed to make up a complete terminal, which is an advantage from the point
of view of spares holding.

Noise

The fact that all units have been designed using active circuits prevents trans-
mission levels falling to too low a value; the lowest level is -37 dBr. giving
favourable noise characteristics.

Fig. 2
Frequency arrangements for terminals using
mastergroup allocations

The es on the left symbolize basic super-
groups (G 60 G) ete., those on the right line
frequency bands, e.g. 300-channel line group
(300 LG), etc.

Frequencies in kHz

Fig. 3

Frequency arrangements for terminals using
Supergroup allocations

Frequencies in kHz
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Fig. 4
Phase-locked oscillator 13 200 kHe
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Duplicated Outlets

All units for batches of 300 or more channels have duplicated outlets follow-
ing the cable equalizer. These outlets are mutually decoupled. so that one of
them can be used. for example, as extra outlet for

® cxiension 1o a test point at a central position in the station, e.g. a distriby-
tion frame

® connection of a recorder

® automatic switching to standby routes.

Test Points

Besides the previously mentioned test points there are easily accessible test
points for maintenance and fault location purposes. Short-circuit-proof main-
tenance test points are provided at all outputs, so that a short circuit will not
noticeably affect the transmission level in the system and possible poor matching
at the output will not affect the test level. At all inputs. as well as at certain
other suitable locations. fault location test points facilitate fault tracing. These
points, too, are protected against short circuits.

Phase-locked Oscillators

Up to the present the technique usually employed for the generation of car-
rier frequencies has been based on the use of harmonic generators and fre-
quency multipliers supplied from a centralized master oscillator equipment,
with basic frequencies such as 124 and 440 kHz.

The disadvantage of this technique is that impurities in the basic frequencies,
such as superimposed hum and noise. increase in level in the carrier frequencies
in proportion to the multiplication factor, and are then fed into the transmission
path via the modulators.

By using phase-locked oscillators the effect of such disturbances can he
considerably reduced. In addition, these oscillators are much less sensitive to
level variations, which facilitates the distribution of basic frequencies. Both
from the economic and technical points of view. the use of phase-locked oscil-
lators provides attractive solutions to system problems.

The basic operation of the oscillator involves a simple crystal oscillator which
is tuned to the required carrier frequency and which feeds an appropriate mod-
ulator and demodulator via two mutually decoupled outlets.

To achieve the requisite frequency stability, the oscillator is driven by means
of a basic frequency as follows:

The oscillator frequency is divided in a frequency divider such that it obtains
the nominal value of the basic frequency: the signal thus obtained is then com-
pared with the basic frequency in a phase detector, The detector provides a d.c.
voltage proportional to the phase difference between these two signals. This
d.c. voltage controls the oscillator continuously. thereby maintaining the correct
frequency, and thus providing the required frequency stability. A phase-locked
13 200 kHz oscillator is shown by way of example in fig. 4.

Individual Pilot Receiver

Individual pilot receivers are used for supervision and regulation of the
mastergroup and supermastergroup levels. A more detailed description of them
will be found below.

Multiplexing Equipment Design

The multiplexing equipments for translating three basic mastergroups info
one basic supermastergroup and three supermastergroups or 15-supergroup
assemblies into one 2 700-channel line group each occupy one stack of two
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Fig. §
Mastergroup translating shelf stack for the
formation of a basic supermastergroup

Fig. 6 (left)

Supermastergroup translating shelf stack for
the formation of a 2 700-channel line group

Fig. 7 (right)
Supermastergroup modulating shelf for the
formation of a 900-channel line group

shelves, the supermastergroup modulating equipment for converting one basic
supermastergroup into a 900-channel line group occupying a single shelf. The
various shelf assemblies are shown in figs. 5. 6, 7 and 8.

Since the various multiplexing equipments are similar in design and differ
mainly in those sections which are selective, e.g. filters, only one of them is pre-
sented in some detail. For this purpose the supermastergroup translating shelt
stack has been chosen; the relevant modulation plan and block diagram are
shown in figs. 9 and 10 respectively.

The 2 700-channel line frequency band is normally assembled by translating
three basic supermastergroups 8 516-12 388 kHz in accordance with CCITT
Recommendation G. 332, Plan IA. In certain applications it may be convenient
to replace supermastergroup 1 with the basic 15-supergroup assembly 312-4 028
kHz in accordance with CCITT Recommendation G. 332, Plan 1B. The same
shelf stack can be used for both alternatives after replacement of the apparatus
units concerned.

The generation of the carrier frequencies 12 704 and 16 720 kHz uses phase-
locked oscillators.

In the receive path a pilot receiver for 11 096 kHz 1s provided at the output of
each demodulator. Where supermastergroup 1 has been replaced with a basic
15-supergroup assembly, which includes the 1 552 kHz pilot. this frequency is
converted nto 11 096 kHz by means of a carrier of 12 648 kHz, which is ob-
tained from a separate phase-locked oscillator shown at the bottom of the block
diagram, fig. 10,

ERICSSON REVIEW No. 2, 1973
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Fig. 8

Shelf stack for translating three basic 15-
supergroup assemblies into a 2 700-channel
line group

Fig. 9
Modulation plan for assembling three basic
supermastergroups into a 2 700-channel line
group

Alternatively, a basic 15-supergroup assemhly

can be substituted for supermastergroup No. 1
(in accordance with CCITT Plan 1B)
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Level Supervision and Regulation

To compensate for the level variations which will inevitably occur in carrier
systems and to simplify maintenance and fault location. equipment for automat-
ic level regulation with alarm facilities is provided in the receive paths of a]|
basic groups. supergroups. etc.

In the multiplexing equipments yielding basic groups and supergroups, use is
made of centralized pilot receivers providing level regulation in steps, This
cquipment has been described in detail in an earlier 1ssue.®

In the redesigned equipments for the higher modulation stages, however, an
individual pilot receiver is provided for each basic mastergroup and super-
mastergroup or 15-supergroup assembly. which permits the levels of the re-
ceived pilots to be supervised continuously and individually. The need for such
tacilities has arisen since recent discussions have shown that the introduction of
supermastergroup switching equipment into the network is to be expected in the
near future. Automatic supermastergroup switching here implies switching to a
standby route in the event of a fault occurring in the transmission path. In addi-
tion. the continuous supervision equipment provides for direct connection of
recorders for level recording.

The pilot receiver for a supermastergroup is designed for operation from the
11 096 kHz pilot frequency (fig. 11). With the aid of a built-in modulator the
same receiver can be used for basic mastergroups using the 1 552 kHz pilot fre-
quency. The modulator is supplied with the 12 648 kHz carrier frequency. The
equipment for the generation of this frequency is included in the mastergroup
translating shelf concerned.

After filtering, amplification and rectification, a d.c. voltage proportional to
the pilot level is produced in the pilot receiver. This voltage then serves to con-
trol a number of logic circuits which provide the desired output functions, Be-
sides outlets for a signal to control supermastergroup switching and a d.c. signal
for level recording. there is a d.c. voltage outlet controlling a thermistor-type
a.g.c. network included in the transmussion path. In addition, there are outlets
providing various types of level information serving to inttiate alarms.

The signal which controls supermastergroup switching is initiated by a sudden
fall in fevel of more than 9 dB. and can be sent out either immediately following
a pilot failure or after the pilot signal has been absent for more than 300 milli-
seconds, Tt is also initiated by a level error of more than 4 dB which cannot be
corrected by regulation.

Separate alarm circuits indicate when output level errors exceed 4 and 1.5 dB
respectively. However. in order that sudden variations within the regulation
range shall not give an alarm. this is delayed for 40 seconds to allow the regula-
tor time to act. Hence only excessive level errors remaining after regulation
are indicated.
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Fig. 10

Block diagram for supermastergroup trans-
lating equipment providing 2 700-channel
line groups in accordance with CCITT Plan
1(A and B)

Top: send path; centre: receive path: bottom:
carrier generating equipment. Frequencies in
kHz. Units marked with *) can be exchanged for
alternative units handling 15-supergroup assem-
blies (in accordance with CCITT Plan 1B)

¥ Fault location test points

M Maintenance test points

[E] Amplifier

[[] Cable equalizing network
Band-pass filter

Low-pass filter

[E] Modulator or demodulator
[3] Rectifier

Phase discriminator
Frequency converter
Oscillator

Fig. 11

Individual pilot receiver for 1 552 and 11 096
kHz

AM Manual switching between automatic
level regulation and fixed gain

REC To recorder

REG Regulating current for level regulation

SW Control signal for supermastergroup
switching '

Al, A?  Alarms for level deviations of more
than 4 dB and 1.5 dB respectively

Frequencies in kHz

Fixed d.c. generator

Control corrent g

Level discriminator (level deviation
from nominal value > 4 dB)

Delay circuit (40 seconds)
AND gate

SOOEEN0

OR gate

braeis
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Through Connection Filter

To prevent crosstalk between adjacent batches of channels in through connec-
tion, use must be made of through-connection filters providing well-defined
limits for the batches of channels concerned.

Filters are available for the through connection at basic frequencies of all
four different batches of channels, i.e. basic groups. supergroups. mastergroups
and supermastergroups. Fig. | illustrates these filters at the interconnection
points between the different modulation stages of the multiplex. Two of these
filters have been redesigned, viz. those for the basic supergroup and super-
mastergroup. The filter sets have been designed as three mutually well-screened
assemblies, the two filter sections being separated by an amplifier.

A standard shelf for through supergroup or supermastergroup connection
can accommodate four such filter sets. corresponding to two through connec-
tions in both directions of transmission (fig. 12). The attenuation/frequency
distortion in the pass band of the through supermastergroup filter is shown by
the characteristic curve in fig. 13.

Through Supergroup Filter

The filter has attenuation peaks for 308 kHz and 556 kHz as standard. though
no crystals are employed. In addition. the same filter can be used with either
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Fig. 12 (left)

Shelt for through supermastergroup filters
Fig. 13 (right)

Attenuation/frequency  distortion  in pass

band for through supermastergroup filter,
the curve representing an average

Table 1
Common frequency supply

The table shows the relationship between multi-

plex system capacity and maintenance intervals
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of the supergroup pilots 411.92 kHz or 547.92 kHz as reference frequency, with
unchanged performance regarding attenuation/frequency distortion in the pass
band.

Through Supermastergroup Filter

The requirements for a through supermastergroup filter proposed so far by
the CCITT, i.e. with complete protection for all the supermastergroup positions
in 12 MHz systems, cause the filter to be too large and expensive. The problem
has been noticed by the CCITT and is being studied.

In order to provide an economically justified through-connection filter alter-
native even today, L. M Ericsson has developed a filter which utilizes the stop
attenuation already present in the filters of the supermastergroup translating
equipment, In this manner a filter is obtained having a performance. dimen-
sions and a price which remain at a level both realistic and optimal in respect
of 12 MHz systems. In addition. it meets fully the requirements for through
supermastergroup connection in 60 MHz systems, Plan 1.

Through connection in 60 MHz systems in accordance with Plan 2 can be

effected in two frequency bands, viz. 312-4 028 kHz and 8 620-12 336 kHz,
The multiplexing equipment has been designed in such a way that external
through-connection filters can be dispensed with in either case.

Common Frequency Supply

The frequency generating equipment for carrier terminals consists basically
of a centralized master oscillator with basic frequency generating equipment
and decentralized carrier generating equipments incorporated in the various
multiplexing equipments, where the basic frequencies are used for generating
the carrier frequencies required for the modulators. The pilot frequencies, how-
ever, are generated in the centralized frequency supply for simplicity of main-
tenance,

A choice can be made from three different common frequency supplies ac-
cording to the capacity of the carrier terminal concerned, viz.:

— ZAF 04 for large-capacity stations with multiplex systems up to 60 MHz

— ZAF 05 for medium-capacity stations with 4 MHz and 12 MHz multiplex
systems

— ZAF 03 for smaller-capacity stations with multiplex systems up to 1.3 MHz.

Table 1 shows the master oscillator frequencies with data on stability for the
respective common frequency supplies.

Comr-'non Master Maintenance intervals
frequency | oscillator 1 TieHER 3 months
supply frequency —
| (kHz) Frequency | Multiplex | Frequency | Multiplex
stability system stability system
capacity capacity
| (ccts) (ccts)
| ZAF 04 2500 +10® < 10800 +10* < 10800
ZAF 05 4 960 +5+101 = 2700 =107 § ?g
. -7 ~&
:ﬂ 03_ i) 12 =510 = 300 +10 | = R
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Fig. 14

Common frequency supplies for large- and
medium-capacity f.d.m. carrier terminals

Both systems can bhe suppl d to g t
the following pilot frequencies: additional group
reference pilot 84.14 kHz and supergroup rel-
erence pilot 411.86 kHz, and alternative fre-
quency comparison pilot 308 kHz, The blocks on
the right indicate equipments for frequency
checking in the respective common frequency
supplies. Frequencies in kHz

Crystal oscillator with temperature
regulation

m Instrument for visual frequency comparison

Fig. 15

Generation of carrier basic frequencies 12,
124 and 440 kHz in the ZAF 05 system

Outlets with +29 dBm level are used for distri-
bution to local carrier generating equipments.
Other outlets feed other frequency generating
equipment, etc.

Frequencies in kHz

| _sco1

1 29@m

§ _cuon

I 1241
g -

124
| +29dbm

g 12LI
—)

o -
+29dbm
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Fig. 14 shows the basic configuration of the two common frequency supplies
for large- and medium-capacity stations, systems ZAF 04 and ZAF 05. The
diagram shows the carrier basic [requencies and pilot frequencies that can be
obtained from these systems. All frequency supplies are duplicated and provided
with automatic changeover facilities. except those for the frequency comparison
pilots, where changeover is effected manually.

A detailed description of the centralized frequency generating equipment
has been given in an earlier issue 1%, so that this article is confined to novel fea-
tures that have been introduced. such as a new equipment for the generation of
carrier basic frequencies, the generation of some new pilot frequencies as well as
two new frequency checking equipments.

Basic Frequency Generation

The new equipment for generation of carrier basic frequencies 12, 124 and
440 kHz employs a master oscillator generating a frequency as high as 4 960
kHz from which the necessary basic frequencies are obtained by means of fre-
quency dividers. As a result, superimposed hum and noise are correspondingly
reduced and this. together with the use of phase-locked oscillators in the as-
sociated carrier generating equipments. makes it easier to meet the more strin-
gent requirements for low hum and noise levels in multiplex systems recently
proposed by the CCITT,

The master oscillator has a frequency stability of % 5. 10°* per month and,
as may be seen from table 1, can be used in carrier systems providing up to 2 700
circuits,

All the duplicated equipment for generating the carrier basic frequencies 12,
124 and 440 kHz, including changeover units, is accommodated on a single
shelf. The electrical design is illustrated in fig. 15, the mechanical design being
shown in fig. 16. The master oscillator contains a quartz crystal unit enclosed in
a temperature-controlled oven to ensure the necessary frequency stability. The
frequency conversion from 4 960 kHz to the required carrier basic frequencies
is achieved by means of a single unit per frequency.

Each chain of generating equipment is completed with a changeover unit:
if the level of the regular equipment falls by more than 2-3 dB. this unit will
automatically switch the load to the standby equipment. The unit includes alarm
facilities.

Pilot Generation

In addition to the common group and supergroup pilots 84.08 and 411.92 kHz
(as well as 84.14 and 411.86 kHz), the edge pilots 104.08 and 547.92 kHz can
now be provided. These pilots permit gmup‘s and supergroups to be used for the
transmission of wideband signals. e.g. data, and have so far been systematically
used mainly in satellite systems.

As an alternative to the frequency comparison pilots 60 and 300 kHz the
308 kHz pilot frequency can now be generated by means of a separate equip-
ment.
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Frequency Checking

To enable the two master oscillators to be synchronized with each other or with
an external reference frequency. all pilot generating shelf stacks that generate
a frequency comparison pilot are provided with frequency checking equipment,
The beat method is used for frequency comparison, i.e. the equipment combines
two input frequencies to produce a difference frequency. The difference fre-
quency is indicated on an indicating instrument and can also be applied to 4
recorder. Synchronism of the frequencies is obtained by adjusting the master
Fig. 16 oscillator so as to produce zero beat on the instrument. A beat duration con-
Basic frequency generating shelf yielding 12, yepjent for instrument reading is obtained by multiplication of the input fre-
124 and 440 KHz used in the ZAF 05 system . : :

quencies to a higher frequency before frequency comparison,

Frequency Checking Equipment for 60 and 300 kHz
as well as for 300 and 4 200 kHz

In a transmission network it is common practice to appoint the master oscil-
fator in a certain station to act as a national frequency standard.

The frequency comparison pilot sent out by this station must therefore he
distributed to all other stations in the network where synchronization is to bhe
carried out. For this purpose, intermediate stations must be provided with equip-
ment for through connection of this pilot.

The frequency of the frequency comparison pilot depends on the size of the
system. Since several systems may occur in a network, facilities should also be
provided to permit one pilot frequency to be converted into another in through
connection.

Two equipments are now available, one for through connection of 60 or 300
kHz in combination with pilot conversion from 60 to 300 kHz or vice versa,
and a corresponding equipment for 300 and 4 200 kHz. The former is de-
signed for networks with 4 MHz and 12 MHz systems, the latter for 12 MHz and
60 MHz systems.

The two equipments. shown in fig. 14 (far right), are similar in design and
contain facilities for frequency checking as well as for through connection

B0 stand

———re e

0 dém

300 stand
0 dBm

Fig. 17
Frequency checking shelf for frequency com-
parison pilots 60 and 300 kHz

The upper half of the figure shows equipment
for through connection of 60 or 300 kKHz as well
as distribution and conversion of these frequen-
cies. The lower half shows equipment for manual
frequency checking and  automatic frequency

supervision | ,.EE'Qi“ﬂ.-
60l I, 60 11, 300 T and 300 11 Locally generated DdBm
pilots

60 stand. and 300 stand.: National standard fre-

quencies

# Along with the line frequency bands 60—4 028
kHz and 312—12 388 kHz (316—12 336 kHz)
respectively

Frequencies in kHz
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and frequency conversion. One of them, the frequency checking shell for 60 and
300 kHz, is shown in more detail in fig. 17. The upper halt of the figure shows
the through-connection and frequency conversion equipment. the lower half
showing the frequency checking equipment. A frequency comparison pilot, 60
or 300 kHz, veceived from a line system is applied to the through-connection
equipment together with the line frequency band concerned. This equipment
selects and amplifies the pilot for distribution to outgoing line systems. The
purity of the pilotis then so high that no crosstalk between different line sys-
tems will occur,

After filtering, the pilot frequencies can be converted by multiplication or

division 1o produce the alternative frequency, which is then further disiributed

To make routine frequency checking unnecessary, both frequency checking
equipments can be supplemented with facilities for automatic frequency super-
vision which send out an alarm when a frequency deviation exceeds a certain

limit. This limit can be preset to different values by strapping.

I'he frequency checking shelf contams two identical sets of equipment for
automatic frequency supervision. Each set can be fed with the frequency com-
parison pilot from one of the two local master oscillators (regular or standby)
and the pilot derived from the national frequency standard. Thus hoth master
oscillators can be continuously supervised, if desired in conjunction with a level

recorder.

Bay Arrangements

The various shelves and shelf stacks can be combined into a range of systems
and subsystems.

They can be mounted in bays to suit the requirements of virtually any in-
dividual application. A few examples of bays housing the redesigned equip-
ments are given in fig. 18. The first bay shown contains only one type of trans-

FD 12-11096
300/900 900/2700
300/900 900/2700
300/900 900/2700
300/900 300/300
e q PG 60-41.92
= 400,308 alt PG 60-54792
300/900 300/900 PG1552,11096
Fcheck 60, 300
S00/300 200800 BFG 12 124, 440
Fig. 18 300/900 300/900
Examples of bay layouts
1 Bay frame containing only one type of 300/900 300/900
translation equipment (300900 =
mastergroup translating equip
" ﬂi.elldirn:g basic :.lfqegnm:;tergrlo‘np.ﬁ‘ s
E hl::;es l')ll?l-‘..’. T = .‘sl-lPl‘:"mﬂthl’l_:To“l’ 300/900
ul-Ian.-']:l:ill'lign ccqu:]igm_fnl yielding 2 700- 4’ @'
3 Eia:;'"?rzme c < |‘p_.-. ZAF 05 ¢
requency supply
) equency distributing shelf
L L % z zd
F check Frequency checking shelf ) 1 2
BFG Basic frequency generating shelf 3
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lation equipment. whereas the second bay combines equipment representing
two modulation stages and contains duplicated power packs. The third example
shows a common frequency supply for multiplex systems providing up to 2 700
circuits. The unused space can be utilized to accommodate translation equip-
ment.

Summary

This article has described certain modernized and redesigned multiplexing
equipments engineered in the M4 construction practice: together with other
equipment they now constitute a complete and modern range of multiplex sub-
systems for assembling f.d.m. carrier terminals providing up to 10 800 circuits.

The modular design principles provide a high degree of flexibility in station
planning. Transmission performance has been made to conform (o the more
stringent requirements applving today. With the facilities otfered by the M4 de-
sign, equipments are obtained which require minimum maintenance.
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from All Quarters of the World

Highlights from Ericsson Group
1972 Annual Report

The 1972 Annual Report of the Ericsson Group, the distribution of which started
during May, contains among other matter an account of the technical develop-
ment during the year. The main points in the development and the chief figures
from the financial statement are presented below.

B Within ELLEMTEL, owned on
a 50/50 0/, basis by the Swedish Tele-
communications Administration and
L M Ericsson, development is contin-
uing on a computer-controlled local

exchange system.

B Work is proceeding on the in-
troduction of computer control in
crossbar switching systems. and field
tests have started.

B Field tests which are in progress
on a new international signalling sys-
tem in a computer-controlled transit
exchange in Australia have shown
satisfactory results.

B The first computer-controlled
PABX developed by the French sub-
sidiary Société Francaise des Tele-
phones Ericsson has been installed.
The PABX has a very large capacity.

W At A/S Elektrisk Bureau in Nor-
way a combined PABX and transit
exchange has been developed for com-
munication networks in conjunction
with power distribution.

B Development of a new PMBX
based on electronic components has
been completed at the parent com-
pany,

B The work on the picture tele-
phone has now advanced so far that
an introduction on a limited scale is
possible.
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B Developments within the pulse
modulation (PCM) field have
been intensified at the parent company.

code

B Work on an all-electronic con-
troller for street traffic signalling has
been completed at the parent com-
pany.

B At AB Rifa a new technique has
been developed for the production of
monolithic microcircuits which can
work with the battery voltages used in
telephone systems.

B The Goup invested in 1972 about
$75 million on technical development.

From the Financial Summary

B Group order bookings increased
during 1972 by 18.1 9/y to $1054 mil-
lion.

B Sales increased by 14.29/ to
$892.8 million.

B Income befor special adjustments
and taxes was $112.4 million. The
chief markets were Sweden (19 9/y),
Europe excluding Sweden (49 °/y), Lat-
in America (19 9/;).

B The number of employees within
the Group was 70,650, of whom 27.400
in Sweden.

% 89m order to Ericsson
do Brasil

Ericsson do Brasil, a subsidiary of the
Ericsson Group. has received an order
worth about $89m for equipment and
installation of new telephone exchang-
es in the city of Sdo Paulo. This is the
last order under the general agreement
signed a year ago between the tele-
phone operating company in Sao Paulo
and Ericsson do Brasil for delivery of
equipment for 500,000 subscriber lines
over a five-year period.

Deliveries and installation of most
of the equipment ordered will be con-
cluded by the middle of 1976 and the
final delivery will be made towards
the end of 1977.

The major part of the contracted
equipment will be manufactured at
Ericsson do Brasil's plant in Sao Jose
dos Campos near Sao Paulo. This
company. which holds a leading posi-
tion on the market for equipment of
the Brazilian public telephone net-
work, is quickly expanding.

Public and
private
telephone
exchanges,
telephone
sets

63 %y

Military 3,
electronics
equipment
9%
Other

9%y
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Transmission

Cable, wire,
radio etc

line equipment

Breakdown of Group sales by different

product groups
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New computer system for
telephone exchangesdevel-
oped by Ericsson

L. M Ericsson Telephone Company has
developed a new computer system for
telephone exchanges. The new system.
which has been developed primarily
for crossbar exchanges. will make it
possible to introduce a number of new
facilities aimed at improving the ser-
tele-

vice for subscribers as well as

phone administrations.

The system can either be used as an
integrated part of a new crosshar ex-
change or for modernization of exist-
ing exchanges of this type. This mod-
ernization means that old exchanges
level

can be up-dated to a technical

closely corresponding to that of to-
day’s computer-controlled exchanges.
As. since 1950, L. M Ericsson has deli-
vered crosshar exchange equipment to
serve more than 10 million subscriber
lines throughout the world. the market
poteniial for the new system is con-

siderable.

The computer system offers partic-
ular advantages 1o telephone adminis-
trations for new as well as existing ex-
changes. In the case ol old installa-
tions, these can be up-dated to the
technical level that corresponds to the
demands for facilities and performance
which are expected to arise during the
foresceable  future,  Operation  and
maintenance can be further rationaliz-
ed and centralized. partly due to the
electrically variable memories that are
incorporated in the system. This means
that telephone exchanges can be casily
adapted to serve new traftic demands
by feeding them with new instructions
from an electric typewriter. Adapta-
tions of this kind in old exchanges pre-
viously called for extensive and costly

manual operations.

For telephone subscribers the new
system offers considerable advantages
by enabling new service facilities to be
programmed into the system and of-

fered to the individual subscriber.

Substantial orders for the new sys-
tem have already been received from
telephone administrations in the Scan-

dinavian countries.

18

LM Ericsson’s first auto-
matic telephone exchange
compleies 50 years of
service

On May 10, 1973, 1t
S0 years since the first automatic tele-

was  exactly

phone exchange for local service was
put into operation i Rotterdam. The
exchange. which is still giving faultless
service to its subscribers, was the first
of the Ericsson S00-line selector type

to be installed anywhere in the world.

I'he SO-year jubilee was celibrated
by the Dutch Telephone Administra-
tion at a ceremony at which particular
emphasis was placed on the reliability
ol the 500-line selector.

1923 have dehver-

Since Ericsson

ed 3S00-line selector equipment to
serve more than 5 million subscribers

The Swedish

telephone network was to a large ex-

throughout the world.

tent automatized with this type of ex-
change. Today Ericsson’s 30()-line se-
lector stll serves subscribers i the
Stockholm 08 area.

T'he remains  in

series production despite the arrival of

S00-line  selector
more modern equipment such as Erics-
son crosshar and computer-controlled
exchanges — a good proof of the reli-
ability and technical viability of the

S00-line selector,

Premiére in Norway for elec-
tronically controlled exchanges
The first exchanges of the Ericsson
semi-electronic rural system, hased on
code switches, type AKK 50, were con-
nected to the public telephone network
in Aremark., Norway, at the end of
February 1973, The system contains
the most modern electronic compo-
nents, including integrated circuits,
and was developed by L M Eriesson
i Stockholm and its subsidiary A/§
Elektrisk Bureau in Oslo. The present
network comprises a group centre and
four terminal exchanges for altogether
seme 400 subscribers,

AKK 50 s specially adapted for
rural areas with a relatively sparse
population and many small commu-
nities. The exchanges are therefore de-
signed for unattended operation, which
implies that great emphasis has been
placed on reliability and the possibility
ol effective supervision from a central
point.

I'he code switch is used also in the
AKE ex-

changes. The control system s elec-

stored-program-controlled

tronic with permanently programmed
control fogic.

The cut-over went off smoothly and
the period of operation hitherto has
shown satisfactory results.

[he AKK 50 system is at present
being installed in Mexico, which has

ordered some one hundred exchanges

At the ceremony in Rotterdam Fred Sundkvist. 1. M Ericsson. delivers a memorial Hi." o
the form of a bronze sculpture to H. van Willigenburg, Director of Telecommunicallon®
Rotterdam District (right)
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Talk-back and acknowledgement system for
Ericall and Diricall radio paging units

receivers in the Ericall

The pocket

(radio) and Diricall (inductive loop
paging) systems manufactured by

Svenska Radio AB (SRA) can now bhe
supplemented by a mini-transmitter
which permits the paged person to
confirm to the operator that the paging
signal has been noticed. The answer is
transmitted as an acknowledgement
signal in the form of a tone or voice
announcement. With the Diricall in-
ductive paging system — which from
the start was designed for reception of
voice announcements from an opera-
tor — two-way communication
thereby be established.

can

Large private network

A private telephone network of un-
usual extent has been taken into ser-
vice in England by the large textile
manufacturers, Courtaulds Ltd. The
network system is based on L M Erics-
son AKM 303 code switch equipment
and, according to Courtaulds, is ex-
pected to reduce telephone charges for
all of its various units by altogether
£250,000 per annum.

At present about 200 PABX through-
out the whole of England are connect-
ed to the system, which however is
dimensioned for up to 500 PABX. At
the Courtaulds works at Coventry
a new PABX of L M Ericsson type
AKD 791 has been installed. Other-
wise the connected PABX's represent
a cross-section of the systems used in
the United Kingdom today.

The new telephone network, pre-
sumably the first private network with

4-wire connection, is intended for
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The talk-back

ment systems were developed by SRA

and acknowledge-
and consist essentially of the following
elements:
Mini-transmitter in the form of a
clip for attachment to the pocket re-
cever and with an output of about
15—20 mW. The
very slightly smaller than the ordinary

mini-transmitter is

clip. The range is about 300—1000)
30—100

system

metres outdoors and about

metres indoors. The works
within the 160 MHz band and is fre-
quency-modulated. The transmitter is
also available in the form of talk-back
with tone signal equipment for selec-
tive switch-on of the stationary re-
celvers.

Stationary receiver with high sensi-
tivity and automatic squelch circuit
against background noise. To cover
a larger area several receivers can be
connected in parallel. Any receiver
with sufficient signal strength is auto-
matically connected to the central
equipment and operator. For tone-
switch-on of the

they are equipped with plug-in tone

selective receivers
receivers.

The new system is marketed outside
Sweden by Svenska Radio AB.

in operation in England

transmission both of telephone calls.
telex, data and facsimile. It comprises
five fully automatic zone centres: Lon-
don, Coventry, Spondon. Manchester
and Aintree. Each zone centre has a
three-digit zone number. PABX's con-
nected to the zone centres have indi-
vidual numbers.  Usually
cach zone centre is connected to its
respective PABX on at two
routes, so that incoming and outgoing
calls can take place simultaneously.

two-digit

least

The project leader in England has
been Frank Hutton, responsible for
Courtaulds The
BPO representative for this project
was W. Perttit. Arthur Parr, head of
Swedish Ericsson PABX Division, has
in the past two years been in contin-
uous contact with Per Grangvist, co-
ordinator of the project in Sweden at
LME’s Subscriber Equipments Divi-
sion.

telecommunications.

Data communication
system for 400 Swedish
bank offices

Enskilda Banken, the
largest commercial bank in Scandi-

Skandinaviska

navia, had in April 295 cash terminals
at 85 offices connected on-line to a
central computer plant via a data com-
munication system delivered by L M

Ericsson.

The communication system, which
was delivered at the end of 1970, was
commissioned in the summer of 1971
on trial and, in February 1972, opera-
tion of the on-line system started. At
present it is planned that 25 new of-
fices with some 70 terminals shall be
put into service per month.

When installed to full capacity L M
Ericsson’s system will comprise 14 re-
gional line concentrators (RLC) from
Malmo in the south to Sundsvall in the
north, to which altogether some 800
cash terminals and 300 other terminals
at some 400 offices will be connected,
These RLC are connected via central
line concentrators (CLC) to a com-
munication system consisting of two
computers UAC 1610, one of which
will normally be active and the other
standby. The communication comput-
ers are connected to the central com-
puter plant via a channel-to-channel
adapter. Both communication comput-
ers and line concentrators are of L M
Ericsson make.

Office

RLC
CLC

UAC

| Central
| Computer

New President of Ericsson
Colombia

Mr Daniel Carlsson has succeeded Mr
Fredrik Croneborg as President of the
Ericsson Group cable factory in Col-
ombia, Fabricas Colombianas de Ma-
teriales Eléctricos Facomec S.A.
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New chairman of the boards of
Italian subsidiaries of the
Eriesson Group

At the annual general meeting of FAT-
ME. SIELTE and SETEMER,
sidiaries of L M Eriesson, Dott, Carle

suh-

Bombieri, until recently President ol
SpA.

Milan, was elected chairman of the

Banca Commerciale [taliana.
boards and management committees
of these companies. He succeeds in
these posts Dott. ing. Luigi Baggiani,
who remains a member of their boards
and management committees,

At the same time Mr Arvid Westling
retired from the post of vice chairman
of the board and management com-
mittee of SETEMER. He 1s succeeded
in these posts by Mr Ivar Hilfing, who
continues to be a member of the boards
and management committees of FAT-
ME and SIELTE.

Professorship for member
of LM staff

D.Eng.. of
Ericsson’s Long Distance Division in
Stockholm. has been appointed Pro-

Thomas Ericson, LM

fessor of Data Transmission at the
Linkoping Institute of Technology.

1942

and since 1970 has been employed at

I'homas Ericson was born in

L M Ericsson. where he is in charge
of theoretical investigations within dig-
ital transmission via the telephone net-
wark.

80

at the

number of
Ericsson Review and Ericsson Tech-

dio  amateurs

He took a M.Sc. degree in 1966,

D.Sc. in 1969 and D.Eng. in 1972

Royal Institute of Techno-

logy in Stockholm. During the period

1966—69 he was employed at the Re-

search Institute of National Detence

{FOA).

IThomas Ericson has contributed a

and papers to

articles

nics.

Amateur radio club
formed at LM Ericsson,

Stockholm

I'he Ericsson Group Radio Amateurs.
formed at the parent
Stockholm in April this vear., wishes
through Ericsson Review to invite ra-
within  the Ericsson
Group throughout the world to notity

company in

their station signal. name and address

and L M Ericsson Company — among

other purposes for transmission of
messages from visiting radio amateurs
at the main offices in Stockholm.
Address:

L. M Ericssons Amatorradioklubb,
126 25 Stockholm, Sweden.

Ihe Ericsson Group Radio Ama-
teurs have. with the cooperation of the
company established a
club station with call signal SKOFI
17th floor of the well-known
LM tower at Telefonplan, from which

management,
on the

a fantastic 360-degree Stockholm pan-

arama 1s visible,

Technical Week in
Sao Paulo

Dr Christian Jacobeus

A Brazil-Sweden week for technical
development was held in Sao Paulo
25. Some 25 Swedish
exporting enterprises. among which
L. M Ercsson. participated in demon-

from May 21

stration of know-how. technique and

systems within different fields. The
main sponsor was the Swedish Export
Council.

L M Ericsson contributed four Jee-
turers:

Dr Christian Jacobaus, Technical
Director of the Group, spoke on
“Trends in Telecommunication Tech-
nique”, John Hammargren, Signalling
Department of MI Division. on *Auto-
matic Dispatching. a Step Towards
Tomorrow's Railway Transport Sys-
tem” and “Road Traffic Signalling,
Specially Concerning Public Trans-
P-B. L. M Ericsson

Telemateriel AB, on “Modern Loud-

ports™. Janson,
speaking  Communication  Systems”
and Claes Hagland, T. M Ericsson Tel-
emateriel AB. on “Security Transmis-
sion Systems’™.

Dr Jacobieus concluded his address
with the following words: “To sum up,
it may be said that telecommunications
technique will become a more elec-
trome technigue, but sull with very
essential elements of mechanics. One
must reject the possibility of the use
of new nonelectrical techniques such
as fluidistors and chemical relays. The
advantages and the lead of electron-
ies and electromechanies are so great
that they cannot be superseded within
the foresecable future. Likewise the
fundamental sciences of physics and
chemistry show no new discoveries
which appear to lead to new principles
of design.

It is therefore a very well founded
that

technique will continue to develop on

judgement telecommunications
its previous lines, still carrying, ol
course. the stamp of the often inge-
nious and devoted technicians in in-
dustry and administrations.”

New Textbook of
Telecommunications
A new textbook of telecommunica-
tions now exists, TELECOMMUNI-
CATION SYSTEMS, by Arne Cavalli
Bjorkman. of the Teaching Section of
the Telephone Exchange Division.
The textbook forms part of a coUrse
package within the subject of tele-
communications at technical colleges.
but will also be used at LME’s 1-
troductory courses in telephony. Eng-
lish and Spanish editions are under
preparation.

13
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THE ERICSSON GROUP

Associated companies and representatives

EUROPE

SWEDEN

Stockholm

Telefonaktiebolaget L M Ericsson
2. LM Ericsson Telemateriel AB
2. L M Ericsson instruktionsteknik

AB

1. AB Rifa

1. Sieverts Kabelverk AB

1. Svenska Radioaktiebolaget

7. ELLEMTEL Utvecklings AB

1. AB Transvertex

4. Svenska Elgrossist AB SELGA

Alingsas

4. Kabeldon AB
Kungsbacka

3. P. Boréns Fabriks AB
Malmd

3. Bjurhagens Fabrikers AB
Norrképing

3. AB Norrkopings Kabelfabrik
Nykdping

1. AB Thorsman & Co
Visteras

3. ASEA LME Automation AB

EUROPE (Excluding
Sweden)

DENMARK

Copenhagen

2. L M Ericsson A/S

1. Dansk Signal Industri A/S
3. GNT AUTOMATIC A/S

3. ELMI A/S

FINLAND

Jorvas

1. Oy L M Ericsson Ab
FRANCE

Paris

1. Sociaté Frangaise des
Téléphones Ericsson

2. Thorsmans S.AR.L.
Boulogne sur Mer

1. RIFA S5 A.

Marseille

2. Etablissements Ferrer-Auran
SA

IRELAND
Dublin
2. LM Ericsson Ltd.

ITALY

Rome

8. SETEMER Soc. per Az.
2. SIELTE Soc. per Az.

1. FATME Soc. per Az

NETHERLANDS
Rijen
IB.\:Ericsson Telefoonmaatschappij

NORWAY

Oslo

1. A/S Elekirisk Bureau
2, SRA Radio A/S

2. A/S Telesystemer

2. A/S Industrikontroll
Drammen

1. A/S Norsk Kabelfabrik

POLAND

Warszaw

5. Telefonaktiebolaget L M Ericsson
PORTUGAL

Lisbon

2, Sociedade Ericsson de Portugal
Lda

SPAIN

Madrid

1. Industrias de Telecomunicacion
S.A. {intelsa)

2. L M Ericsson S A

SWITZERLAND

Zurich
2. Ericsson AG

UNITED KINGDOM

Horsham

2, Swedish Ericsson Telecommu-
nications Ltd

2. Production Control (Ericsson)
Ltd

2. Swedish Ericsson Company Ltd
2. Swedish Ericsson Rentals Ltd.
London

2. EB Marine Communications Ltd

WEST GERMANY

Hamburg

2. EB Marine Nachrichtentechnik
GmbH

Hannover

2. Ericsson Centrum GmbH
Salzkotten

2. Thorsman & Co GmbH

Representalives in:

Austria, Belgium, Greece, lceland,
Luxembourg, Yugoslavia

LATIN AMERICA

ARGENTINA

Buenos Aires

1. Cia Ericsson S.AC.

1. Industrias Eléctricas de Quil-
mes S A

6. Cia Argentina de Teléfonos S A
6. Cia Entrerriana de Telefonos
Ltda. S.A,

BRAZIL

Sao Paulo )

1. Ericsson do Brasil Comércio e
Indastria S.A.

Rio de Janeiro

3. Fios e Cabos Plasticos do
Brasil S.A.

CHILE

Santiago
2. Cia Ericsson de Chile S.A.

COLOMBIA

Bogota

1. Ericsson de Colombia S.A.
Cali

1. Fabricas Colombianas de Mate-
riales Eléctricos Facomec S.A.

COSTA RICA

San José

5. Telefonaktiebolaget L M Erics-
son

ECUADOR

Quito
2. Teléfonos Ericsson CA

MEXICO

Mexico D.F.

1. Teleindustria Ericsson, S.A.
1. Latinoamericana de Cables
S.A. de C.V.

2. Teléfonos Ericsson S.A.

2. Telemontaje, S.A. de C.V.

PANAMA

Colon
2. Teleric Sales Corporation

PERU

Lima

2. Cia Ericsson S A,

Arequipa

6. Soc. Telefénica del Peru, S A,

EL SALVADOR

San Salvador

5. Telefonaktiebolaget L M Erics-
S0n

URUGUAY

Montevideo
2. Cia Ericsson S.A

VENEZUELA

Caracas

1. Cia Anonima Ericsson

3. Alambres y Cables Venezolanos
C A (ALCAVE)

Representatives in:

Bahama Islands, Bolivia, Costa Ri-
ca, Dominican Republic, Guade-
loupe, Guatemala, Guyana, Hon-
duras, Netherlands Antilles, Nica-
ragua, Panama, Paraguay, El Sal-
vador, Surinam, Trinidad

AFRICA

EGYPT

Cairo
5. Teletonaktiebolaget L M Erics-
son

ETHIOPIA

Addis Ababa

5. Telefonaktiebolaget L M Erics-
son

MOROCCO

Casablanca
2. Société Marocaine des Téle-
phones Ericsson

TUNISIA

Tunis
5. Telefonaktiebolaget L M Erics-
son

ZAMBIA

Lusaka
2. Ericsson Telephone Sales
Corporation AB

Representatives in:

Cameroon, Central African Repub-
lic, Chad, Congo (Brazzaville), Da-
homey, Ethiopia, French Territory
of the Afar and lssa, Gabon, Gui-
nea, Ivory Coast, Kenya, Liberia,
Libya, Malagasy, Malawi, Mali,
Mauretania, Mozambigue, Namibia,
Niger, Nigeria, Republic of South
Africa, Reéunion, Senegal, Sudan,
Tanzania, Uganda, Upper Volta,
Zaire

ASIA

INDIA

Calculta

2. Ericsson India Limited
INDONESIA

Jakarta
2. Ericsson Telephone Sales
Corporation AB

Gue

{RAQ

Baghdad
5. Telefonaktiebolaget L M Erics-
s0n

KUWAIT

Kuwait
5. Teletonaktiebalaget L M Erics-
son

LEBANON

Beyrouth
2. Societé Libanaise des Télé-
phones Ericsson

MALAYSIA

Kuala Lumpur

2. Ericsson Talipon SDN BHD

1. Telecommunication Manufactur-
ers (Malaysia) SDN BHD

THAILAND

Bangkok
2. Ericsson Telephone Corporation
Far East AB

TURKEY

Ankara
2. Ericsson Turk Ticaret Ltd
Sirketi

Representatives in:

Bahrein, Bangladesh, Burma, Cam-
bodia, Cyprus, Hong Kong, Iran,
Irag, Jordan, Kuwait, Lebanon,
Macao, Nepal, Oman, Pakistan,
Philippines, Saudi Arabia, Sri Lan-
ka, Syria, Taiwan, Republic of
Vietnam.

UNITED STATES and
CANADA

UNITED STATES

New York, N.Y.
S. The Ericsson Corporation
2. Ericsson Centrum, Inc

CANADA

Montreal
2. L M Ericgson Lid.

AUSTRALIA and
OCEANIA

Melbourne

1. L M Ericsson Pty. Lid.

1. A.E.E. Capacitors Pty Ltd
8. Teleric Pty. Ltd

Sydney
3. Congueror Cables Pty Lid

Representalives in:

New Caledonia, Nya Zeeland,
Tahiti

. Subsidiary with manufacturing

. Subsidiary with sales and in-
stallation only

. Associated company with manu-
facturing

. Associated company with sales
anly

. Technical office

. Telephone operating company

. Development company

. Holding company

. Holding and service company
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ERICOM 30001 — a New Philosophy within
Intercommunication

ANDERS JORGENSEN & HORST ZIEGLER. LM ERICSSON TELEMATERIEL ABSTOCKHOLM

— e = e gy

UDC 621.395.24
LME 8§22
8371

The article describes a newly developed one-piece intercom instrument both
for loudspeaking and non-loudspeaking conversation and considerably simpler
to use than earlier types. The authors describe its mechanical design and also

touch upon the intercom systen in which it is used.

The rapid advance of intercom systems has come about primarily for the
following reasons:
a) simple, quick push-button dialling

b) direct connection to the called party. normally without any manual operation
on his part

¢) privacy button to prevent direct access
d) simple paging
¢) low operating cost and high reliability
ERICOM 30001 (fig. 1) is a new and important member of the intercom

system AVF 4047, If offers the following advantages over and above those
mentioned under a

=

— loudspeaking and non-loudspeaking facilities in a single station (one-piece
station)

— only 13 buttons
— easy o use

— automatic switching between microphone and loudspeaker on change-over
between loudspeaking and non-loudspeaking conversation

— clear call indication
— usable both as desk and wall set

— instructions for use and list of numbers for 15 extensions attached to the
bhottom of the instrument

— small dimensions and low weight

* AVF 404 — a four-wire duplex system — includes a series of exchanges for systems
from 10 to 5400 extensions and of intercom stations for varying purposes.

-
2
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Fig. 1
ERICOM 30001
(Design: Carl-Arne Breger)
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Design Philosophy

The instruments used in intercom systems are generally of loudspeaking type.
There is always, however, a need for non-loudspeaking mtercoms on account
of privacy requirements or ambient noise. In such case the intercom can be
furnished either with a receiver. to which the incoming speech signal is connected
by means of a hook switch. or with a handset to which the incoming and out-
coing speech paths are switched. In order to be able to provide combined loud-
speaking and non-loudspeaking function these intercoms require three or four

acoustic converters and a cord for the receiver or handset.

Fhere are also intercoms on the market with combined function and with
only two acoustic converters JThe switching from loudspeaking to non-loud-
speaking state s effected by connection of pads i series with the microphone
and receiver. These intercoms have certain limitations, however, when used as
loudspeaking instruments. The loudspeaker aperture must be so small as to be
cffectively covered by the ear during non-loudspeaking conversation. The device
used as loudspeaker or receiver must be of light weight for the intercom to rest
stably in the hand when used as handset. This means that the frequency range
of the loudspeaker is limited downwards by the size of the loudspeaker aperture
and that the loudspeaker has a low power owing to the small magnet. Another
disadvantage is that. when the intercom is used as handset. there is access to the
non-loudspeaking — loudspeaking position switch so that. during normal con-
versation. ear injury may occur owing to the powerful sound to which it is sub-
jected. Such intercoms. therefore. should have a low radiated power also in loud-
speaking position and should be furnished with a secondary loudspeaker when

a greater volume 1s required.

A goal of the ERICOM project was to eliminate these disadvantages.

Design of ERICOM 30001

Before the design work on the intercom telephone was started several different
solutions were studied, one of which was based on a handset placed on a stand
containing an acoustic component, e.g. a loudspeaker. The intention was to use

the handset microphone also during loudspeaking conversation in the following

manner.
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Fig. 2

The ERICOM is loudspeaking when it rests
on the desk and non-loudspeaking when
raised. Switching is effected automatically by
means of switch K. Microphone and loud-
speaker change functions, and attenuation
and freguency correction circuits T1 and T2
are connected to the microphone and loud-
speaker circuit

Fig. 3

The illustration shows how easy it is to make
an internal enquiry on the intercom while a
customer is waiting.

It also shows how well the ERICOM lies in
the hand when wvsed as non-londspeaking
instrument

On raising of the handset the loudspeaker in the base would be disconnected
(via the hook switch) and the receiver in the handset connected into circuit. A pad
would also be connected to the microphone circuit to adjust the sensitivity to the
sound level for non-loudspeaking conversation. This solution would require at
least three acoustic components,

With a loudspeaking and non-loudspeaking instrument contained in a common
casing it was also thought to be necessary to have three acoustic components,
which, apart from the cost of the components. would require also a larger
volume.

The idea of using only rwe acoustic components and switching their functions
when transferring from loudspeaking to non-loudspeaking conversation, how-
ever, provided a practical solution to the problem. The development work there-
after proceeded on the basis of this solution (fig. 2).

The ERICOM is so shaped that it can be held in a natural grip when used as
non-loudspeaking instrument (fig. 3). The angle between keyset and the horizon-
tal plane. however, is not greater than that the instrument remains in position
even if digits are dialled with greater than normal force.

When the ERICOM is used as non-loudspeaking instrument. the risk of an
unpleasantly high receiving level if the hook switch is unintentionally touched is
entirely eliminated.

The microphone aperture is small, so that satisfactory screening is attained
when the microphone is used as receiver for non-loudspeaking conversation.

Since the loudspeaker is placed at the bottom, the instrument has good stability
when used both as handset and for loudspeaking conversation.

The instrument is in its normal position when it stands on the desk. The hook
switch is depressed, which means that the incoming line pair (Lal, Lbl, fig. 2) is
connected to the loudspeaker H and the outgoing line pair (La2, Lb2) to the
microphone M. In this position the instrument functions as an ordinary four-
wire loudspeaking instrument

When the instrument is raised. the line pair for incoming speech is switched
over to the microphone via the frequency-dependent pad T1. The microphone
now functions as receiver. At the same time the pair of wires for outgoing speech
is switched to the loudspeaker via the frequency-dependent pad T2. The loud-
speaker now functions as microphone and the instrument is non-loudspeaking.

In the pads the necessary level and frequency corrections are made. which are
necessitated by the fact that the same acoustic component in one case functions

as receiver, in the other as microphone.
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Fig. 4 (right)

ERICOM casing

M Microphone with holder
Fig. 5 (left)

Keyset unit

R Potentiometer

Y Component unit

L] Privacy switch

1 heyset

A Privacy override and talk button
H Loudspexzker with gasket

L Call lamp

B Clearing button

Fig. 6

Component unit

R Potentiometer

S Privacy switch

v Preamplifier in cermet technigue
K

Hook switch for transfer from loudspeak-

ing to non-loudspeaking

ERICSSON REVIEW No. 3, 1973

Mechanical Design
Ihe ERICOM is made up of four units, viz

— casing (fig. 4) containing microphone and microphone holder

— keyset unit (fig. 5) carrving the keyset (1), loudspeaker with gasket (H).
privacy switch (S) and component unit (Y)

— base carrying the hook switch lever and. on the underside, a list of numbers
and directions for use

— cord and plug.
A special holder for wall mounting is also available.

The requirement of good quality and small dimensions has been met through
the use of new components. The contact system for privacy and hook switches
(fig. 6) is based on L M Ericsson’s well tested miniature relay technique. To
ensure reliable keving L M Ericsson’s new keyset! has been used. The micro-
phone amplifier is made on the cermet principle developed by AB RIFA. which
ensures greater reliability than discrete components. It also limits the pick-up
of radio signals. The cord is partially spiralized, made of tinsel strands. and the
plug is of an attractive design.

The call lamp has a light conductor which provides a very distinct indication
of calls. Alternatively the call lamp can be replaced by a light emitting diode.

The ERICOM is simple to install and service since it is held together by only

WO screws.

Circuit Diagram
Incoming Calls

On incoming calls to the ERICOM a test is made via diode D2 to see whether
the station is switched for privacy or direct access. If in privacy condition contact

8
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Fig. 7
Simplified circuit diagram of ERTCONM 30001
A Privacy override and talk button

B Clearing key
C Capacitor

D1, 2 Diodes

Ti, 2 Pads

¥ Preamplifier

1 Keyset

K Hook switch for transfer loudspeaking —
non-loudspeaking

L Call lamp

M Microphone

H Loudspeaker

s Privacy switch

R Potentiomeler

The exchange is called when either of the micro-
phone wires La2, Lb2is connected to Lal through
pressing of one of the number buttons.

The cade ination thus tr d to the
microphone wires will be seen from the table.

a = full-wave current, h = positive half-wave
current, ¢ = negative half-wave current

Comb. no. 1 2345678890
La2 a a [ a a b b
Lh2 bbb aaacc
Fig. 8

Individual adjustment of the intercom to the
room acoustics is done with potentiometer
R. Max. volume is obtained when R is fully
disconnected, i.e. in the far right-hand posi-
tion
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S is open (fig. 7) and repeated tones are heard in the loudspeaker H at the sume
time as lamp L lights. The call is accepted through momentary breaking of the
loop Lal. Lbl with key A. At the end of conversation the station is automatically
returned to privacy condition.

On a call to a station switched for direct access. in which case contact § is
closed. lamp L lights and only one tone is heard. after which connection is
established, No operation of keys is required.

Speech Circuit

When the intercom is standing on the desk, the microphone is connected to
[a2, Lb2 via the hook switch K and preamplifier F. and the loudspeaker to
Lal. Lbl via K and the series resistor R. When the intercom is raised. the
microphone is connected to Lal, Lbl via K and pad TI. and the microphone
now functions as receiver. The loudspeaker is connected to La2. Lb2 via K,
pad T2 and amplifier F. The loudspeaker now functions as microphone.

Voice Control and Clearing

Switching between speaking and listening is electronically controlled by the
voices of the conversing parties®, The two parties therefore have their hands free
during conversation, In the case of high noise level in the environment of the
receiving station. button A can be used for manual speech control. The button
is depressed for speaking and released for listening.

During conversation the call lamp is alight on both stations until one of the
parties clears the call by pressing button B, whereupon loops Lal, Lbl and La2.
I.b2 are both broken.

Adaptation to Room Acoustics

The speech transmission of the ERICOM used in an AVF 404 system is
adapted to function satisfactorily in a normal soundproof office room with
reverberation time up to about 0.7 s. Some rooms, however. have a longer rever-
beration time. There is then a risk that the direction of speech in the connecting
circuit amplifier is reversed owing to the reflected signal picked up by the micro-
phone. This causes the speech to be chopped up. To adapt the ERICOM to such
rooms as well. the loudspeaker circuit has been furnished with a variable series
resistor. the potentiometer R (fig. §). An increase of the resistance then dimin-
ishes the loudspeaker output, and thus the signal picked up by the microphone:
and chopping of the speech is prevented.?

ERICSSON REVIEW No. 3. 1973




Fig. 9 (left)

Freguency response for loudspeaking con-
nection

Fig. 10 (right)
Frequency response for non-loudspeaking
connection

125 Pl 500 1000 2000
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Acoustics

As ERICOM 30001 must work with other instruments in the AVFE 404 system,
the transmission requirements are defined.

An interesting observation has been made, however, since the marketing of
AVF 404 instruments started. It has been found that people generally, when
using an intercom, speak at a sound level of about 75 db, whereas earlier instru-
ments were generally designed for 65 db. The consequence is that the sound from
carlier intercom telephones appears to be too high.

In the ERICOM the transmission level is lowered by about 6 db in relation
to carlier instruments of the AVF 404 system. Since the dimensions of the
ERICOM are considerably less than those of earlier instruments. the problem
naturally arose of obtaining a sufficient loudspeaker output at a moderate
acoustic coupling between microphone and loudspeaker.

The acoustic coupling between loudspeaker and microphone must be well
defined, especially within the range 1000—2000 Hz, in order that the duplex
circuit may function satisfactorily. A reasonable coupling requires a sufficient
distance between the microphone and loudspeaker apertures, a sufficiently pliant
mechanical attachment of the microphone and loudspeaker, as this determines
the mechanical conduction of sound. and limited internal transmission of direct
sound.

The loudspeaker has been provided with an unusually powerful magnet in rela-
tion to its size. The cone is fairly stiff with a pliant suspension and the base re-
sonance is fairly attenuated. The major portion of the inside of the ERICOM
functions as rear volume.

The microphone is placed at the top in its own pliant suspension and with
closed rear volume, which is acoustically well screened off from the rear volume
of the loudspeaker. The transmission characteristic has a slight rise between
1000 and 3000 Hz.

The total acoustic coupling is of the same magnitude as that of other AVF
404 instruments, i.e. — 80 db.

ERICOM as Loudspeaking Instrument

The transmission level of the ERICOM, as already noted. has been lowered
by 6 db in the base range below 1000 Hz compared with earlier standard instru-
ments. The treble range has roughly the same sensitivity for the two types.

Room noise diminishes with the frequency. This means that the noise sensitivi-
ty of the ERICOM diminishes.

The sending sensitivity increases greatly as a function of the frequency (fig. 9).
Thus the possibility for consonants at the beginning of words to reverse the direc-
tion of speech increases. which increases the intelligibility of these consonants
by 5—10 per cent compared with earlier instruments (AVF 404).

4000 000 !1 50 500 il 2000 4000 8OO0
Hz Hi



Fig. 11
Underside of ERICOM with list of numbers
and directions for use
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ERICOM as Non-Loudspeaking Instrument

When the loudspeaker is used as microphone. its frequency characteristic is
practically linear.

The microphone used as receiver has a steeply falling characteristic. This is
cempensated, however, by the rising characteristic of the connecting circuit
amplifier. The frequency characteristic for a connection between two non-loud-
speaking instruments is shown in fig. 10. As will be seen, it is practically linear
from 500 to 3000 Hz, which is fairly similar to the response of a non-loudspeak-
ing instrument.

In conclusion it may be mentioned that the frequency characteristic of the
ERICOM components, in combination with the connecting circuit, cooperate to
produce a satisfactory result for both types of conversation.

The placing of the microphone at the top of the instrument means that the
directional characteristic measured in the horizontal plane 30 ¢cm above the desk
for an instrument placed on a desk in a normal room varies only by 1 db. The
placing of the loudspeaker with vertical radiation means that the deviation in the
directional characteristic in the same horizontal plane is about 2 dh. Measure-
ment has been made with “pink noise™. Used in a normal office. therefore, the
ERICOM may be regarded as omnidirectional.

Applications

Great care has been devoted to making the ERICOM simple and easy to use
and well adapted to the existing intercom system. As carlier noted. the ERICOM
is @ one-picce instrument which functions as loudspeaking intercom when placed
on a desk or in a wall holder. When it is raised from the desk. the hook switch
switches over from loudspeaking to non-loudspeaking. When replaced, the
instrument becomes loudspeaking again.

The number of buttons in relation to previous instruments has been reduced
from 17 to 13, 12 of which are placed in a rectangular clearly surveyable Keyset.
The buttons are non-locking. The 13th. the privacy burron, which is longer than
the others. is a sliding fingertip switch. It is marked with a green and a red
arrcw. With the button in left-hand position the ERICOM is switched for
privacy {green arrow). The lamp lens is so arranged that the red colour is nol
visible even in direct sunlight unless the lamp is alight.

Directions for use and list of numbers with space for 15 extensions and the
user’s own number are placed on the underside. protected by a transparent plastic
sheet which can easily be withdrawn when alterations have to be made (fig. 11,
One thus avoids the treuble of finding a place for the directions and list of num-
bers. as both are attached directly to the instrument.

The ERICOM is easy to place in its wall holder. The holder can be fastened
to a vertical or horizontal surface.

Exchanges within the AVF 404 system can be strapped in such a way thal
the ERICOM may be used not only for digit selection but also for “Name™ and
"Add. facility calls”. Up to & persons may be called by one-digit-selection, which
according to our investigations is entirely adequate.

When using the ERICOM without the “name call” facility the numbering

scheme of the extensions starts with digits 1—9. Digit 0 as first digit is reserved
for “add. facility calls™.

ERICSSON REVIEW No. 3. 1973
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Using the ERICOM with the “name call” tacility. digits 1—8 are used for
one-digit selection of 8 persons. Digit Y as first digit is used as pre-selection
button for all other extension numbers. Digit O as first digit is reserved for “add.
facility calls™.

The advantages of a small number of buttons with numerical and alphabetical
notations is manifest. One thus obtains a simple and distinct directory of names,
numbers and special services.

Summary

The advantages of the ERICOM 30001 may be summarized under the fol-
lowing points:

— one-piece intercom both for loudspeaking and non-loudspeaking conversa-
tion

— well adapted both to offices and industrial premises

— its use is easy to learn

— simple mechanical structure and easy to install and maintain
— usable with AVF 404 system exchanges.

Through the use of modern electronics and electromechanics the ERICOM is
an instrument which combines high reliability and good sound quality with low
weight and volume.

Technical Data

Voltage levels: Outgoing microphone voltage measured on line

side, max. 2 V

Outgoing loudspeaker voltage measured on line
side, max. 22 V

Loudspeaker output:

Loudspeaker:

Microphone:

Microphone amplifier:

Line data:

Dumensions:

Weight:

Colours:

References

60—900 mW (depending on length of line and
on the variable resistor R)

300 ohms, dia. 64 mm

Dynamic, 200 ohms

Thick film hybrid cermet, gain 49 db. 10 mA supply

The extension station is normally connected to max.
120 ohms (length of line 0—700 m) or. after by-
passing of a resistor, to max. 240 ohms (700—
1400 m)

Width 75 mm

Max. height 131 mm

Max. length 255 mm

When mounted in a wall holder the ERICOM pro-
jects 125 mm from the wall

0.61 kg
White, reddish brown, black

1. Bnung, R.: Kevser for Telephones with V. F. Code Signalling. Ericsson Rev. 46

(1969): 2, pp. 49—58.

2. MEeLLoVIST, L.: Natural Speech Control in the DIRIVOX Systen. Ericsson Rev. 43

(1966): 1, pp. 8—11.

3. Bercouist, A DIRIVOX — L M Ericsson’s Loudspeaking Conumunication Syvs-
rem with Narural Speech Control. Ericsson Rev, 43 (1966): 1, pp. 2—7.
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The Application of Dynamic Programming for
Planning of Main Cable Networks

YNGVE RAPP, TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM. & KJELL MOUM
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Ericsson Review No. 3, 19691, contained an article describing the theory of
dynamic progranmuming for computer calculation of conduit and main cable
network for a local exclhiange area. The present article deals with a practical
application of this method.

Dynamic Programming

Dynamic programming. as applied in this case. is a rational method for
obtaining optimal solutions. The principle of the method is briefly that. through
stepwise suboptimizations carried out in accordance with a special pattern, one
arrives at a final optimum,

Dynamic programming results in an extremely great reduction of the volume
of calculation compared with that required for direct total optimization. The
direct total optimization principle. which is that normally used, is in reality nol
usable for the planning method dealt with here. as it includes calculation of so
many and such detailed data.

Application of Dynamic Programming

Using the method of dynamic programming the computer determines the
most economical choice of network construction by, inter alia. calculating the
optimal number of stages of expansion within a lengthy planning period. with
indication of the length of each individual stage. It also specifies the annual
requirement of cable and conduit hased on subscriber growth, existing network
and the time-value of money. The method therefore leads to great savings in
costs and work.

The method has been successively used in the planning of the Hervanta ex-
change area outside Tampere in Finland. The project was based on development
studies. since these are well adapted to such planning. This method of study is
dynamic in the sense that it recognizes the time-value of money and that it
determines the additions to plant in such a way that the sum of the present value
of outlays over a given planning period is as small as possible.

The necessary data for the project were provided by the Finnish Telephone
Administration, whereas the computer calculations were carried out by LM
Ericsson. The application of the method will now be considered on the basis
of the Hervanta project.
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The Hervanta Arca

The Hervanta area. which is situated some 20 kilometres from Tampere, 1s
a new area which in 1980 is expected to have some 32,000 imhabitants. It consists
of a university area and of a commercial and residential area. The residential
arca comprises both one-fanily houses and multistorey buildimgs,

The commercial and residential arca. which is the subject ol this study. s
situated 1o the west of the main thoroughtfare (g, 1).

Assumptions for the Calculation

In the planning of the cable network for the Hervanta arca it was necessary
to take into account four variables to be fed into a computer. viz.:

— alternative main cable networks
— planning period

— COosls

— subscriber growth

Fig. 1

Map of Hervanta. The numbers indicate the
years in which it is expected that each area
will be developed
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Table 1

Network matrix exemplifying the input to the
program. If spare ductways are desired on a
cable run, this is indicated by a minus sign
in front of the number of ductways

Fig. 2

One of three alternative cable construction
schemes, The map comprises only part of the
exchange area. From the telephone exchange
in the upper right-hand corner the main
cable network extends to the numbered cable

division cabinets
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HETWORK-MATRIX j
PRIMARY SECONDARY LENGTH OF SPARE STUMPER STUMPER NEAD nEAD SPARE
POINT POINT CABLEROUTE Balas PAIRS PAIRS BALRS PAIRS  DUCTWAYS
IN METERS AT T=0 AT T=n WANTER AT T=0 WANTED AT Ten
1 4 200 =0 -0 =0 o -1
2 101 [ -0 & -0 0 -
2 1 130 -0 - -0 -0 n -1
3 102 o =0 -0 =0 (] -0
3 [ 128 -0 -0 =0 L =1
o 103 0 -0 -0 =0 0 -0
4 5 140 = =n -0 n =1
5 104 ] -0 -0 -0 0 -0
5 s. 108 - -0 -0 L] - |
6 105 [ -0 -0 -0 [ -0
& 7 125 = =f -0 n =
7 106 a -0 -0 -0 0 -0
7 a a0 -0 -0 -0 L] -1
) 107 0 -0 -0 -0 0 -0
] a 145 - -0 -0 f =
5 1080 142 =0 -0 -0 0 -1
1080 108 [ -0 -0 -n n -0
9 109 0 -0 -0 -0 0 -0
s 1 a1 -0 -0 -0 0 =7
10 110 (] -0 -0 -0 0 -0
10 11 126 -0 -0 -0 ] =1
11 111 (] -0 =0 =0 o -0
11 1120 130 -0 -0 -f a =1
1120 112 a -0 -0 -0 1 -0
5 12 246 -0 -0 -0 ] -1
12 113 0 -0 -0 -0 (] -0
12 13 166 =0 -0 -0 9 =
13 114 [ -0 -0 -0 a -0
U] -1

13 120 150 =0 =0 =1

Main Cable Networlk

Table 1 shows the necessary data for the network matrix with division cabinets
as shown in fig. 2 (alternative 3). For purposes of optimization the corresponding
data for two other alternatives with approximately the same total length of cable
runs and number of division cabinets but with different cable routes were fed
into the computer.

Input: Data for three alternative cable construction schemes.

ity

——reil
——]
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Table 2

Subscriber forecasts for the division cabinets
in fig. 2 during the 25-year planning period.
Year 1 = 1973, year 2 = 1974, etc,
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Planning Period

The Administration had decided on a 25-year planning period (1972 1997),
so that the sum expressed in the present value of the costs of the various stages
would have to be minimized during this period,

Conduit was to be constructed only on one occasion during the planning
period. For extension of a cable run, therefore, the corresponding conduit would
have to be so dimensioned as to cover the demand during the remainder of the
period.

Input: Planning perviod = 23 vears.
& I i

Subscriber Growth

During the period 1973—1980 it was planned that the Hervanta area should
be developed in the order of sequence shown in fig. 1. Based on the available
statistics the Administration had drawn up subscriber forecasts for the entire
planning period. Table 2 shows the subscriber growth in the primary cabinets
for the main network shown in fig, 2.

Input: Subscriber forecasts for each primary cable cabinet.

Costs

Method of cable construction

Three methods of cable construction may be used in each of the main net-
works. namely cable in conduit, armoured cable buried directly in the soil. and
cable on wall brackets in underground shelters.

Cable and conduit

Abbreviations: Fmk = Finnish marks, m = metres. n = number of pairs.

p = number of ductways.

The costs of cable and conduit have been specified by the Administration as
set out in table 3. For adaptation to the programming method, cost functions
consisting of fixed costs (Fmk/m) and variable costs (Fmk/m - n or Fmk/m - p)
are derived from the table by analysis in accordance with the method of least
squares. For each cost function (€') so calculated, a caleulation has also been
made of the correlation (R) which describes the relation between cach cost func-
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Table 3

Data for construction of the cost functions
provided by the Finnish Telephone Adminis-
tration. The number of pairs and number of
ductways indicate the standard sizes used. In
some parts of the network 20 and 30 pair
cables are also used

tion value and the corresponding value in table 3. From the satisfactory values of
(R} itis apparent that the method of least squares gives a virtually exact result.

The calculated cost functions for cable and conduit and the correlation are

presented below.

Armoured buried cable

Paper-insulated and lead-sheathed cable
0.4 mm in conduit and shelters

Plastic ducts

= 26.58 + 0.075 x n (Fmk'm)
= (.9993
= 850 4+ 0.072 x n  (Fmk m)
= (.9997
= 2593 + 7.67 x p (Fmk/m)

0.9962

The fixed cost for armoured buried cable (26.58 Fmk) shown above includes

the cost of asphalting, namely 10 Fmk.

Digging and Administration

N, B¢ péirs p?_.%l; Jointing laying Work supervision Total

Work N:?;?_ Work ﬂ?;f_ Dir:; 3 T;?_,I:f‘ Contract
Armoured buried cable 0.4 mm 50 5,98 0,98 0,17 6,52 1,89 0,50 2,02 1,17 19,23
70 7,51 1,10 0,17 ;52 1,89 0,50 2,02 1,17 20,88
100 9,83 1,22 0,21 6,52 1,89 0,50 2,02 117 23,36
150 13,52 1,40 0,22 6,52 1,84 0,50 2,02 347 27,24
200 17,40 1,65 0,24 6,52 1,89 0,50 2,02 1,17 i,
250 20,86 1,83 0,25 6,52 1,89 0,50 2,02 1,17 35,04
] 34,52 2,07 0,31 6,52 1,89 0,50 2,02 1,17 19,00
400 12,05 2,50 0,36 6:52 1,89 1,00 2,02 1,17 47,51
500 19,48 2,93 0,41 6,52 1,89 1,00 2,02 1,17 53,42
BO0 45,97 1,96 0,44 6,52 1,89 1,00 2,02 1,17 62,37
/00 60,05 4,21 0,47 6,52 1,849 1,00 2,02 147 7.3
1000 74,18 512 0,54 6,52 1,89 1,00 2,02 1,17 92,40
1200 87,48 5,92 0,60 6,52 1,89 1,00 2,02 1,17 106,60
1600 105,17 7,38 0,67 6,52 1,89 1,00 2,02 1,17 131,82
Cable 0.4 mm in conduit 50 4,91 0,98 0,15 1,56 0,15 0,50 0,88 = 11,13
Mean distance between joints 128 m 70 6,55 1,10 0,15 1,56 0,15 0,50 0,88 —_ 12,89
100 8,74 1,20 0,19 1,56 0,15 0,50 0,88 —_ 15,22
150 12,28 1,40 a,19 1,56 0,15 0,50 0,88 - 18,9
200 15,73 1,65 0,21 1,56 0,15 0,50 0,88 - 22,68
250 19,03 1,83 0,22 3,56 0,15 0,50 0,88 - 26,17
100 22,59 2,07 0,28 3,56 0,15 0,50 0,88 —_ 30,03
400 29,58 2,50 0,13 3,56 0,15 1,00 0,88 —_ 38,00
500 36,12 2,93 0,38 3,56 0,15 1,00 0,88 - 45,02
BOD 42,86 1.3 0,41 3,56 0,15 1,00 0,88 - 52,22
A00 56,17 4,21 0,44 1,56 0,15 1,00 0,88 - 66,61
1000 70,12 5,12 0,51 3,56 0,15 1,00 0,88 -_ 81,3
1200 82,94 5.92 0,57 1,56 0,15 1,00 0,88 - 195,02
1600 107,51 7,38 0,64 1,56 0,15 1,00 0,88 - 121,12

A&mi;iitragon

£ ork super-
No. of T Dlgr?cling Manholes \.risjon

dict  one laying s £ g Tol

price = o F

ways : g £

Work Nﬁ?;?‘ Work Mr?;?- AgfleeSsS‘ e?;m; a ::n 3
Plastic ducts 4 19,20 7,60 6,00 2,4 11,00 0,53 2,48 1,80 5,06 5,63 61,74
Mean distance between manholes 128 m & 28,80 8,70 6,00 2,44 11,00 0,53 2,48 2,10 5.1 5,93 73,
9 43,20 11,20 6,00 2,44 11,00 0,51 2,48 2,70 6,08 6,83 92,44
12 57,60 12,30 6,00 2,44 11,00 0,53 2,48 3,00 6,86 7,63 109,84
13 72,00 14,60 6,00 I, 3 2,48 3,60 7,76 8,63 146,37
20 96,00 17,30 9,50 2,48 4,20 9,56 10,63 170,77
24 115,20 19,20 9,50 19,10 2,48 4,50 12,56 14,13 216,87
an 144,00 23,20 10,50 2,48 5,40 15,06 16,61 256,57
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Fig. 3

Procedure for caleulation of economical in-
tervals of extension wsing dynamic program-
ming

Shaded areas corr d to mini ext

(or provision) costs
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Terminal costs

The costs of connecting a cable pair to a division cabinet and to the exchange
side of a main distribution frame are called terminal costs, which in this case
amount to 3.89 Fmk in the division cabinet and 1.05 Fmk on the M.D.F.

Input: Fived and variable costs for cable and conduit, terminal costs, cable
and duct sizes in accordance with table 3.

Internal rate of interest for costing purposes

The internal rate of interest was lixed by the administration at 13 9/,

Input: fnrernal rate of inrerest 13 1/,

Method of Calculation

The number and duration of the extension stages within the 25-year planning
period decided upon must be so determined as to yield a minimum present
value of the future costs.

The number of possible methods of extension for the 25-year period is

2a-1 = 22— 16,777.216

but. as a result of the dynamic programming principle employed, the economic

[

= 325 calculations.
1

optimum is attained after only

The economical extension periods are determined by means of a dynamic
calculation algorithm constructed in accordance with the dynamic programming
theory. The following chain of reasoning is employed.

If the planning period (the plan horizon) T = 1 vear. there is only one way
of making the extension, namely for one year's requirement, and if 7 = 2 years
one can either extend for one year at a time or for two years at a time.

For T = 3 there are four possibilities of extension. but only three additional
cases need be examined since the preceding calculations already show the best
method of extension for T = 2.

For T = 4 there are 8 possibilities of extension. but only four need be in-
vestigated since one already knows the best method of extension for 7 = 2 and
T =3

Fig. 3 illustrates by way of example the calculation procedure for the planning
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period T = 5 years with one year’s interval between calculations. Mathematically
the calculations are expressed by the following formula:

N(O) = min [min N(Ox) + N(xt)] (¢t =1,2...., T) 0<x<
where

N{(Or) = present value of extensions during the period O—r
N(0Ox) = present value of extensions during the period 0—x
N(xr) = present value of extensions during the period v—r.
The dynamic programming method results in a great reduction in the required

number of calculations compared with examination of all theoretical possibilities,
This is clearly evident from the following table.

Number of calculations
Number of

calculation intervals Dynamic All theoretical
programming possibilities
10 55 512
20 210 524, 288
30 465 228
40 820 289

Output from Computer

Tables with data

Output from the computer takes place in plain language and in easily legible
tabular form. Since all printed results are exact. the tables can be directly and
conveniently converted into a cable network plan. Printed data include:

— number and length of extension periods

— detailed specifications of cables and conduit to be installed each year on the
VATIOUS runs

— summary of installation costs with present value during the planning period.

Optimal solutions for the three alternatives of interest in this case are printed
out in conjunction therewith.

It should be noted, however. that new calculations should be made before
cach new extension stage. so that in most cases it is necessary to present a detailed
specification solely of the first stage. For the remainder of the period a summary
of the calculated investments is presented in such case.

There follow a few examples of outputs, Table 4 shows for each year. among
other data. the necessary number of pairs per route, table 5 shows the situation
in the nodes of a network after each extension interval with indication af number
of dead pairs, stumped pairs. spare pairs connected to cabinets, and joined and
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Table 4 ,—*
Example of output from computer. The cable B e e
size is indicated in pairs/cable run (“PAIRS™)
1 INTERVAL NUMBRER 1 I
1 I
J=s====s==s=ss====s=s======s==]
YEAR 0O PRIMARY NETWORK
[=======zz]==s==ss===[=====z==zszs==sz===[=======s==[====zc====z======z====1
! I 1 1 | I TERMINALSI
I CABLE 1 LFNGTH I PAIRS T COST/M I CABLF |
1 RUN I M 1 1 I cosT 1 NUMBER CosT 1
j===cc=z=slS=xrcoea= 1 1 1
I 1 1 I 1 I 1 I
1 G Bty gt 00 200 1 1000 1 A0.SN 1 16100, 1 1000 I 1050, 1
I 1 1 1 I I I 1
1 2 =101 1 ks 100 1 15.70 1 0o 1 100 1 ELE S |
1 1 1 1 1 ! 1 1
I 2 =10L'1 01 100 1 15,70 1 0. I 1on 1 3A7. 1
1 I 1 1 1 1 1 1
I 2 =101'1 0! 100 1 15.70 1 0. 1 100 I 387. 1
ISe==smascx e (o= mg o ool an=c s oo nso oo s=naan]
1 1 1 1
TOT AL I 16100, I TOTAL I 22116 1
SZsosoSTe=rs ===========
YEAR 1 PRIMARY NETWORK
Ies=e=sp=c=sfa=scc=c=sc [ o=cossgce osc=coscsfasccacaca—scaxsaccs—co=cana]
I 1 1 1 I I TERMINALSI
I CABLE T LENGTH I PAIRS T cOST/M 1 CABLE I
1 RUN I'M 1 1 1 CosT 1 NUMBER COsT 1
1 I I I !
I 1 1 1 I
1 1 1 1
1 I 1 1
1 1 1 1
I 1 1 I
I I 1 1
1 1 1 I
1 I 1 1
1 1 1 i
1
1
SITUATION IN THE NODFS
NODE REQUIRED JOINED SPARE STUMPED DEAD
PATRS PALRS PAIRS PATRS PATRS
2 2600 2600
101 ARG 400 16
3 2200 2200 200
102 arr 400 23
4 1600 1600 150
103 293 0o 7
5 1150 1150
104 20 50 30
£ 1000 1000
105 1n2 150 4P
T aso 1000 150
106 1n2 150 48
8 700 ROD 100
107 aon 50 20
9 650 ago 150
1080 250 250
108 21s 250 as
109 145 150 9
10 250 250
110 10 50 40
1. 200 200
111 148 150 2
1120 S0 50
112 10 50 4n
12 100 100
113 30 50 20
13 50 50
Table 5 114 20 50 30
Example of output from the computer. The 120 0 0 0
situation in the nodes of the network after a
given extension period
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stallation costs and their present values for

Table 6 S == )
Example of putput from computer. The in-
the entire planning period 1 1 1 1
1 YEAR 1 COST OoF 1 TOTAL 1 PRESENT VAILUE OF T TOTAL 1
I I INSTALLATION I 1 INSTALLATION COST I 1
1 G ey
I 0 1 37303. 6 1 37303. 1 1
1 3T 17042, 1 I 15081, 1 1
H e 1 63628, 1 1 49830, 1 1
1 1 I 1179731 1 102214,1
1 3 1 161047, I | 111613, 1 1 |
1 4 1 14947, 1 1 Q1RA, 1 I |
I 1 I 175994.1 I 120781.1
1 5 1 164792, 1 1 R944T, 1 1
I I | 3R7. 1 1 186, I 1
1 1 I 165179.1 1 B9A29,1
1 B 1 834613, 1 I 31395, 1 1
1 9 1 4955, 1 1 1649, 1 1
1 10 1 15860. 1 1 “hT2. I 1
1 1§ I 104aP78.1 [ ITTIT.
1 17 1 2r3le. 1 1 3295, 1 1
1 19 1 1984, 1 1 a9, 1 1
1 ga. [ 3073. I 1 209, 1 1
1 23 1 193. 1 1 124 1 1
1 1 1 33562.1 1 3906,1
I=====s==s]==s========s=c==c==[===s=====]=s====s==ss=c=sxccseac=ncass
GRANDS I I GRANDS I
TOTAL 1 596986.1 TOTAL T 354747.1

required pairs at a node. Table 6 presents a summary of the mstallation costs
for the entire planning period.

Fig. 4 shows a network plan based on the optimal solution for the alternative

Fig. 4 : : ; :

= . . " - shown in fig. 2. This alternative will prove in the sequel to be the most eco-
The optimal solution of the alternative in he / n fig h te prove quel to be the most ecq
fig. 2. nomical one.

Cable in conduit
————— Armoured buried cable
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For every cable run in fig. 4 the cable size and year of installation have been
indicated, the year of installation always being calculated to occur one year
before the need arises. For cable in conduit each cable run is marked by two
Roman numerals. The left-hand numeral indicates the necessary number of
ductways to cover the extensions during 25 years, including one spare ductway.
and the right-hand numeral indicates the number of ductways for special pur-
poses (e.g. coaxial cable for closed circuit television) which the Administration
desires to have in reserve.

Choice of Network

For the three alternatives the printout resulted in the following optimal costs,
expressed in present value. which were calculated on the total costs during the
25-year period.

Alternative 1 = 673,000 Fmk
Alternative 2 = 563.000 Fmk
Alternative 3 = 512,000 Fmk (figs. 2 and 4)

Alternative 2 i1s 109/, and alternative I more than 30 %/, more expensive than
alternative 3.

The calculation points clearly to alternative 3 and the Administration need
budget only 512.000 Fmk to cover the entire 25-year period.

For further investigations of alternative networks these results may provide
some guidance in finding, if possible, still cheaper alternatives.

New Calculation per Stage and Maintenance Costs

Before each new extension stage, as already mentioned, the stage should bz
recalculated using up-to-date forecasts and possibly corrected costs.

If the new forecast shows a considerably higher demand than that on which
existing conduit was calculated. the costs for replacement of existing cables by
larger cables should be weighed against the costs for extension of conduit.

The maintenance cost in each case should be carefully considered when de-
ciding between the two alternatives. Armoured underground cable, for example.
after burial, proves to be about 2 9/y cheaper than cable in conduit. but its main-
tenance cost is higher. This may even exceed the price difference for buried
cable.

Summary

Of the apparently equivalent three alternatives the computer output showed
that one alternative was 30 /4y more expensive and another 10 9/g more expensive
than the most economical one.

As the printed results are exact, these can be directly converted into a com-
plete cable network plan, which is a valuable aid for planning of equipment

orders and drawing up the installation program.

As basis for a long-term financial estimate one obtains a budgeted figure for
the annual investment requirement.
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The planning method is convenient in use and. owing to the dynamic pro-
gramming, the computer operations, and so the computer time, are reduced
0 a minimum.

Reference
Rapp. Y.: The Use of Dyvnamic Programming for Planning of Extensions of Conduits

and Main Cable Networks in a Local Exchange Area. Ericsson Rev. 46 (1969): 3, pp.
102—112.
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Modem ZAT 2400 for Data Transmission

ORJAN MATTSSON, TELEFONAKTIEBOLAGET LM ERICSSON. STOCKHOLM

UDC 681.327.5:
621.395.126
LME 8152

The increased use of data processing has created a great demand for rational
methods of transmitting dara. Today the telephone nerwork is wtilized to a con-
siderable extent. In order to transmit digital information via a telephone channel
it is necessary to use modems, i.e. equipment which on the send side converts
data information in the form of binary d.c. pulses 1o voice frequency signals
{modulator) and on the receive side carries out the reverse process{demodulator).

L M Ericsson has developed and is marketing the modem types standardized
by CCITT for serial transmission of data at 200, 1,200 and 2.400 bit/s. In the
following article a brief description is given of the modem equipment for the
data signalling rate of 2,400 bit/s, which has been given the designation ZAT
2400, fig. 1. This equipment, which in the main consists of integrated circuits,
is built up on a modular basis and can thus be equipped to provide different
operational facilities. Among other things the equipment can be provided with
an equalizer in order to make possible traffic over lines with poor transmission
quality.

Fig. 1

Modem ZAT 2400 mounted in a case. A
mains switch, with a signal lamp built in, is
mounted on the front of the modem connection with data communication.

In the design of the modem equipment special attention has been paid to the
problems that arise in the multi-point networks that are often encountered in
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Fig. 2
Block diagram of a data circuit

Fig. 3

A multidrop circuit where several remote
stations exploit a common telephone channel
for communication with a cenfral computer

o
| |

Modem

Modem

Modem

Computer
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circuit
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Range of Application

[t has been shown that ZAT 2400 can be used in many types of data com-
munication systems. Besides its limited complexity. which gives reasonable
costs and good reliability. the equipment offers a relatively high transmission
speed without any extreme demands on the quality of the transmission lines,
The cquipment alse has good start characteristies, i.e. a short synchronizing
time.

ZAT 2400 can be used
— for tratfic between computers

— in data collection systems. for example for remote feeding of data, The
system is often combined with the remote control of processes,

— i data communication systems where the information for a whole company
or an administrative unit is stored in a central computer and where enquiries
and updatings can be made via, for example. display unit terminals. Ex-
amples of this are seat reservations, bank transactions ete. In these and
similar cases the use of a relatively high data signalling rate is justified not
only because of the amount of data that must be transmitted, but also because
the time between the enquiry and the answer should be as short as possible,

— in certain systems where from the point of view of, for example. line costs it
can be justified to bring together geographically adjacent low speed channels
to form one or a number of high speed channels for communication with a
distant computer.

Fig. 2 shows a block diagram of a communication link between a compuier
and a data terminal. In this case a leased point-to-point circuit is used as the
transmission medium.

In order to reduce the line costs in systems where many terminals are ©
communicate with a central computer. and where it is a question of a limited
amount of data per call, for example the previously mentioned system for seal
reservation. a number of data terminals can be allowed to use the same com-
munication link. An example of a multi-point circuit is the network configura-
tion. designated multidrop. shown in figure 3. As only one terminal can send al
a time the communication is controlled by the central computer via a special
calling system (polling). whereby one terminal at a time gets permission to send.
In order to reduce the time for a scanning cycle it is essential that the modems
have short synchronizing times. A multidrop network makes special demands
cn line equalization. This is dealt with in more detail below under the heading
of “Equalization™.

Specification

Modem ZAT 2400 is designed in accordance with CCITT recommendations
V24 and V26. It is intended for synchronous operation at data signalling rates of
2.400 bit's over leased two-wire and four-wire telephone lines. ZAT 2400 is also
adapted for operation over the general switched telephone network. The melhu‘d
of modulation is differential four-phase modulation, and the data information 15
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Dibit 00 01 1 10

Code A 0° | 90° | 180° | 270°

Code B | 45° | 135° | 225° | 315°

Fig. 4

The relation between the data information
and the phase shift of the line carrier for
code alternatives A and B, The data bits are
grouped and dealt with in pairs (dibits)

Fig. 5

Idealized picture of four-phase modulation
in accordance with code alternative A. When
the modulation is differential there is no need
for an absolute phase reference in the system

Upper curve — the data signal
Lower curve — the line carrier

ERICSSON REVIEW No. 3, 1973

encoded by means of phase changes of the outgoing carrier in accordance with
two alternative coding arrangements. A and B. that are defined in fig. 4. Fig. 5
shows a modulation example in accordance with code alternative A.

ZAT 2400 can be equipped with an FM modulated backward channel for
speeds of up to 75 bit/s in frequency multiplex with the data channel. The back-
ward channel can be used for sending acknowledgement signals and the like.
Alternatively the equipment can be provided with single or double sets of
equalizers for equalizing the group delay distortion and attenuation distortion
of the line.

Function

The build-up and function of the modem are illustrated by the block diagram
of fig. 6.

The equipment is limited on one side by an analogue interface for connection
to the telephone line and on the other by a digital interface. Across the digital
interface, data signals, timing signals and control signals are exchanged between
the modem and the data processing equipment on CCITT interchange circuits
numbered 101, 102 etc. In addition, for testing and control purposes, a national
interface has also been included in the equipment for connection of an external
control unit.

The modem can be divided up into
— a modulator
— a demodulator

— common equipment consisting of a line unit with line transformers and
control logic, mains unit for the power supply via the a.c. mains supply and
a clock unit. The clock unit contains a crystal controlled oscillator out of
which all the necessary frequencies in the system are generated.

Modulator

The data signal to be transmitted comes in on interchange circuit no. 103 (fig.
6), and is converted in the encoder, via logic circuits, to a phase-shifted signal.
In the output amplifier this signal is filtered and shifted to another frequency
band and also given a suitable level before being sent out on to the line via the
line unit.

Demodulator

The signal received from the line is fed from the line transformer to the input
amplifier. in which interference outside the signal spectrum is suppressed. and
in which the signal is shifted to a higher frequency band. amplified and clipped.
For the phase detection that follows, a local reference signal is generated in the
carrier synchronizer by means of a loop that is locked in phase. This reference
signal and the clipped signal from the input amplifier constitute the input signals
to the phase detectors, the outputs of which, the baseband signals. are converted
in the decoder to the original data signal. This signal is taken out on interchange
circuit no. 104. The modem receiver also provides the data processing equipment
with receive timing, on interchange circuit 115, and an indicating signal, on
interchange circuit 109, that provides an indication when the carrier comes in
from the line. The demodulation method with a clipping stage gives the receiver
good level and start characteristics.
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Fig. 6
Block diagram of the ZAT 2400 modem
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Equalization

The telephone network has been developed for the transmission of speech,
which puts less stringent demands on the quality of the line than data transmis-
sion. particularly at high signalling rates. The group delay distortion and attenya-
tion distortion that is encountered on many telephone circuits can often be
particularly troublesome for data transmission.

In order to make it possible to transmit at a data signalling rate of 2 400 bit/s
over lines that are unfavourable from the point of view of distortion, the ZAT
2400 modem can be provided with an equalizer unit. This unit makes possible
compensation of various forms of linear line distortion. Choice of suitable equa-
lization is made via U-links on the front of the unit. In order to simplify the
choice. the equalizer is provided with an indicator circuit. the output signal of
which is a measure of the transmission quality.

Normally the equalizer is fitted on the receive side of the modem. but problems
arise in the case of multidrop networks (fig. 3). In such cases the equalizer in the
central modem would need to be readjusted when a new distant station was
called. If all the equalizers are placed on the send side the same problem arises.
ZAT 2400 offers an attractive solution. it being possible to equip these modems
with two equalizers, one on the send side and one on the receive side. By equip-
ping the modems at the distant stations with two equalizers an optimum equaliza-
tion of the whole network is obtained.

Mechanical Construction

The equipment is mounted in a 197 shelf of the type that is used for stored
program controlled telephone exchanges!. In offices etc. the shelf is contained
in a suitable case (see fig. [). The mechanical construction of the units (printed
board assemblies) is identical with that used for the PCM system=, fig. 7. and

Line unit
Con-|
frol
logl
Encoder Cutpul amplifier
= Phase _— ~t
Regisler encader = h -~ ﬁ BE
Clock 3E
Frequency divider
Multibit synchrdnizer Carrier synchroniger
Controlled Conlroited
frequency divider Trequency divider
Decoder Phase detector Input amplitier
~_
_n_ _~ A
EL) Power
faghtsr '¢ -~ E % Pﬂ % unit
= |
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Fig. 7
A unit with integrated circuits,

The front of the unit is used for strapping
and measuring purposes. The straps are made

with U-links {(a), which connect together
corresponding points on the underside and
top side of the board.

A special test cord (b) is vsed for connecting
a measuring instrument to the test points on
the front of the board. The board is removed
from the shelf with an extraction tool (¢)
which fits into a hole in the front of the board

Fig. 8

Modem ZAT 2400 seen from the front with
the front plate removed. The version shown
includes a backward channel. The unit ex-
tractor is kept on the inside of the right-hand
shelf upright. On the inside of the front plate
there is a block diagram that shows the posi-
tions of the units, the test points and the
straps. The front plate is also used for storing
the test cords

ERICSSON REVIEW No. 3, 1973

the units are accessible when the front plate is removed, fig. 8. The method of
construction, with plug-in type units, cach of which forms a complete functional
unit, provides a high degree of flexibility. Thus the modem can readily be
equipped to suit any particular application. The adjustment of the send level and
the choice of the code alternative, A or B, is carried out by means of U-links
on the front of the unit.

Fig. Y shows the rear of the equipment with the cover plate removed. Under
the cover plate there is a strapping lield, which is strapped for the particular
equipment version, and on which any other straps are made that depend on the
particular application.

The external connections are taken to connectors that are readily accessible
at the rear of the modem. Connection to the telephone line is made via a plug and
cable that is connected to a screw type terminal block.

The data equipment 1s connected to the modem via a 25-pole connector of an
approved type. Connectors are also provided for connecting a telephone and a

control unit.

Maintenance and Fault Finding

Measures have been taken to reduce maintenance. A large part of the equip-
ment has been made digital and great care has been taken over the choice of
components.

If a fault occurs. the faulty unit can be traced by exchanging units and the
faulty unit can be replaced without any additional adjustments being required.
A large number of test points, which are protected against short-circuit. are
provided along the front of the units for carrying out test measurements,

The modem’s central position in a communication system can be exploited
for locating faults on faulty data circuits. In the ZAT 2400 modem the line or
the data wires can be looped with U-links in the strapping field. In this way it
can be determined whether a fault is in the data processing equipment, the
modem or the telephone line.
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Fig. v

I'he modem equipment seen frem the rear
with the cover plate removed. At the rear
there is a strapping field (a), connectors for
connecting a telephone (h), data processing
cquipment (¢} and a control unit (d). The
connections to the mains supply and  the
telephone line are made via plugs and cables
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Summary

ZAT 2400 has come into use in a considerable number of data communication
systems because this modem

— has great flexibility, which is achieved through the modular design with
plug-in type units that form complete functional units, and a centrally placed
strapping field. which makes it possible to adapt the equipment for any
particular application.

— can be used even on telephone lines with unfavourable distortion, due fo the
fact that it is possible to include an equalizer in which different tyvpes of
equalization networks can be selected.

— is particularly suitable for multi-point networks as a result of the short
synchronizing time and the possibility of equipping two equalizers in order
to obtain the optimum transmission quality.

— is easy to install thanks to the large dynamic range of the receiver and the
ease with which the send level can be adjusted.

— simplifies fault location in the data communication system, because of the
facility whereby the line side and the digital side can he looped.

Technical Data
Line Interface

Types of line 2-wire or 4-wire

Impedance 600 £ or 800 Q@

Modulation method Differential 4-phase. code alternatives A or B
Nominal line frequency 1800 Hz

Send level 0to— 17.5 dBm insteps of 2.5 dB

Receive level —3to— 27 dBm or

—3to—43dBm

Digital Interface

Data signalling rate 2.400 bit/s
Level. impedance In accordance with CCITT

recommendation V24
Svnchronizing time 5t0 15 ms
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Power Supply

AC voltage, nominal 110,127 or 220 V (48 to 65 Hz)
Power consumption 40 VA

Climate

Temperature ODto +45 C

Dimensions

Shelf 120225 482 mm

Case 150 > 285 » 520 mm

Weight when mounted in a case 13 kg

References

1. REIDIN, A.: Construction Practice for Elecironics Equipment in Stored-Progranime-
Controlled Telephone Exchanges. Ericsson Rev. 47 (1970): 2, pp. 50—59.

2. LinpovisT S., FriTzeen, H. 1 & Cartsson, J-A PCM Multplexing Eguipnent
ZAK 30/32. Ericsson Rev. 49 (1972): 2, pp. 34—46
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Remote Measurement of Subscriber Lines

TORSTEN KLING,

108
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Remorte measurement of subscriber tines and telephone sets has hitherto been
done wsually on phyvsical circuits, using traditional weasurement technique and
within a limited range. Today, with awtomatic operation within increasingly
large areas — often with many unattended exchanges and centralized main-
tenance — one needs to be able to measure subscriber lines from a central point
in the area irrespective of the length of line and type of junction. L M Ericsson
have therefore designed a remote measuring equipment with which all informa-
tion for carrving out the measurement is provided by v.f. signalling.

The author describes the measuring procedure and also to sone extent the
design of the equipment.

Facilities and Methods

L M Ericsson’s remote measuring equipment permits rapid, accurate and
complete measurements on subscriber lines and associated telephone sets. With
this equipment a connection to any subscriber line within an administrative
district can be set up from a central maintenance centre. With the measuring
and control equipments one can then carry out measurements and perform the
following tests:

a) Check whether the subscriber’s line is free. engaged or nonmeasurable, 1f
engaged. the test operator can enter the line by issuing a special order. As
soon as the test circuit has been established, a lamp lights on a console (fig. 1),

h) Measurement of extraneous voltages with division into three classes.

¢) Measurement of insulation resistance.

d) Measurement of the capacitance between the a and b wires with division into
three classes.

e) Setting up of test calls from the tested subscriber number to the central
remote measuring equipment.

f) Measurement of dial speed with division into five classes.
g) Connection of ringing current and current feed to the subscriber.

h) Transmission of howler tone, i.e. a tone which informs the subscriber that
he has forgotten to replace his handset.

i) Reversal of polarity of the subscriber’s a and b wires.

k) Removal of holding condition due to failure of the calling subscriber to Té-
place his handset or of the equipment to clear the line.

ERICSSON REVIEW No. 3, 1973




The following results are obtained through lamp indications:

Quick check of subscriber lines is initiated by a control order which auto-
matically starts the series of measurements hsted under b)—e). Extraneous
voltages and insulation resistances, here divided into three classes, are shown
separately for the a and b wires and between these wires.

A more accurate check of the insulation resistance 1s made by means of
separate measurement orders for the a wire. b wire, and between these wires.
Separate orders are also required for high-impedance and low-impedance meas-
urements. The result in both cases is divided into 10 classes, from 5 k£ to more
than 300 kQ in high-impedance and from 02 to 5 k@ in low-impedance meas-
urements. The results of the latter category can be used for rough determination
of the location of the fault.

For data processing the measured values can be obtained from the storage
relay set, which stores the results provided by the lamp indications on the console,
On clearing of the test circuit the results are then fed to a perforated tape for
printout or data processing. The perforated tape contains the subscriber’s num-
ber, time of the measurement, statistical code keyed., if any. measurement and
control orders keyed, and results in numerical code,

The junction circuits are not included in the test circuit since the measure-
ments are made by a special unit included in the individual equipment for each
exchange. This unit is metallically through-connected to the subscriber’s line.

Additional Equipment at Individual Exchanges

Each individual exchange can be equipped with a unit to permit remote meas-
urements of three different DC voltages and of ringing and mains voltage, for
monitoring of buzzer tone and for check of the alarm transmission system of
the exchange,

For remote control of ten different functions, such as connection and dis-
connection of different items of equipment. opening of door. starting and stop-

Fig. 1
Console forming part of the remote meas-
uring equipment
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Fig. 2

Connection of PR-A and PR-B of the remote
measuring  equipment to a multicxchange

network
MA Console
Connecting relays for max. live MA

ANR  Analyser

PMR  Program store

OSR  Order transmitter and resull receiver

MMR  Store for results of measurements

TNR  Service number relay sel

KSMR Connecting relays for KSR

KSR Code sender (MFC)

SKR  Quick connection relay set

NSR Conpecting and recording relay set for
tape punch

OMR  Order receiver and result transmitter

AMR  Measuring equipment for subscriber's
line

CMR  Supervisory equipment for voltages, tone
and alarm system

FSR Remote control relay set

FIR-P System-adapted test circuit to the ex-
change

PR-A
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Consoles

ping of traffic meters, the individual exchanges can be equipped with an addi-
tional relay set. The carrying out of a given order is acknowledged by a buzzer
tone.

System Units

The order transmitter and result receiver, PR-A, is placed in the maintenance
centre and the order receiver and result transmitter, PR-B, at each individual
exchange (fig. 2). They are connected to the respective exchanges as ordinary
subscriber lines. The number of PR-A and PR-B required depends on the traffic
load. If more than one PR-B is required for a 10,000-line group, for example,
they are connected as PBX subscribers with common call number.

From a console with keyset (fig. 1) the PR-A is programmed with the sub-
scriber number and the necessary 2-digit control order. The keyed subscriber
number is analysed by PR-A. which determines the service number to PR-B and
sets up the connection to the latter on the normal switching paths. PR-A then
directs the setting-up of the test connection via FIR-P and the B exchange to the
wanted subscriber. Up to five consoles can be connected to one PR-A.

All tvpes of junction circuits can be used between the exchanges. while all
signalling after connection to PR-B is done with voice frequency. Such signalling
is required for setting up of a test connection to a subscriber, for control orders
from PR-A and result transmission from PR-B.

When PR-A is connected to the central exchange in a city exchange system
and PR-B is installed at adjacent city exchanges. it is economically warranted to
equip PR-A with a quick connection relay set SKR. Via this relay set PR-A is
then connected on three wires directly to PR-B. Much time is thereby gained,
since no regular connection need be set up to PR-B.

The PR-B program is determined by the control order received. When this
program has been run through, a new control order can be issued within per-
missible series. which is supervised by PR-A.

EXCHANGE A EXCHANGE B

st GV
(\.-(\___4)_/}__
ILR/BR] '
PR-B

PR-B
EXCHANGE C
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Fig. 3 a—e

Connection of PR-B to different exchange
systems
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Signalling Principles

Subseriber’s number and control order are transmitted from the console o
PR-A in 2/5 code. The B number may contain a maximum of 10 digits, which
may include for example a zone prefix with dial tone between it and subscriber’s
number.

The service number of PR-B is sent to the A-exchange register in the form of
decadic pulses.

When the connection has been set up between PR-A and PR-B. all signalling
between them is effected with voice frequency, different frequencies being used
in the two directions. PR-A sends a control order. and normally also the sub-
scriber’s number in the form of decadic v.1. signals. while it sends order cancella-
tion and forced release m the form of signals of fixed duration. At exchanges
with MFC signalling, however, the subscriber’'s number is sent in MFC. PR-B
acknowledges these signals and the signalling is thus effected in compelled se-
quence.

PR-B sends the result in the form of decadic v.f. signalling, which is acknow-
ledged by PR-A. so that compelled sequence is ensured in this case as well.

Different Types of B Exchanges

PR-A and PR-B are system-independent, with the exception of FIR-P. which
constitutes a test outlet to the B exchange and is adapted to the existing exchange
system.

In order than PR-B may serve several 10,000-line groups in the same building
— including also different exchange systems — it has 10 test outlets. To these
outlets can be connected up to the same number of FIR-P. which can be adapted
to the existing system. Depending on the number series. PR-A will then add a
third digit to the control order, so that PR-B can select the correct test outlet and
thus function as a test group selector with 10 outlets (fig. 3 a).

For adaptation to ARF 50 and ARF 101 there are FIR/GV-P with 10-outlet
group selector function (fig. 3 b) and, for adaptation to AGF, GVR-P has 20
outlets (fig. 3 ¢).

A FIR-P/GV-P for 100 outlets is intended for very small exchanges. It permits
setting-up of a test connection to a desired subscriber line entirely outside the
selector stage of the exchange (fig. 3 d). The same equipment can be used also
for step-by-step exchanges (fig. 3 e).

Mechanical Design

The equipment is made up of conventional relays and electronic components
mounted on ROA printed circuit boards. These relays and boards are placed on
BCH relay sets for mounting on BDH racks.

PR-A is usually placed on a rack together with the PR-B associated with the
same exchange. In other exchanges PR-B is placed on a rack for miscellaneous

relay sets.

The console is desk-mounted and has a flexible cable which plugs into a jack.
The maximum distance between the console and PR-A may be about 200 m.
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Concluding Remarks

Through the introduction of remote measurement of subscriber lines con-
siderable savings in staff can be effected. travel to unattended exchanges is re-
duced to a minimum. and fault repair is facilitated and made more effective,
This has been confirmed by administrations which have acquired experience
of the remote measuring equipment.
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from All Quarters of the World

Seventh International Teletraffic Congress:
shift to SPC, PCM and TDM questions

The Seventh International Teletraffic

Congress, 1TC 7, was held in the new

Riksdag Building in Stockholm, June 13—20, 1973, The hosts for the congress

were the Swedish

Teleconmunications

dddministration and LM Eriesson fo-

gether with Siemens AB, Svenska AB Philips and Standard Radio & Teleton AB.

The teletrattic congresses are under
the supervision of International Ad-
visory Council, the chairman of which
is Professor Arne Jensen, Denmark.
Dr. Christian Jacobzus of L M Erics-
son 18 also a member of the Council
and was chairman of the Organization
Committee for ITC 7.

The congress was attended by 328
delegates from 30 countries, chiefly
telecommunications engineers, statis-
ticians and mathematicians from tele-
communications administrations. in-
dustry and universities.

During the six working days 132
papers were presented and discussed
within the subject-field of the congress
— application of the theory of pro-
bability to traffic theoretical and traf-
fic engineering studies related to tele-
phony. telex and datacommunication.

The papers varied in type from purely
theoretical studies at the basic research
stage to practical investigations re-
lating to current telecommunications
traffic problems. Compared with ear-
lier congresses there has been a shift
in the field of application. with a con-
siderably greater number of papers de-
voted to SPC (stored program control).
PCM (pulse code modulation) and
I'DM (time division multiplex) ques-
tions. Some ten papers were delivered
from the Swedish Telecommunications
Administration and L M Ericsson.

The papers and their discussions will
be published probably at the end of
the year.

At the invitation of the Australian
Post Office the next congress will be
held in Australia in 1976,

One of the few women delegates at the congress was Dr Maria Netto Costa from the

o
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Portuguese Telecommunications Administration.

New generation
of PABX’s

A stored  program
PABX system. ASD 551, i
being developed by ELLEMTEL (a
company jointly owned by L M Erics-
son and the Swedish Telecommunica-
tions Administration lor research and

controlled  elec-

Lronee

development of advanced electronic
telephone systems).

A prototype of ASD 551 is under-
going laboratory tests this autumn. and
next autumn the first exchange will he
placed in operation at ELLEMTEL.

ASD 551 can be built in sizes from
about 100 to 600 extensions. A 60(0)-
line exchange s
racks of
space for the equipment required for
all special services. The racks are in-
terconnected by cabling which plugs
into the preceding rack. This facilitates
new installation as well as extension of
extsting equipment. Both pushbutton
and dial telephones can be connected
to the exchange.

accommodated on

seven new type. including

All components are mounted on
printed circuit boards which plug into
shelves, the shelves being plugged into
the rack. The switches consist of ma-
trices of reed relays. Minirelays are
used in the traffic-carrving devices
Other components are chiefly bipolar
integrated circuts of TTL type. but
thick film circuits and discrete com-
ponents are also used.

On the new operator’s console for
ASD 551 the alpha-
betical signs have been replaced by
symbols which are easier for the oper-
ators to learn and work with.

Other advantages of the new PABX
are that it requires less space than con-

conventional

ventional types and is easier to install
I'he stored program control provides
great  flexibility  as
services, extensions of the exchange
and adaptation to different marketing

and signalling conditions

:"_‘:_r;u'd» special

An operator’s console for the new electronic
exchange ASD 551.




" Human Factors’ a new
feature at this year’s
Maintenance Conference

I'he 1973 Maintenance Congress was
held during the period May 21-—25 at
L. M Ericsson. Stockholm.

There were 58 delegates from Den-
mark. Finland. the Faroe Islands,
Greenland, Iceland, Norway and Swe-
den. Altogether 14 telecommunica-
tions administrations were represented.

This was the first conference since
1971 and it was therefore natural that
new subjects should be on the agenda.
It was particularly “human factors”
within operation and maintenance
which, judging from the lively discus-
sions, appeared to be a matter that is
starting to interest telephone people in
ceneral. Within L M Ericsson it has
carlier been decided that all engaged
on the design of systems and products.
and with their handling and documen-
tation. shall to a greater extent than
hitherto pay attention to the human
factor in the encounter with techno-
logy.

Views concerning the laying of ca-
bles for reduction of operational dis-
turbances and maintenance problems
were dealt with, and in conjunction
therewith the Swedish Telecommunni-
cations  Administration invited the
delegates to a demonstration of the
cable tunnel network in Stockholm.

Experience from SPC telephone ex-
changes was presented from several
quarters — not solely from participa-
ting European administrations but also
from the USA.

The PCM (Pulse Code Modulated)

Maintenance Conference at L M Ericsson, May
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systems were also dealt with in several
addresses. and points of view con-
cerning both installation and mainte-
nance were discussed.

Among the new features from L M
Ericsson in the telephone exchange
field may be mentioned a new genera-
tion of traffic route testers (TRT m
70) for supervision of the reliability of
telephone plant. This will be dealt with
in a future article in Ericsson Review.

L M Ericsson's AGF system (500-
line selector) attained the age of 50
vears this vear, which was noted in a
very interesting paper read at the con-
ference. Anyone who may have be-
lieved that older exchanges are starting
to be scrapped came to realize that this
is by no means the case. The work on
maintenance of the very oldest AGF
exchange of the Swedish Telecommu-
nications Administration. which was
presented in figures, hardly differs in
magnitude from that for more modern
equipment. The concluding remarks of
the lecturer were also a tribute to the
designers of the system.

Antenna equipment from
LM Ericsson for space
satellite

I M Ericsson will be sharing a satellite
contract amounting to 130 MKkr signed
by the European Space Rescarch Or-
ganization with the STAR consortium.
STAR. consisting of 15 companies in
10 European countries, 1s to manufac-
ture Europe’s first geostationary
scientific satellite GEOS. which will
be launched in 1976 for various radia-

1973,

tion investigations. It will have a life
of two years.

L M Ericsson. Swedish member of
the STAR consortium, has been as.
signed the task of furnishing the
GEOS satellite with antenna equip-
ment for telemetering of scientific datg
to the earth. Its share of the contract
amounts to about 3 Mkr.

Selective reconnaissance
radar

A selective reconnaissance radar for
the Swedish Army is at present being
manufactured in prototype form at
L M Ericsson’s MI Division. Malndal.
The new reconnaissance radar, called
PS-70/R. can be mounted on a stand-
ard military truck and permits detec-
tion of approaching enemy aircraft
even at a very low height. The man-
ufacture of prototypes is expected to
be completed next year.

As the radar station works with
pulse doppler technique, it can dis-
tinguish between indications from mo-
bile and fixed objects. The freedom as
regards siting obtained with this tech-
nique has been further increased
through the mast arrangement for the
antenna,

The pulse doppler technique has ear-
lier been used within the Swedish Air
Force for the fighter version of the
Viggen aircraft.

The new reconnaissance radar was
exhibited this spring at the Interna-
tional Aviation Exhibition in Paris,
where it aroused a certain interest.

Mobile reconnaissance radar for Swedish
Army. In operation the radar aerial is a bit
above the ground and can therefore detect
enemy aireraft even at a very low height.

1
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Push-button telephone
data terminal at Danish
hospital

A PABX supplemented by a mino-
computer has been placed in service in
the X-ray department of the municipal
hospital at Aarhus in Denmark. The
telephones are of push-button instead
of dial type, which permits their use as
data terminal. By combination of the
telephone system with a computer the
collection and filing of patient data is
facilitated.

Patients referred to the hospital X-
ray department carry with them a re-
ference card to the examination room.
The card shows from which depart-
ment they have been referred, what
examinations are to be made. and per-
sonal data such as personal number
and the like. These data are keyed into
the computer by a nurse from a push-
button telephone. The nurse then re-
ceives spoken instructions from the
computer concerning the additional in-
formation desired. This is done via a
Vocoder speaking machine.

The doctor who thereafter carries
out the examinations notes on the re-
ference card his diagnosis in code
form, possibly with a written diagnosis
as well. When all examinations have
been made, the note 1s delivered to a
nurse who possesses a visual display
terminal. By means of the personal
number the data earlier keyed from
the push-button telephone are now
shown on the visual display and
checked. Diagnoses are added to the
patient data. which are sent on to
magnetic tape for filing.

This is an example of how an auto-
matic telephone system can be com-
bined with a computer. Merely through
the fact that push-button telephones
can be used also as simple data termi-
nals they will, when more generally in-
troduced in telephone networks, permit
a wider access to computers for a num-
ber of new services.

This Danish system was developed,
manufactured and installed by L M
Ericsson in cooperation with the Jut-
land Telephone Company.

Intercom system for 1800
extensions at Kockums

Kockums in Malmd, one of the largest
shipyards in the world. has ordered a
very extensive intercom system from
L M Ericsson Telemateriel AB. It is
an exchange of type AKD 491 which,
when installed to full capacity. will
have 1800 extensions with 58 connec-
ting circuits.

In the first stage 1150 intercom sta-
tions of the new type, ERICOM 30001.
which has both loudspeaking and non-
loudspeaking function. are to be in-
stalled. The ERICOM stations are in-
tended primarily for offices and work-
shops. Three hundred exclusively non-
loudspeaking stations are also to be in-
stalled for use on board ships under
construction.

The Kockums order includes equip-
ment also for a considerable extension
of the internal cable network. The total
value of the order is about 1.8 Mkr.
The equipment is to be completed for
putting into service after the 1974 va-
cation.

An X-ray nurse at Aarhus hospital in Denmark feeds in patient data to a minicomputer with
pushbutton telephone. While doing so she receives spoken instructions from a Vocoder
announcing machine.
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Longest CTC railway in
the world

What is said to be the longest CTC-
section of railroad line in the world
was commissioned this summer by the
Swedish State Railways. It was then
that the last stage of the more than
1700 km line between Narvik and
Norrkoping was linked into the CTC
system.

CTC (Centralized Traffic Control)
means that the traffic is directed from
a central office from which train
movements can be followed on a track
diagram. From the CTC office orders
can also be issued to the remote con-
trolled stations concerning operations
which were earlier performed by the
local dispatcher. The introduction of
CTC brings a great saving of staff, as
no dispatchers are required at the sta-
tions.

CTC has now been introduced over
a considerable portion (2964 km) of
the commercial railway network of the
Swedish State Railways. From ten
CTC offices throughout the country
nearly 300 railway stations are under
remote control and the system is being
extended still further.

At the CTC Office in Stockholm.
from which a very high density of train
traffic is directed. the routine issuing
of orders is automated through the use
of computers. An electronic train des-
cription system provides information
concerning the descriptions of train
running in the area. Stored-program-
controlled train dispatching 1s also em-
ployed. This implies that the time-
table and data of track usage are stored
in the computer memory. The compu-
ter then selects the most appropriate
routes and automatically transmits
controls for their establishment.

The CTC systems have been deve-
loped by L M Ericsson in close con-
sultation with the Swedish State Rail-
ways.

Sweden has been a pioneering coun-
try in the use of CTC. It is therefore
natural that railway administrations
which ntend to introduce CTC wvisit
Sweden to study the results attained.

For this purpose, some time ago a
delegation from the Italian FS Rail-
way. headed by Sr. Antonio Liverani
thead of the Signal Division)., visited
L M Ericsson and the Swedish State
Railways. They were shown over the
CTC installations at Stockholm Cen-
tral Station and in Gothenburg, and in
Denmark the installations at Roskilde
and on the Copenhagen suburban
lines.

01



Carl Jensen
In memoriam

Curl Jensen, founder of Dansk Signal
Industri A/S and its former president,
died on April 3, 1973, ar the age of
69 vears.

Carl fensen was a graduate marine
engineer and for some vears imme-
diarely afrer graduation he sailed on
the Danish America Line boats.

With his fertite brain, enterprise and
imechanical bent he felr an urge for
more creative work,

On Ocroher 1, 1930, theretore, Carl
Jensen founded his own firm, Dansk
Sienal Industri, which he led until in
1935 he came into contact with L. M
Ericssons Signalaktiebolag, which ar
that time was looking for a Danish
sithcontractor for supply of equipment
toan electro-mechanical interlocking
plant ar Fredericia.

As a result of this cooperation DSI
was reformed into a joint stock cor-
poration with Carl Jensen as president.

During Carl Jensen's 1ime DSI ex-
panded verv considerably, and many
new tvpes of equipment saw rhe light
of day.

During the last two vears before his
retivement Carl Jensen acted as con-
siltant to the Board for the planning
of the company's pew administrative
and manufacturing premises ar Ave-
dore h’llhh‘i’.

During his retirement, despite seve-
ral vears of severe ilfness, Carl Jensen
followed with interest the development
of DSI, and we, his r'H”:'H{-"H('\, will
alwavs remember him as o just and
good emplover,

F. {_ru'”
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Major Orders

Oman

In the face of suff iternational com-
petition L. M Ericson have received an
order for the delivery and installation
of a new nationwide telephone system,
valued at about S16m. Among other
items the contract includes telephone
exchange equipment. telephone sets,
trunk cables, carrier equip-
ment and radio hinks, This 1s the first
order received by L M Ericsson from
Oman.

local and

Algeria

L. M Fricsson have received an order
worth about $5.7 m. for the delivery
and installation of telephone switching
equipment for five cities in western
Algeria, including Oran. This i1s L M
Ericsson’s first substantial order from
the Algerian PTT.

India

I M Ericsson have received an order
from India for crosshar exchange
equipment for use in New Delhi. The
value of the order is about $3 m. and
is significant in being the company’s
first for telephone switching equipment
from that country. Financing of the
order has been arranged through the
World Bank.

Iraq

The Iraq PTT has signed with L M
Ericsson a contract for cable and line
equipment tfor about $6.5 m. The
equipment ordered will he used for
expansion of the local line networks
in the country. primarily in the cities
of Baghdad and Basra. This is the big-
gest order from lIraq received by the
company for this Kind of equipment.

Panama

L M Ericsson have received an order
for exchange equipment for 69.500
lines from the Panama State Tele-
phone Operating Company IRHE. The
delivery of this equipment is to be
completed by 1977.

Atomic time and solar
time to a thousandth
of a second

The Swedish Telecommunications Ad-
ministration at Farsta has designed 3
new time signal which was brought
into use on August 1. The new time
signal. which is electronic, indicates
the time within an accuracy of a thou-
sandth of a second. The previous time
signal has an accuracy of a tenth of 4
second.

Another essential difference is that
the new time signal, during the first
I5 seconds after the minute signal,
delivers coded information indicating
the difference between solar time and
atomic time. The relation between so-
lar tme and atomic time was earlier
notified by a verbal message in con-
junction with the transmission of the
time signal,

New publication on tele-
communications

“Trends of Development in Telecom-
munications™ is the title of the address
delivered by Dr Christian Jacobaus,
Technical Director of the Ericsson
Group, at Sio Paulo during the Brazil-
Sweden Technical Development Week,
May 21—25.

The address has been reproduced
in its entirety in an English language
edition which can be obtained from the
Group’s Information Division under
address:

Telefonaktiebolaget L M Eicsson
Informationsavdelningen
126 25 STOCKHOLM
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The Seventh International Teletraftic Congress (ITC 7) was held in Stockhohn
i June 1973, Ir was 18 vears since the first of these congresses way organized
in Copenhagen. They have now become an established institution within the
world of telephony and are considered important and of significance both for
adninistrations and indusery,

This paper describes the origin of the congresses and their developmen
fiitherio.

The main aim of teletraffic research is to establish rules and methods for the
dimensioning of telecommunication systems. During the manual period and the
first decades of the automatic era it sufficed to use fairly simple rules of thumb.
The nature of telephone traffic was then not sufficiently known and in many
cases the mathematical tools which were later to prove necessary were also
lacking.

The first two decades of the century saw the hirth of traffic research as a
science through the work of the Dane 4. K. Erlang. He introduced the classical
concept of sratistical equilibrivm as a mathematical description of telephone
traffic. Erlang’s formulae laid the foundations for the future work within this
science. Traffic research has attracted the interest both of engineers and mathe-
maticians. It soon proved also that administrations and industry had a growing
need for and interest in correct dimensioning methods. 1t was found that large
sums could often be saved by this means. while at the same time a certainty was
achieved that the traffic could be handled without troublesome bottlenecks.

The origin of the teletraffic congresses

In the late forties and early fifties it became clear to many of those working
on traffic theory questions that closer contact hetween researchers in the field
would be of great value. A meeting at which people could present their work.
where ideas and experience could be exchanged. and. not least. where personal
contacts could be made. was considered to be greatly desirable.

In the autumn of 1953 an organizational committee was formed consisting of

. Brockmever, Denmark
C. Jacohwus, Sweden

A Jensen, Denmark

L. Kosten, Holland

N. Rodenbureg, Holland
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Table 1

Data of delegates and papers at the Interna-
tional Teletraffic Congresses

The committee considered that Denmark should be host nation for the first
congress in view of the decisive contribution made within telephone traffic
research by A. K. Erlang. Denmark also undertook with enthusiasm to organize
the first teletraffic congress. 1t was held in Copenhagen on June 20—23, 1955,
and was attended by 69 delegates from 13 countries. Twenty-six papers were
presented and discussed.

A report entitled The First International Congress on the Application of the
Theory of Probability in Telephone Engineering and Administration was pub-
lished in the Danish telecommunications journal TELETEKNIK, English edi-
tion, Vol. 1. No. 1, 1957, The report contains certain papers in their entirety and
summaries of the contributions which had already been published in various
journals.

The delegates considered generally that the congress had been very successful

ranged. Teletraffic congresses have since been held every third year. The attend-
ance at and contributions to various congresses are shown in table 1.

At the first congress a council entitled the fnrernational Advisory Council
(1AC) was set up. From the start IAC has been composed of researchers from
the leading countries within the field. The chairman has throughout been Pro-
fessor Dr Arne Jensen, who has also played the greatest part in drawing up the
lines for the congresses; more than any other he has set his mark upon them.

The responsibility for the organization and arrangement of the various con-
aresses has rested with the host countries. Through great generosity on the part
of administrations and industry in the various host countries the congresses have
always been very well organized. Highly appreciated programmes for the wives
of delegates have been a common feature. All events. as also the congresses
themselves, have been free of charge to the delegates.

Programmes of the congresses

The programme of the first congress was defined in the very title: Application
of the Theory of Probability in Telephone Engineering and Administration.
In the papers presented at it there was a strong emphasis on different sections
of traffic research such as gradings, link systems. queueing theory and traffic
measurements. These fields have, of course. been the main subject of discussion
at all congresses, but new types of problems created by the accelerating develop-

The reference numbers refer to the list of publi-
cations contained in the bibliography

Reference

ment within telecommunications and different questions solved chiefly by opera-
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‘ Place Time Delegates Papers
— | No.
Number of  Number of | Number of l Number of
II | delegates | countries | papers | countries
| ' | represented |  represented |
ITC 1 ‘ Copenhagen ‘ June 20—23, 1955 ‘ 69 ‘ 13 ‘ 26 8 ‘ 1
ITC 2 ‘ The Hague || July 7—11, 1958 ‘ 93 ‘ 15 = 11 ‘ 2
ITC 3 ‘ Paris |; September 11—16, 1961 | 134 | 20 | 48 12 ‘ 3 .
b N i ]
ITC 4 ‘ London ‘ July 15—21, 1964 ‘ 179 ‘ 22 ‘ 60 ! 11 4
ITC 5 | New York \ June 14—20, 1967 \ 159 \ 20 | g0 | 47 | 8
ITC 6 | Munich | September 9—15, 1970 | 310 | 30 108 19 6
— T J - = —— - — — L
ITC 7 ‘ Stockholm | June 13—20, 1973 ‘ 328 30 ‘ 130 ‘ 20 7.8 9
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tions research methods have acquired an ever greater scope. Itis also natural that
there has been some shift away from the original problem fields, since many of
the fundamental problems within traffic research have now found acceptable
solutions.

The change of emphasis is illustrated by the fact that the Stockholm congress
was greatly concerned with such fields as network optimization. satellite systems,
network management. traffic-reliability problems, simulation methods. forecasts
and planning. questions of norms. data communication and data networks.

Congress procedure

At the first congresses, when the number of papers was still limited. it was
possible within the time available for the congress to let each author read his
paper (or, if very long. a summary of it). Thereafter followed discussions, From
the New York congress onward. however. the papers became so numerous that
a partially different procedure had to be adopted. Separate sessions were ar-
ranged for cach particular field. The contributions were divided into two groups,
“read”™ and “non-read”. The former were presented during about 10 minutes
in concentrated form by their authors, while the latter were presented hy a
speaker. The speaker. who was usually a specialist within the field, also led
the discussion. Speakers have often played a great role through the emphasis on
essentials that they could give to the discussions.

At the New York congress a new order was introduced as regards the produc-
tion and distribution of papers. Until then each author had usually produced
copies of his paper in advance and sent them to the delegates direct or via the
organizers of the congress. As from the New York congress the authors have
written their papers in the form of an original submitted to the congress organ-
izers, who thereafter undertake their duplication and distribution.

At the New York congress and, more systematically, at the Munich congress
so-called “invited papers”™ were also introduced. Reviews within different subject
fields were presented by specialists. These papers have often constituted valuahble
sources of knowledge concerning the main features of the development within
the respective spheres.

The role of the teletraffic congresses in the development
of telecommunications

Telecommunications have developed very rapidly during the period since the
second world war. A greatly increased demand for telecommunication services
within public administration. industry and homes has necessitated systems with
better properties and greater capacity. At the same time the advent of the semi-
conductors in particular has provided us with new opportunities to meet these
requirements. It is perhaps too much to say that traffic research and operations
research have played a decisive role in this development. But the economic
considerations have in most cases been based on work done within these sciences.
This has. of course, been especially important in a period of rapid expansion.
The traffic congresses have been a very substantial means for stimulation of
activity within these fields. At the congresses the researchers have been ahle to
present their work and have them expertly criticized by interested colleagues
Ideas for new research tasks have appeared. Not least. the congresses have often
stimulated researchers to present their contributions earlier than they would
otherwise have done. The congresses as assembly point for all traffic researchers
of the world have become important for the estahlishment of personal contacts.
These were hopes held by the original organization committee and which. on¢
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must say. have been fulfilled to a high degree. The generous support given by
administrations and industry to the congresses is also a sign of the realization
of their great significance.
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The Seventh International Teletraffic Congress, ITC 7, was held in Stockholm
in the new parliament building on June 13—20, 1973, ar the invitation of the
Swedish Telecommunications Administration, Telefonaktiebolager L M Erics-
son, Standard Radio & Telefon AB, Svenska AB Philips and Siemens AB. The
first congress of this kind was held in Copenhagen in 1955 and they have there-
after been held every third vear.

ITC 7 gathered 328 delegaites representing 30 countries. Altogether 130 papers
were presented. This congress was thus the largest of its kind hitherto, both in

number of delegates and in nunmber of papers.

The subject-field for ITC is the Application of the Theory of Probability 1o
Telecommunication Research, Engineering and Administration.

The first international teletraffic congress was held in Copenhagen in 1955

at the initiative of Professor Arne Jensen, and to a large extent under his leader-
ship. The choice of Denmark as the place for the first congress was natural, as
modern teletraffic theory had been founded by A. K. Erlang.

Fig. 1
The opening session of ITC 7 in the new
parliament building in Stockholm
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Table 1

Number of delegates and contributions from
each country
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Al the first congress an International Advisory Council (14C) was tormed in
order to advise and give guidance concerning the organization of the interna-
tional teletraffic congresses. IAC has included representatives of the leading
countries within the field. 1ts chairman is Professor Arne Jensen.

Since the Copenhagen congress new congresses have been held at three-year
intervals at The Hague, Paris, London. New York, Munich. and now in Stock-
holm. The next congress is to be held in Australia in 1976

The organization of the congresses has been undertaken by a committee from
the host-country for each congress.

The inivation and development of the congresses are dealt with in a separate
article in this issue of Ericsson Review!.

ITC 7— General Arrangements

An Organizing Committee, with Dr Christian Jacobeus as chairman. was
established for ITC 7 in the autumn of 1970, This committee had the main
responsibility for the organization of the congress. A Technical Committee was
appointed to draw up the programme of sessions and for grouping of the contri-
butions. The technical committee consisted of Swedish members and of a re-
ference group of foreign researchers who could be consulted on doubtful ques-
lions.

The congress was held in the plenary hall of the Swedish Parliament. which
was kindly placed at the disposal of the congress. These premises proved ad-
mirable for the needs of the congress.

| Contributions

‘ Country Delegates
‘ Australia 5} 2.5*
| Belgium ' 5 1
Brazil | 4 = |
Bulgaria 1 1
| Canada | 9 3 ‘
Denmark | 14 4
Finland 5 4
France 10 4
F.R. of Germany 37 19
Greece 2] 1
Hungary 5 3
Indonesia 1 —-
Ireland 2 —
Israel ‘ 1 —
Italy ‘ 31 6
Japan 7 7
Mexico 1 —
| MNetherlands | 11 4
l Narway | 25 14
Poland 1 —
r Portugal 1 —
South Africa | 1 =
[ Spain | i | 7
Sweden | 48 T.5°
| Switzerland | 10 1
Thailand 2 —
Tunisia 1 —
United Kingdom ' 31 9
‘ USA 36 20
USSR | — | 12
Yugoslavia | 4 - :
Total i 328 !i 130
* (.5 owing to a joint paper from Australia and Sweden.
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At the opening session addresses were presented by Dr Christian Tacobauy,
L M Eriesson, Bengt Furbick, Assistant Undersecretary to the Minister of Cop.-
munication in the Swedish Government. Bertil Bjurel. Director General of the
Telecommunications Administration, and Professor Garan Borg, Roval Institute
of Technology. Stockhalm. -

A consistent theme in the addresses was the importance attached (o the con-
gress for promotion of an exchange of research results. methods and ideas he-
tween representatives from administrations, universities and industry. Both the
formal exchange during the sessions and the informal exchange outside them
have a great value for those responsible for these questions in their respective
arganizations,

The speakers welcomed the fact that so many delegates had accepted the in-
vitation to Sweden and hoped that the congress would come up to their expecta-
tions.

Review of Contributions to [TC 7

A brief account is given below of the main subjects dealt with by the congress,
which were as follows,

Special sessions

Subscriber behaviour and traffic measurements
Switching networks and gradings

Network questions

Data communication, SPC and TDM systems
Traffic theory and statistical problems
Queueing theory with applications

Simulation

For those interested in a more detailed account reference is made to Report
on the Seventh International Teletraffic Congress in Stockholm, June 13—20,
1973, Ericsson Technics No. 3, 1973,

Special Sessions

There were altogether 24 sessions, four of which may be denoted as special.
The first of these comprised a single paper entitled Conny Palm and Teletraffic
Theory presented by Professor Arne Jensen and dealing both with Palm’s fife
and with his work. As is known to the majority of readers, Conny Palm was a
Swedish researcher who during the thirties and forties published a number of
highly qualified papers. particularly within the field of teletraffic. A review was
presented of Palm’s doctoral thesis from 1943, which not only contained results
of great significance for teletraffic theory but was also of great importance for
the general theory of stochastic processes. The paper also contained a summary
of Palm's many publications within the field of accuracy of measurements. As
an example of Palm’s contributions outside the field of teletraffic. finally.
report was given of what is today known as Palm’s model of the machine inter-
ference problem.

One session was devoted to reports from two committees appointed at the
previous congress. One of these is working on documentation of the contribu-
tions to the earliest congresses. For it is only since the fifth congress that the
complete contributions have been collected in the form of »Proceedings».
whereas from the first four congresses there are only more or less detailed
summaries available. The second committee, which is working on educationa!
questions within the particular subject-field, presented an account of a world-
wide questionnaire organized with the aid of CCITT.

A special session was devoted to the cooperation between ITC and CC[ITT-
particularly the work done within Working Party XIIT'2 (Traffic Engineering)
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Table 2

Sessions at ITC 7.
C = Chairman

The task is to find the best forms for stimulating I'TC people to study questions
of interest to this Working Party. and for the Working Party to make use of
solutions derived within ITC.

The fourth special session. Final panel discussion, is dealt with below.

Subscriber Behaviour and Traffic Measurements

The papers in the Subscriber Behaviour session were divided into two main
fields, presentation of measurements of real traffic and presentation of analyt-
ical models for subscriber behaviour. Within the latter field the question of
repeated call attempts, of very great importance for telephone systems, was
dealt with.

Several papers dealt particularly with the question of call processes and their
effect on the systems. One paper presented points of view concerning new norms
both for call-carrying devices and for slow and fast common control devices.

A number of papers reported results from measurements of real traffic in
networks with high load, others from measurements of international telex traffic.
In the latter case the effect of the time differences on the traffic distributions
was dealt with. Systems for data collection, fundamental analysis and forecasting
were also presented.

Switching Networks and Gradings

A number of contributions were devoted to the calculation of congestion in
link systems. Among the methods used are combinatorial analysis. iterative
methods. simulations. exact and approximate calculations making use of equa-

S = Speaker
1973-06-13 : 1973-06-14 | 1973-06-15 | 1973-06-18 1973-06-19 | 1973-06-20
S e _,I_ ———— L l e
11. Opening 21. Simulations ‘ 31, Switching | 41. Overflow and 51. Forecasting 61. CCITT
session C: B. Wallstrém networks [/ smooth traffic and economic | C: E.P.G. Wright
C: C. Jacobaus S: J. A Povey C: K. Rodhe C: R. Wilkinson considerations| S: R.Chapuis
S: B. Canceill S: G. Lind C: E. Bohm
| | S: K. Rahko
e i  ——— =1 2 e
| 12. Conny Palm's | 22. Traffic | 32. Queueing 42. Network 52. Network 62. Network
work | theory systems | planning engineering management
| G: L. Kosten C: B. Wallstrom C: K. Rodhe . C: R. Wilkinson C.. E.Bohm C: E.P.G.Wright
| S: A.Descloux | S: Ch.Grandjean S: A. Lotze S: M. Anderberg  S: D.Haenschke
fe— . S ) T Sl A gt T
| 13. Subscriber | 23. Switching | 33. Common con-  43. Computers 53. Special 63. TDM-switch-
| behaviour networks | trol systems and SPC problems ing systems
C: H. Beastall | C: R. V. Relsted C: A.Jensen systems C: R. Syski C: 8. Kuhn
S: G. Wikell S: J. E. Villar S: A. Elldin C: W.S Hayward S: D.Bazlen S: A Myskja
de Villacian S: W.T.Duerdoth |
| 14. Statistical 24. Gradings 34. Queueing 44. Data traftic 54. Traffic meas- 64. Final panel
problems C: R. V. Relsted systems Il C: W. S. Hayward urements discussion
C: H. Beastall S: E. Behlendorff | C: A. Jensen 5: H.lInose C: R. Syski C: 1. Tange
S: L. Lee S: C. W. Pratt

| S: V. Benes
|
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tions of state, and equivalence methods. The effect of the hunting methad op
the traffic-handling capacity and the processor load. as also the significance of
different link arrangements for the sensitivity of the systems to skew loading
and overloading, had been thoroughly studied.

Modern advanced mathematics. such as graph theory and abstract alzehra, had
come into use for the study of non-blocking systems and of rearrangeable net-
works. Studies had been made of switching networks which are less common
from the topological aspect. among which binary and nodal networks, and of
systems for batch switching. Using a mathematical technigue analogous to that
employed within information theory. one author presented a method for
calculating upper limits for the required number of cross-points in a svstem.

Within the field of gradings presentations were given of weighting methods and
of exact and approximative calculation methods making use of equations of
state. Both loss systems and delay systems had been studied.

Network Questions

The first problem in the dimensioning of telecommunication networks, the
input data. was dealt with in a number of papers. Various possibilities of ob-
taining the necessary traffic matrices from measurements were discussed. Meth-
ods were also presented for making forecasts of the traffic distributions in a
network.

Common dimensioning methods for telecommunication networks were pre-
sented in a number of papers. These methods relate chiefly to parts of telecom-
munication networks in which optimization is not required. Special simplifica-
tions of the traffic theory were made in some papers in order to simplify manual
treatment.

Optimization of telecommunication networks was dealt with in several papers.
Cne of them presented the optimization procedure for determining the number
and locations of exchanges and boundaries for exchange arcas in arbitrary net-
works. The primary intention of this paper was to treat the problems existing in
metropolitan networks. Another paper dealt with the analogies between tele-
traffic and road networks.

The very important question of non-coincident busy hours in large interna-
tional telecommunication networks was dealt with in some papers. Of special
interest are the problems arising on the introduction of telecommunication
satellites in the network.

Another very important field is Network Management, i.e. methods for con-
tinuous supervision and control of an alternative routing network. Comprehen-
sive results of the effects of Network Management on traffic handling in the long
distance network in the USA were presented. Some other papers dealt with
different methods of introducing Network Management.

The overload capacity of telephone exchanges and networks was dealt with
in some papers. Different types of overload were discussed, and a presentation
was given of how. for instance, subscriber behaviour and time releases affect the
overload capacity.

Data Communication, SPC and TDM Systems

The Data traffic session opened with a paper dealing with the impact of the
growing need for data communication on the planning of the British telecom-
munication network. Analyses were presented also of a military digital integrated
network with saturation routing and priority for certain calls, and of queueing
problems relating to concentrators in data communication systems.

The Computers and SPS systems session opened with a paper analysing Ih"
response times for jobs handled in a computer making use of time-sharing. Dif-
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ferent methods of queucing disciplines were generalized. Another paper pre-
sented a penetrating analysis of problems relating to storage hierarchies in com-
puters.

Other papers at this session dealt with problems relating to telephone and
data communication systems controlled by a central processor. Different strate-
gies were considered for scanning of the peripheral units of such systems. In a
SPC system working with different priority levels it 1s ol interest to introduce
a control system which guarantees correct processing ol already accepted calls
by limiting (o some extent the acceptance of new calls. One paper presented a
control system of this kind with satisfactory characteristics.

A number of papers at other sessions dealt also with data communication
systems. A study was made. for instance, of systems with alternative routing and
star-shaped switching networks with queucing systems at the sources and at the
common central unit.

One session was entitled TDM-switching systems. In a paper at this session
digital switching networks with partial access pulse shifters were optimized for
different types of switching. being thereafter compared in respect of the cost for
gates and memories. In another paper the cost of the switching network was
minimized in respect of availability. A digital switching network with the time-
space-time configuration and a queuecing problem in TDMA networks were also
dealt with.

A digital switching network without internal congestion. in which there is
both wide-band and narrow-band traffic. was analysed in one paper. A special
interest exists for the case with limited availability to outgoing routes.

Traffic Theory and Statistical Problems

The Traffic theory session opened with a review of the application of the
theory of stochastic processes to problems of traffic theory and traffic engi-
neering. In one paper an analysis was presented of traffic processes based on
data obtained through the scanning method.

Three contributions dealt with an interesting expansion of the traffic theory
in which attempts are made to construct models describing how the occurrence
of faults affects the traffic in telecommunication systems. Among other things
new quality criteria of significance for the assessment of different systems were
discussed. attention being paid at the same time to traffic and reliability aspects.

A number of papers dealt with problems relating to superposition of different
kinds of traffic. Such problems exist. for example. in alternative routing net-
works. One author presented the solution to the problem of determining the call
congestion for the different categories of traffic on superposition of fresh traffic
onto another type of traffic (e.g. smoothed or degenerated).

One session devoted to statistical problems opened with a broad survey of the
statistical problems which arise in measurements both of real and simulated
traffic. The important problem of the accuracy of measurement of the traffic
intensity on an overflow route was also dealt with.

A method was presented for continuous supervision, by measurement of
traffic intensity, that the number of subscribers connected to a line concentrator
will not exceed the optimum number from the load aspect.

Finally one author made a critical examination of the common method of

estimating by means of test calls the congestion to which subscribers are sub-
jected.
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Queueing Theory with Applications

One of the sessions on queueing systems opened with a survey of the develop-
ment of the queueing theory from its start in Erlang’s investigations at the be-
ginning of the century. One paper presented a study of a system of queues in
series, The distribution of the total delay in the system for a given customer (or g
given call) was specially considered. A new method was presented also for
dealing with certain queueing problems which was applied to a svstem with
priority.

The second session on queueing systems included a paper on problems arising
at enquiry and fault clearing centres. Another question dealt with was dimen-
sioning problems relating to the number of manually served positions in PABX's
and the drawing up of optimal duty lists in manually served departments.

In the Common control systems session some papers also referred to queueing
problems. An analysis was presented of the problem of determining intervals for
time releases, and also methods for comparing marker systems by considering
intensities and frequencies of traffic peaks which cause overloading of the
system.

Simulation

Owing to the increasing complexity which characterizes new equipment within
the telecommunication field today, simulation has become an increasingly im-
portant aid in assessing the traffic carrying capacity of telecommunication plant.
This was clearly apparent from the large number of papers in which the problems
dealt with were solved by means of simulation. To save computer time it is
desirable to find effective simulation methods: and. to facilitate programming
work. simulation languages especially constructed for teletraffic problems can
be of great assistance.

One session was devoted to these questions. A new method was presented for
use in simulation of the statistical technique known as sequential analysis. which
implies that the program itself, in successive simulation steps, finds the traffic
flow which in the simulated system leads to a given congestion. As regards
simulation languages, the TETRASIM language devised at Norsk Regnesentral
expressly for simulation of telephone systems was presented.

Final Panel Discussion

The last session had the form of a final panel discussion. One representative
each from industry, administrations and universities had been invited to open the
discussion by presenting their views on the work of the congress and their desires
for the future. The meeting was then declared open for contributions by other
delegates.

It was pointed out that during the 18 years of ITC's existence there had heen
both a revolutionary technological development as well as an enormous quanti-
tative development within the field of telecommunications. The telephone net-
work now covers practically every part of the world, a circumstance which s
more and more increasing the significance of the work of CCITT. Such impor-
tant fields as data and video transmission have also come into being during this
period.

In order to cope with the development which is accelerating in extent and
complexity, and to ensure the maximum possible usage and reliability. and the
optimum economy and adaptation to the environment. increasing attention héi
been directed to traffic theory as being the most important tool for the analysis

1
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Fig. 2

Dr Christian Jacobwus, L. M Ericsson, Chair-
man of the Organizing Committee for ITC 7,
and Dr Clem Pratt, Australian Post Office,
spoke at the farewell dinner. Dr Pratt is
representative of the organisers of ITC 8
to be held in Australia in 1976
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of communication systems. The present congress has shown that I'TC can suc-
cessfully deal with all these different problems.

The extensive studies that have been made of dimensioning, planning. fore-
casting and supervision of large hierarchical networks were considered to be of
great value. In this context. and also as regards traffic measurement and pro-
cessing of traffic data, economic aspects of the traffic work have also been put
forward. Here one notices that competition exists between simplified methods
and more advanced methods for the use of which computers are necessary. One
of the speakers thought that the trend would be in the direction of interactive
terminals which permit the traffic engineer to use advanced methods. Simplified
methods and tables will then be used only when the quality of available data does
not justify other methods.

The use of computers in telecommunication plants and the introduction of
data communication networks have been important new fields for the traffic
engineers. Several papers have dealt with problems in conjunction with on-line
processing and with algorithms for time-sharing systems. Queueing problems in
computer memories and at the interface between low-speed terminals and high-
speed connections have also been presented. Questions arising in conjunction
with transmission at different speeds have also been brought up, All of this in-
dicates that the traffic engineers are now prepared to deal with the problems
which will be encountered in the organization of an integrated communication
system.

For the development of different types of terminal equipments further studies
within the field of subscriber behaviour may bring great improvements both in
system configurations and in the man-machine interface.

Accounts were given of several new. usually approximative methods for cal-
culation of the congestion in gradings. The same applies to link systems, within
which field a number of mathematically advanced papers dealing with the
topology of the switching networks were presented. In conjunction with the
non-blocking systems both in the strict and in the wide sense the ahsence of
Russian delegates was regretted. as much work has been done within this field
in the Soviet Union.

The large number of contributions in which the problems dealt with were
solved by means of simulation shows that this technique 1s now indispensable.
The importance of effective simulation methods and of simulation languages

specially adapted to telecommunication system was emphasized.




Naturally some critical comments were also made. which was a matter tha
the arrangers had expressly desired. Someone considered that, even if an in-
creasing interest has been devoted to SPC and data traffic questions than at
earlier congresses. it would have been desirable to have still more contributions
within these fields. There was considered to be an unbalance between these
contributions and those dealing with the soon classical question of the desion
of and calculation of congestion in gradings. h

At the same time as appreciation was expressed for the work done on the
planning of junction networks. the great importance of network and exchange
planning within metropolitan regions was pointed out. Within several of the
largest cities of the world the service is becoming greatly impaired. Even if 4
few contributions within this field had been presented at the congress, the
question is so important that great attention should be directed to it

The mathematically advanced queueing theory was considered to be nec-
essary for the fundamental advances within the teletraffic field. but desires
were expressed for less sphitting-up into a number of detailed cases and a more
general approach to these problems.

The special problems of the developing countries were also touched upon,
Most of the contributions to the congress, perhaps all, take as their starting point
the conditions which normally exist within the industrial countries, How much
of this is applicable to countries with often extremely overloaded networks, long
waiting lists. sertous economic problems and a lack of traffic data? I'TU sends
out its experts to assist many such administrations. and we should also take upon
ourselves the responsibility for these questions concurrently with those relating
to the tidily dimensioned world we have seen in most of the contributions to this
congress.

It was stated that, among the fields to which attention should be paid at coming
congresses, apart those mentioned above. there should be in the first place
network management and mobile communications. As regards data transmission
networks. important problems of switching technique remain, as well as such
questions as separate data transmission networks versus networks integrated
with the speech transmission network, hierarchical versus non-hierarchical net-
works etc.

The panel as a whole expressed satisfaction with the organization of the con-
gress and emphasized the value of this opportunity for traffic engineers from
the whole world to meet and exchange experience and o discuss common
prohlems both during and outside the sessions.
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To meet the requirements which will be placed on auwtomatic telephone ex-
changes within the foreseeable future a stored-program-controlled register svs-
tem ANA 30 has been developed for control of crosshar exchanges. With this
svstem the SPC, stored program control technique, can he flexibly introduced
hoth in existing and in new crosshar exchanges.

The first public local exchange of crossbar type ARF was placed in service
in 1950 and ARF exchanges are today serving subscribers in 50 countries. The
ARF system has throughout held a leading position among the public local
exchange systems in the world, not least owing to the continuous improvement
both in its operation and maintenance.’ *

The constantly increasing size and complexity of telephone networks create
a need for continued improvements in order. among other things. further to
centralize and refine the operational and maintenance functions. using remote
control from a central point in the local network. An increased capacity for digit
analysis for advanced traffic routing, more flexible charging and the possibility

T
i
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Fig. 1

ANA 30 equipment in Mundelstrup telephone
exchange, Denmark
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ot introducing new classes of subscriber services such as abbreviated dialling etc.
are some other desires of today and tomorrow.

In order to be able to meel these and other needs flexibly in existing and new
crossbar exchanges. a stored-program-controlled register system ANA 30 has
been developed. made up of the most modern semiconductor components of
integrated type. The system is designed to take over and to greatly extend the
functions of the earlier register organization. ANA 30 can both be used 1o
increase the level of facilities for existing ARF exchanges up to that for the
stored-program-controlled exchanges by replacement of the existing register
organization and can be incorporated as an integrated part in new crosshar
exchanges. When ANA 30 has been introduced in a crossbar exchange for local
traffic, the type designation of the exchange is changed to ARE.

Basic Principles

Register system ANA 30 is based on SPC technique. In the other parts of ARE
the well tested relay and selector technique of the ARF system are retained.

In system ARE the advantages of the SPC technique are fully utilized since
ANA 30, apart from the register functions, also carries out marker functions
which are subject to frequent change. t.e. route analysis. route selection, deter-
mination and analysis of A and B subscriber categories, and line selection within
PBX groups. ANA 30 thus controls all exsential parts of the connection.

In the relay and selector equipment of ARE the functions are retained which
have a minimum need of alteration and the transfer of which to ANA 30, there-
fore. would involve no gain. Such functions are call identification. selection of
circuit within a given route and switching path through the selector stages, test
of B subscriber condition. supervision during conversation. and clearing.

Through the combination of a small and easily handled stored-program-
controlled register system and of the documented low-maintenance ARF system
an ARE exchange requires a minimum of maintenance. The advantages of
centralization and remote control of the operational and maintenance functions
are thus even more apparent.

Owing to the structure of the ANA 30 system an existing ARF exchange can
be modernized to form an ARE system for a moderate expenditure. The same
level of facilities can thus be introduced simultancously in an entire arca con-
taining older ARF exchanges. Otherwise one would be forced either successively
to introduce new exchanges with the higher level of facilities. with the disad-
vantage and injustice to subscribers that this involves, or it would be necessary
to replace exchanges betore their mechanical life had run out.

Facilities and Services for the Telephone Administration
Metering

In the basic form of ANA 30 the metering of calls takes place in the normal
manner. But as the A number. B number, A subscriber category and, if necessary.
also the identity of the link circuit are temporarily stored. the possibility exists
of introducing additional metering equipment without electromechanical sub-
scribers’ meters.

PBX Facilities

In an ARE exchange with incoming registers a PBX equipment can be in-
troduced which offers the following advantages over and ahove those possessed
by ARF:

— Extremely simple PBX connections with solderless termination of only 0n¢
test wire to the PBX equipment.

— Great flexibility. with common PBX equipment for a 10.000-line 2rovp
within which the PBX lines can be freely distributed.
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Introduction of Future Signalling Systems

Since several different signalling systems are used in telephone networks. it is
important that ANA 30 permits the introduction of such systems through the
addition of simple signalling devices and programs.

Through the use of SPC technique in ANA 30, the system can for a moderate

expenditure also be adapted to future signalling systems, e.g. for signalling on
a common channel (CCS), should this be required on the national plane.

Digit Analysis Capacity

ANA 30 has a digit analysis capacity which covers all practical requirements.
This greatly increases the traffic routing facilities, making the junction network
cheaper and permitting direct routes between exchanges in different zones, etc.

Services Remotely Controllable from Operational
and Maintenance Centre

With a fully developed system the following functions can be remote-con-
trolled from an Operation and Mamtenance Centre.

Traffic measurenent and statistics including normal erlang measurements on
units within ANA 30 and, in addition:
— occupation counting per device
— measurement of mean holding time
— measurement of call congestion
— measurement of time congestion (time when all devices in a group are

occupied)

— collection of statistical network data
— measurement of traffic dispersion

Alterations of traffic routing, such as temporary rerouting, rerouting to an
operator or an automatic answering equipment. and alterations in the numbering
scheme.

The maintenance functions are very comprehensive: among other things,
reports of faults discovered through built-in checks are stored in an operation
and maintenance processor and transmitted on command to the Operation

and Maintenance Centre. The system also allows supervision of fault rate,
congestion ratio, blocked devices, etc.

Services Remotely Controllable from the Central
Subscribers’ Office

From the Central Subscribers’ Office, which is also common to the entire
area, arrangements can be made for full or partial barring of service to sub-
scribers and restoration of the service, an interception service can be connected
and disconnected, a faulty subscriber line can be marked. and other optional
subscriber categories can be connected and disconnected.

Subscriber Services

Apart from the subscriber services offered by an ARF exchange with register
organization ANA 11, such as pushbutton dialling, indialling to PABX, different
levels of restricted service, tracing of malicious calls, etc.. examples are given
below of some other subscriber services.

Abbreviated dialling
With this facility the subscriber need dial only a single-digit or two-digit code
number even on international calls.



Fig. 2

ARE exchange, trunking diagram

riR Incoming junction circuoit

SL Subscriber stage =
CD-KM  Code receivers in SL stage 1O
1 Gy Second group selector stage

1GY First group sclector siage

GYM Group selector marker

SR Link circuit

SN SL marker

FUR (hutzoing junction cirenit

RS Register finder

FUR-L-T  Outgoing junction cireuit with alarm
signal function

Do Unit for connection of SLM to 1D5

CD-RME  Unpit for transmission of control
signals to CD-KM

GY-KME  Unit tor transmission of control

signals o GYVM

Electrical typewriter

SLM identifier

Sender finder

Local register

Incoming register

Unit For idemtification ef GV-KME

and CD-KME

hS Code sender for register signals

KMK Cuode receiver for pushbutton
dialling

KM Code receiver For register signals

TEI Terminal interface unit

ALC Alarm control unif

MUX Multiplexor for interwork between
processors and other unils

OMP Operational and muaintenance
processor

REP Register processor

TRS Translation store

SOS Subscriber store

ADS Abbreviated dialling store
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Hot line

A connection can be set up from a telephone reserved for this purpose o a
predetermined number simply by raising the handset.

Subscriber Service Centre

A Subseriber Service Centre can be established which is commaon to an entire
arca. From the economical, and often too from the transmission point of view,
it is advisable to concentrate to the Centre such equipment as is required for
more complicated subseriber services. Apart from advanced interception ser-
vices, the following additional services for example can be established at such
a Centre:

— Follow me, which implies that all calls to the subscriber can temporarily be
redirected to another number.

— Awtomatic waking service: the subscriber can order the service from a push-
button or dial telephone. after which he is automatically rung up at the
desired time.

System Structure

The hardware of ANA 30 contains data processing equipment, interface,
and input and output units (I/O units). The software consists of program and
data. Fig. 2 shows the ANA 30 hardware and the relay and selector equipment
of ARE.

The data processing equipment contains processors, central stores and multi-
plexors. In it is stored, the software and the data processed in accordance with
given programs. Modular build-up is applied throughout with plug-in printed
circuit boards as smallest units, which permits economical adaptation to the
desired capacity.

Relay and selector equipment

ANA 30 — 1/O units | | ANA 30 — Interface unils

I
ANA 30 — Data processing equipment
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Fig. 3

Operational and maintenance processor
OMP in ANA 30
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[ he interface units usually carry out conversion between data information and
electrical signals for direct communication with the relay and selector equip-
ment of the exchange. Certain equipment carries out also other defined func-

Lons.

The 1O units can be selected among electrical typewriters. display terminals,
tape readers and tape punches, and provide the operation and maintenance
staff with a convenient means of communication with processors. memaories
and nterface units via the special operation and maintenance processor in
ANA 30, Operators can castly change subscriber data written into the relevant
memories in ANA 300 ez, on connection or disconnection of interception
service,

The software 1s divided into small strictly limited units, so that a change
of function vsually affects only one umit. The total program volume 15 small
compared to that for a SPC system, the data processing equipment of which

also performs all marker functions.

Owing to the limited program volume and the small modules the potential
expansion provided by the SPC technigue can be effectively utilized as the need
arises.

Through the use of software.changes which in the conventional technique are
effected with a soldering iron can instead be effected by change of data codes

in the memories of the data processing equipment.

Data Processing Equipment
The following account will be concerned with the processors, multiplexors
and central stores of the data processing equipment.

The Processor

The processors of ANA 30 were developed especially for this system and carry
the type designation APN 110. The processors can also be used in other contexts
for which high requirements are placed on performance. The processor is small

-
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(fig. 3), requires little program volume tapprox. SK 16-bit words), has short
operational times, requires few instructions for logic decisions. and offers high
reliability.

APN 110 1s used in ANA 30 for two entirely separate functions, namely as
register processor REP and as operation and maintenance processor OMP.
In both cases the processors are of identical construction. but the programs
ditfer.

The processor consists of a program store PRS. a data store DAS and a centra
processing unit CPU (fig. 4).

The program store PRS stores the relatively permanent traffic programs and

Fig. 4 : i :
P" N e the operation and maintenance programs in permanently programmed read-
rocessor / N , - 2 - .
cPU AL BTSN G only memories mounted on plug-in bf\drds, PRS is Idl\’lde nto program store
‘I‘)':Sq :’,f::'lﬁra;';r:“'" pages. each of which is addressed by its corresponding program number, Each
- i . . . .

page contains 256 words of 16 bits plugs a parity bit. The extension module is 512
words or two pages. After being programmed the read-only memories. which
are of semiconductor type. retain the input program even it the voltage disap-
pears. If a change or addition to the program is required. a preprogrammed
printed circuit board is simply plugged in. For laboratory testing. however,
random access semiconductor memories are used to facilitate the meticulous
testing of the new design or variant.

The data store DAS 1s made up of random access MOS (Metal Oxide Silicon)
memories and stores temporary data such as A number, category and B number,
which is erased after completion of a connection. DAS is also divided into pages.
Each page contains 128 words of 8 bits plus a parity bit and one such page is
allotted to each register. The extension module is 8 pages and the maximum
size of the store is 64 pages.

Instruction address Instruction
PB
/0 via TEI

Fig. §
Central processing unit CPU
PRS Program store
CPB Internal processor bus in CPU
CPU Cenfral processing unif
PBL Program store buffer unit
1PU Instruction pretranslation unit
csu Control store unit
PB Processor bus
BCU Bus control unit
10 Input and output units such as tele-

printer, display terminal, tape read-

er, tape punch or data modem
TEI Terminal interface unit
mT’u Terminal communication unit. only

in OMP :
ALU Arithmetical and logical unit Address Write data Read data
CGU Character generator unit, only in

REP
IRU Index register unit
PGU Pulse generator unit
WRL Waork register unit
SMU System monitor unit
DBU Data buffer unit
DAS Data store
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The central processing unit CPU consists of a number of functional units
interconnected over an internal processor bus (CPB) (Fig. 5). It reads instruc-
tions from PRS and successively exccutes the tasks or operations indicated
by the instructions. These may consist of. for example, transfer of data from

— CPU to DAS for temporary storage
— DAS to CPU for further processing or storage
— CPU to the central stores for indication of address

— the central stores to CPU for reception of information corresponding to the
respective memory function

— CPU to interface units for operation, digit transmission etc,
— interface units to CPU for call discovery etc.

On the data received by CPU the instructions also trigger arithmetical and
logical operations which are often followed by program-controlling operations
leading to selection between different branches in the program. Each of these
operations constitutes a basic element in the control functions for, for example.
a phase of a connection.

When CPU executes one of the normal instructions of the program store.
it converts the instruction into individually combined microinstructions, nor-
mally 4—=& in number and having a word length of 24 bits. They are used in-
ternally within the central processing unit and permit a flexible modular division
of the latter into delimited functional units, This, in combination with the inter-
connection of the units over a common bus, increases the adaptability to new
requirements and simplifies routine testing and fault tracing.

Central Stores

The central stores, which normally are common to a 10.000-line group.
consist of the translation store TRS. the subscriber store SCS and the abbreviated
dialling store ADS. The stores contain alterable control information. To sim-
plify the work of addressing of the processors these stores are equipped with
special logic units which combine partial addresses into entire addresses, trans-
late decimal into binary code. hunt for a stated address in the store. etc.

The initial size of the various stores is 4K9 (4 % 1.024 words of 8 bits plus |
parity bit) and they are extended in modules of the same size. The stores are
made up of ferrite cores with voltage supervision and therefore retain stored
information even if the voltage disappears. They have a read and write cycle
time of 2 microseconds.

Individual data for each type of store are set out below.

The translation store TRS contains exchange-dependent data on routes. tar-
iffs, interpretation of MCF signals. etc.. has short holding times and is duplicated
on grounds of reliability.

The subscriber store contains subscriber category data. has a varving holding
time and. on grounds of reliability. is partially duplicated.

The abbreviated dialling store ADS is used as required and contains special
subscriber data relating to abbreviated dialling etc.

Multiplexor MUX

The processors interwork with the central stores and interface units via a bus
system. Each processor is connected by its own bus to a duplicated multiplexor
MUX on each of the racks which contain units with which the processors inter-
work (Fig. 6). MUX ensures that only one processor at a time is connected to
a unit on the rack in question.



Fig. 6

Bus connection of processor to multiplexors
CPU Central processing unit

PRS Program store

DAS Data store
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Processor Grouping

The processors in ANA 30 are combined into groups, each containing may,
sIX register processors REP and one operation and maintenance processor
OMP. The interwork between the OMP and REP in the groups is achieved
through the fact that the translation store TRS temporarily stores data sent
between these units in both directions.

Each REP can serve 60 registers. so that a full processor group handles
660 = 360 registers, which often sutfice for 40.000 subscribers.

To cover the traffic handling requirements also for very large and heavily
trafficked exchanges in an economical way. interworking can be arranged he'-
tween up to four processor groups. This is achieved through the fact that pro-
cessors belonging to different groups can handle one another’s tasks. Each pro-
cessor group has its own central stores and its own OMP. When a processor is
to transmit a task or an answer to another group. the task or answer is written
into its own TRS. The message is then transferred to TRS in the receiving group
and read out by the receiving processor.

Interface Units

For communication with the relay and selector equipment of the exchange
there are the following interface units (fig. 2):

Local register REG-L is a simple interface equipment between SR and REP,
Incoming register REG-I has essentially the same functions between FIR and
REP,

__ To other
" processors

Processor bus
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Identifier IDS transfers the A number and SR identity from SLM 0 REP and
has DCI as interface unit.

Identifier 1DG transfers the identity of the connected code receivers to REP

Code receivers GV-KME and CD-KME transfer information between REP
and GVM and between REP and CD-KM respectively.

Sender finder S8 interconnects registers with code senders and code receivers.

Code senders KS-MFC, code receivers KM-MFC and ditto for pushbutton
code KMK have their logic functions allocated to REP's program.

In an ARE exchange GVM, CD-KM and SLM also differ in certain respects
from the corresponding units in ARF,

1/0 Units

T'o facilitate communication between the operational staff and ANA 30, this
takes place via advanced /O units. Up to four such units can be connected via
interface equipments for direct or remote-controlled communication with the
operation and maintenance processor OMP. The 1O units can, as noted. be
selected among electrical typewriters. display terminals, tape readers and tape
punches. For remote-controlled communication over fixed or temporarly
established connections a modem is required.

Software
The main functions of the software are to control the setting up of the connec-
tions and to enable the operational and maintenance personnel to make changes

Fig. 7
Local and incoming registers in ANA 30,
REG-L and REG-I
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in and additions to the control functions and to exercise effective supervision in
a simple manner.

The software consists of programs in the program store and of data in the data
store and the central stores.

Program Instructions

The programs are made up of about 30 different instructions. Each such in-
struction consists of a 16-bit word divided into an operational portion and a
parameter portion. The former determines the type of operation and the latter
specifies in detail, if required. the type of operation and often contains also an
address and a constant.

As already mentioned, the central processing unit CPU converts the instruc-
tions read by it from PRS into microinstructions,

Data

Data are distributed to areas, The data store DAS contains. for example. 60
register areas, each of which contains temporary data associated with a connec-
tion in which the corresponding register takes part. These data are elements of
varying size and each element stores an information unit. If such a unit consists,
for example. of one digit, the corresponding element contains four bits.

To give some concrete examples, the storage of data may relate to digits, the
condition during a pause in a switching process. the number of a program to he
processed by CPU. the address of a unit. etc.

Programs

The programs are written into the program store PRS with one program per
page of the store, There are about 30 programs for REP and about 35 for OMP.
Some typical REP programs are used for
— monitoring of switching processes in local registers
— monitoring of switching processes in incoming registers
— reception of dial pulses
— reception of pushbutton signals
— analysis of dialled number
— operation of group selectors
— transmission of MFC
— reception of MFC,

REP contains only one program of each type. but some programs can be
multiutilized up to 60 times for program functions or phases associated with 60
registers during a primary interval. This is made possible through the fact thal
the program number can be stored simultancously in all register areas in the data
store. A monitor program then connects the program to the time slot correspond-
ing to the respective register area. (See also under Principles of Program Pro-
cessing below. )

The individual programs have well defined functions but interwork with oné
another in such a way that at a desired time a program can call another program
for the exercise of functions not included in the calling program. These proper-
ties of the programs simplify the introduction of new and changed functions.

A program may be said to fall into phases so adapted that each phase can be
processed in a time slot. which greatly contributes to simplification of the system.
In some phases of the switching process it is advantageous that phases in (W0
independent programs are processed simultaneously, which is also possible.
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Fig. 8
Program processing in recurrent time slots

Time slots
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Principles of Program Processing

The primary interval both of REP and OMP is § milliseconds. Only REP will
be dealt with below, as the principles for OMP are identical. Each primary
interval is divided into time slots of 120 microseconds per register and 800
microseconds for communication with OMP. During the 61 time slots in a
primary interval those phases are processed which correspond to cach of the
60 registers and to that part of the OMP communication required at that partic-
ular time for the respective registers and for OMP (Fig. 8).

The successive stepping of the primary intervals, so that one phase after
another shall be connected 1o its time slot. is controlled by the data store together
with the monitor program of the processor. This is facilitated by the fact that
each time slot corresponds to one page in the data store. When all time slots
within a primary interval have been processed, a transition takes place to the next
interval and so on in an unbroken sequence. When the first phase for. for
example, a given traffic case in a register has been processed in its given time
slot, the subsequent phases for the register are successively connected to the
same time slot in subsequent primary intervals until all phases of the program
have been processed. The central unit then switches in another program which
has been called by the processed program.

The division into fixed time slots means that the programs need not administer
a complicated time distribution, which greatly simplifies the programs and the
programming work. This avoids the necessity for certain programs of lower
urgency to wait too long in case of a high processor load. An assumption for the
use of this principle is that the composition of the software functions in each
individual processor is simple. This is fulfilled by ANA 30 through the retention
of electromechanical control for functions which do not gain by being trans-
ferred to SPC technique.

Central Store Functions in Cooperation with Register
Processors

To illustrate the similar principle of operation of the central stores the sub-
scriber store SCS may be taken as example.

SCS contains subscriber category data and. on economical grounds. consists
of two parts. Part | contains data relating to all subscribers and part 2 supple-
mentary data for subscribers with special category combinations.

As already mentioned, SCS has a logic unit. REP informs this unit of the
subscriber number concerned and at the same time orders reading in part 1.
The logic unit converts the number into an internal address, which selects the
category code and the latter is converted by REP to standard format. From the
read-out data REP decides whether they suffice or whether further information
is required since the subscriber has a special category combination. In the latter

For example
Register funclion

—
Primary interval

Memaory
Page 61

Program 1
Phase 2
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case REP sends an order to SCS for reading in part 2. From a number of lists
the logic unit of SCS hunts for the particular subscriber’s number: cach such
number exists only on one list. Each list contains subscribers with identicy)
category combination and starts with a heading of three 8-bit words which
mdicate the subscriber combination in question.

Reliability

Apart from the reliability guaranteed by careful selection of components,
advanced modular struciure, duplication of units where required cte., ANA 30
offers the following features,

In the case of a fault in a processor the first processor in the group can inter-
rupt its work and take over the entire function of the faulty processor. In regular
operation the first register processor will then serve as many registers as, without
essential disturbance. can be inoperative during the period required for repair,
Should a fault arise in the first processor, the second processor hlocks new calls
to it and releases any subscribers in register position.

In each unit there are circuits for time supervision, parity check, etc. In the
case of a fault in duplicated memories. multiplexors or central interface units,
the processors are automatically switched over to an intact unit,

All faults and measures associated with them can on command be printed on
an electric typewriter or shown on a display terminal at a suitable point in the
Operational and Maintenance Centre.

Programming Aids

As programming aids special programs have been written for the loading of
the program. translation and subscriber stores. A clear line writer printout 1s also
obtained, which is of assistance for operation and maintenance. The printout
can be supplemented. if desired, by the designer’s explanatory comments. These
programs are run on commercial computers,

Operation and Maintenance

One of the great advantages of ARE is that (he operation and maintenance
functions can be remote-controlled from an Operation and Maintenance Centre
and from a Central Subscriber's Office. These functions are available in the
operation and maintenance processor OMP in the exchange.

Operational Functions

Changes of subscriber data, for example connection and disconnection of a
subscriber category, are remote-controlled through write-in to the subscriber
store of the corresponding order on the electrical typewriter at the Central
Subscribers” Office.

Changes of exchange dara, for example rerouting, introduction of a new
signalling plan and change of numbering schemes, are effected equally simply
from a data terminal in the Operation and Maintenance Centre.

Traffic measurement adapted to the alternative routing networks, with meas-
urement of traffic dispersion and several other detailed measurements the results
of which can be transferred by remote control to the Operation and Maintenance
Centre.

Maintenance

L M Ericsson’s maintenance method, CCM (Controlled Corrective Mainte-
nance). has been successfully adopted by a number of telephone administrations,
among which the Rotterdam administration. as described in an article in Ericsson
Review?. The article reveals that only 0,075 man-hour per line and year is re-
quired for maintenance of the Dordrecht 20,000-line ARF exchange. System
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ARE with ANA 30 permits a further development of the CCM method owing
to the great reliability of the system and the fact that ANA 30 also offers the
following facilities.

Supervision of call congestion and of Tault rates per route and per individual
unit within ANA 30. The result of the supervision can be read in the Operation
and Maintenance Centre,

Tracing of faults in the individual units of ANA 30 is greatly facilitated as,
in the data store. cach unit has been allotted its electronic disturbance counter
which can be remotely read from the Operation and Maintenance Centre.
When a predetermined acceptable disturbance level has been exceeded for a unit.
this is detected by its disturbance counter. Three classes of alarm according to
urgency are transmitted from the exchange to the Operation and Maintenance
Centre.

When the operator in the Centre receives an alarm. he connects to the relevant
OMP and requests printout of the cause of the alarm with indication of the
identiy of the alarming unit and of the wype of failure. A suitable measure on the
part of the operator may be. for example. remote blocking of the faulty unit
or remote marking of it for detailed supervision.

Statistical network data, which after suitable data processing provide im-
portant information concerning difficulties in other exchanges. can be collected
from ANA 30 under remote control from the Operation and Maintenance
Centre. The operational and maintenance processor can, from any selected re-
gister, record the B subscriber’s number, end-of-selection information, selected
alternative route, and the register signalling in the two directions. Analysis of
these data in a computer can help to localize and eliminate bottlenecks and faults
within the area.

Updating of ARF Exchange with AN A 30

Ordinary ARF exchanges can be equipped with ANA 30 without disturbance
of operation, the latter being installed and tested with a simulator before existing
registers and other equipment are removed from operation. ANA 30 can also be
installed in a different room from the remainder of the exchange.

The necessary changes and additions to markers and code receivers with
associated rack cable are carried out in accordance with precise instructions,
Relay sets are changed so that. simultaneosly with their new functions. they
retain their original functions. The rack cable is supplemented so that only one
unit at a time need be removed from operation.

When ANA 30 is ready to be put into service, the new registers can be con-
nected one at a time to share the traffic with the existing registers. Before this
connection is made some of the new relay sets must be plugged into the prepared
positions and those not needed removed. When all new registers have been
placed in operatiton and a transition is to be made to the new signalling system
between the register processors and the switching stages, the remaining relay sets
are plugged into the marker and crossbar switch racks.

Degrees of Updating

The flexibility of ANA 30 allows it to be introduced in a degree of updating
which always ensures an optimal result.

Complete Updating
A complete updating is illustrated in fig. 2. It is suited to new ARE exchanges

and 1s characterized by the fact that the register processors

— control both local registers REG-L and incoming registers REG-I

— have access to GVM and CD-KM in order. via them. to exercise direct
control of the GV and SL stages

— have access to SLM for transfer of the A subscriber’s identity to REP on
outgoing calls.
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Fig. 9 (left)

I'runking diagram for ARE exchange without
direct control of I-GV/GIV and SL stages

Fig. 10 (right)

Trunking diagram for ARE exchange with-
out direct control of HH-GV/GIV, SL and
I-GV stages

FIR

SL
Gy
CD-KM
SR
1GV
GVM
SLM
FUR

RS
FUR-L-T

DCI
GV-KME

ES

1DS

S8
REG-L
IDG
kS
KMK

TEI
ALC
MUX
onMP
REP
TRS
SCS
ADS

Incoming junction circuit
Subscriber stage

Second group selector stage

Code receiver in SL stage

Link circuit

First group selector stage

Group selector marker

SL marker

Quigoing junction circuit

Register finder

Outgoing junction circuit with alarm
signal function

Unit for connection of SLM to IDS
Unit for transmission of control
signals to GVM

Electric typewriter

SLM identifier

Sender finder

Local register

Unit for identification of GV-KME
Code sender for register signals
Code receiver for pushbutton
dialling

Terminal interface unit

Alarm control unit

Multiplexor for interworking
between processors and other units
Operation and maintenance
Processor

Register processor

Translation store

Subscriber store

Abhreviated dialling store

ANA 30— 1/0 units
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ANA 30 — Data processing equipment

Limited Updating

When ANA 30 is introduced in an existing ARF exchange, a limited updating
is often advisable. Fig. 9, for example. shows a case without direct control of
H-GV/GIV and SL stages. and fig. 10 a case also without direct control of the
I-GV stage.

Components and Construction Practice

ANA 30 is made up of integrated circuits including LSI, random access MOS
memories in the data store. permanently programmed semiconductor memories
PROM in the program store. ferrite cores in the central stores, monostable minia-
ture relays and discrete electronic components, These components are mounted
on printed circuit boards with plated wiring on both sides. The boards are of two
sizes. single boards and double boards (fig. 11). The boards are plugged into
one-level. two-level or four-level shelves with different possibilities of combina-
tion of single and double boards.

The shelves are plugged into jacks on the right of the racks. The racks are
placed back-to-back whenever this is suitable from the operational aspect,
otherwise they are placed singly.

Power Supply

The relay and selector equipment in ARE is supplied in the normal way with
— 48 V. ANA 30 as well is connected to — 48 V but also to lower voltages from
— 5 Vito + 16V, These voltages are generated by stabilized DC/DC converters
supplied with — 48 V. A converter is mounted either on a shelf for supply of an
entire or half rack or consists of a printed circuit board plugged into the shelf
carrying the equipment which it is to supply. The converters are duplicated and
the standby converter automatically takes over the service if the output voltage
from an operating converter diminishes or disappears.

Summary

ANA 30 is throughout based on the stored-program-controll technique, and in
system ARE all advantages of this technique have been made use of. This
applies not least to operation and maintenance with all their remote-controlled
functions such as the possibility. on command from a typewriter. of altering the
traffic routing. connection or disconnection of subscriber categories, efe. Im-

Aelay and selector equipment

Relay and selector equipment

ANA 30 — Interlace units ANA 30 — Interface unis

ANA 30 — 1/0 units

ANA 30 — Data processing equipment
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Fig. 11

Double printed circuit board with plated
wiring on both sides used in the data store

ERICSSON REVIEW No. 4, 1973

portant savings of personnel can therchy be made and at the same tume sub-
scribers are offered quicker service. The subscribers can also be allotted entirely
new services such as abbreviated dialling ete.

As ANA 30 can be used both in new exchanges and for modernization of
existing ARF exchanges, a network with L M Ericsson’s crossbar switch ex-
changes at all points can be made equivalent. as the various exchanges can he
given the same level of facilities whether they are old or new. The modernization
of the ARFE exchanges is also eastly effected and does not disturb operation.

Owing to the simple structure and himited program volume of ANA 30 with
time-shared program processing. the system is easy to operate and a change or
addition can simply be effected, often through replacement or plugging-in of a
new printed circuit board.
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Manual Switchboard and Supervisory Desk for
Modern Transit Exchanges

WALTER PEGERT. TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM

Fig. 1
Manual switchboard with low vertical panel
height 974 mm

width 800 mm
depth 817 mm
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UDC 621.395.372;
621.395.65
LME 8341

The increasing semiawtomatization of international relephone traffic has led
to a need for a new manual switchboard. L M Ericsson have therefore designed
a switchboard based on a new rechniqgue and new components. The switchboard
meets the requirements for manual operation both of national and international
traftic, i.e. the operation shall wake place with the greatest possible speed and
refiability and with the least possible work on the part of the operator. The
switchhoard can also he equipped for rational use as enquiries and supervisory

desk.

The switchboard (Fig. 1) is designed throughout on the modular principle,
which makes 1t casy to cater for individual requirements,

The switchboards are equipped with several new components, for example:

— Pushbuttons with built-in lamps instead of lever kevs with separate lamps.
which simplifies operation. The lamps can be duplicated for more reliable
indication.

— Electrically zeroable period counters for up to 999 minutes (Fig. 2) which
replace the earlier mechanically zeroable counters for max. 12 minutes.

— Digit indicators with light-emitting diodes and electronic control equipment
for various subscriber indications such as calling and called number, category

efc.
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Fig. 2

Switching set with electrically zeroable period
counter and pushbuttons

Fig. 3

Switchboard section containing, from the
top, a digit display, terminal field, power
equipment and printed circuit boards for
reception, storage and transmission of sub-
scriber’s number. The stored information is
shown on the digit panel

ERICSSON REVIEW No. 4, 1973

Before the design work started. a thorough study was made of operators’
working methods and reactions. Thereafter the switchboard was constructed
on the most efficient possible functional principles without disregarding the
desire for a modern exterior design. The placing of controls and indicators and
the colour scheme have been important factors in this context,

Design details

All units in the switchboard are of plug-in type and all wiring points are easily
accessible, which reduces the costs of installation and maintenance to a min-
mum.

Skeleton switchboard

The skeleton switchboard consists of welded, grey-enamelled rectangular steel
tubes joined together by bars which are screwed to specially constructed brackets
(Fig. 3). The assembled switchboard has snap-on covers and sides of dark-grey
lacquered wood and the horizontal shelf is coated with hard-wearing plastic
laminate.

The switchboard may be assembled as a single unit or combined in a suite.
[he cables are brought in from below and placed on a longitudinal runway at the
bottom.

To satisfy a general desire the height of the switchboard can be adjusted
&+ 2 ¢m by means of floor screws fitted to the legs. Accessibility for cleaners
is also satisfactory. as there is a roughly 10 em free space between the floor and
the bottom covers.
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Fig. 4

Switchboard with sloping keyshelf. The mid-
dle figure shows a switchboard with low
vertical panel added and the bottom figure
with high vertical panel

Fig. 5

Panel with controls and indicators

148

Operator’s equipment

Each operator’s position accommodates a maximum of eight switching sets
(Fig. 2) and a position set. The components of the sets are wired direct to a 8-
point plug.

In a supervisory desk the equipment is placed on one or two panels with the
components directly wired to 80-point plugs (Fig. 5). An enquiries desk js
provided with similar equipment adapted to the particular requirement.

Switchboard layout

All units belonging to an operator’s position or to a panel in a supervisory
desk are mounted in a hinge-suspended frame. By releasing a catch the frame
can be folded out to provide easy access to the units or panel from the underside
for inspection and service. These frames are covered at the top with light-grey
enamelled front plates with recesses for the components of the units or panels,

The front always consists of a section placed at an angle of 30" and containing
a frame with units or panel. Above it, if required, a vertical section of equal or
half its height can be mounted with space, for example, for indication panel,
pigeonholes. instruments etc. (Fig. 4).

Below the operator’s equipment there is a terminal field for connection of
controls and exchange equipments. If electronic control equipment is required,
for example for a digit display. the necessary printed circuit board shelves are
mounted below the terminal field.

The headset or handset is connected to jacks placed on the left below the
horizontal shelf. Instructions, personal belongings etc. are placed in a compart-
ment on the right below the horizontal shelf.

Reference installations

The new modular switchboard system, which has met with a great interest,
permits rapid and effective operation of telephone traffic.

The new switchboard has already been delivered for several exchanges,
among which the international ARM exchanges in the Caribbean Islands. Leba-
non and Tunisia, and as supervisory desk for the international maintenance
centres in Copenhagen and the Caribbean Islands.

ERICSSON REVIEW No. 4, 1973



ERICSSC{I\j\] g w 5

from All Quarters of the World

Computer-controlled testing sys-
tem developed by L M Ericsson

L M Ericsson have developed a computer-controlled testing system to meet new
and more stringent requirements for the design, production and installation of
printed circuit boards and functional units, particularly in telecommunication

systems.

In the last few years there has been a
greater production volume of printed
circuit boards, at the same time as the
requirements of reliability in function-
al testing have increased with the
technical development: simultaneously
the number of measurements on print-
ed circuit boards has increased. The
advent of the computer has brought a
means for storage and control of large
quantities of information and data and
for their rapid processing.

The computer-controlled testing
system that has now been developed
can be used as an aid in the testing
of equipment designs and as produc-
tion aid for checking and fault tracing
on printed circuit boards and func-
tional units. Another field of applica-
tion is reliability testing and accept-

ance tests of components and units.
The product quality attained with the
new testing system is high and uniform.

Other advantages are the shorter
set-up and testing times and the flex-
ible test program with built-in fault
tracing routines.

The new system also allows simpler
documentation routines and provides
direct data for statistics.

The computer can serve 1—8 test
positions. Each position has a maxi-
mum termination capacity of 512 test
channels with program-controlled sig-
nal levels, loads and supply voltages,
and a static and dynamic measuring
system. The software consists of con-
trol programs, editor and object pro-
gram. There is also a maintenance
program for the system.

Test position in L M Ericsson’s computer-controlled testing system. The positions are con-
trolled by a central computer and each position comprises 5—7 racks containing, among
other items, units for logic control, level and time measurement. In front of the racks is seen
the test desk with the tester's alphanumerical display terminal and a fixture for objects to
be tested — in this case printed circuit boards of type ROE.
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Major Ovders:

Ecuador

The state telephone administration in
Ecuador has concluded a five-year
agreement with L M Ericsson for the
delivery of substantial quantities of
telecommunication  equipment. The
contract is worth about $18 million.
The contract covers all types of
telecommunication equipment, among
which telephone sets, telephone ex-
change equipment, cable. line equip-
ment and transmission equipment.

Venezuela
In the face of suff international com-
petition L. M Ericsson received an or-
der worth about $6 million from the
Venezuelan Telephone  Administra-
tion, CANTV.

The order covers the delivery of
multiplex equipment, ie. equipment
for long distance telephony. The entire
project is being financed by the World
Bank and will be one of the largest
projects within long distance telephony
financed by the World Bank.

The equipment ordered will double
the capacity of the Venezuelan long
distance network. It will be used both
for new networks and for expansion
of existing networks.

The delivery is to start at the year-
end and it is calculated that all or-
dered equipment will be installed by
1976.

From the Nine Month
Report of the Ericsson
Group 1973

B Order hookings during the first
nine months of 1973 amounted to
$1.069.9 million, an increase of 23
percent over bookings in the corres-
ponding period of 1972, This increase
was due largely to major orders from
some of the Group’s main European
markets outside Sweden, from Latin
America and from telephone adminis-
trations in Africa and the Middle East,
including the recently opened markets
in Algeria and Oman.

B Sales rose from $686.5 million to
S807.4 million, or by 18 percent.

M The adjusted net income per
share amounted to $2.83, exceeding
by 45 percent the adjusted net income
for the first nine months of 1972
(51.95). For both periods the income
per share has been based on the num-
ber of shares outstanding after the
1973 stock dividend.
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Technicians within the Ericsson Group
discuss development questions

Fechnicians within the Ericsson Group from a number of countries gathered in
Stockholm during a week in October for a conference on development questions
— Engineering Development Council 1973, EDC 73.

Meetings of this kind are regularly arranged to maintain a mutual exchange of
information between technicians of the Group in Sweden and abroad. There are
many subjects to deal with and each new Council covers a special field.

. M Ericsson’s marketing has for a
long time been dominated by crosshar
switch systems. It 1s clear, however.
that future systems and improvements
to them will be based on the printed
circuit board principle. An extremely
detailed
necessary —

coordination of all factors is
from component selec-
and mechanical construction
practice through manufacture to final
testing of printed circuit boards and
system units, as well as installation and
maintenance, Documentation and de-
sign rules are other questions to which
particular attention must be paid.

ton

Great efforts and large amounts of
money are expended on these devel-
opment projects, They must therefore
be carried out in such a way as to en-
sure the greatest possible efficiency
and vield tor the tuture.

A conference of this type provides
a valuable exchange of information on
new products and their adaptation to
the conditions existing on different
markets throughout the world. The
significance ol correct documentation
and administration  of  development
projects was emphasized by the par-
tcipants,

Another aspect of this type of con-
terence i1s that people from different

Ihe chairman of the Council, Arne Reidin
(lefty, L M Ericsson, Stockholm, in discus-
sion with his deputy, Mr Gunnar Svala, of
MNorth Electric Company, USA,

countries and subject spheres within a
large enterprise have the opportunity
to meet and get to know one another.
This human aspect 1s important, not
least for effective cooperation.

The conference on  development
questions was followed by a seminar
dealing with improvements n the
technique on which L M Ericsson’s
present production is based. Conti-
nuous modernization of the products
manufactured at different factories of
the Ericsson Group is important in
order to compensate for increased
costs,

During one of the dass of the conference the participants of EDC 73 visited L M Ericsson
lzboratories and factories in Stockholm. UIf Jerndal, head of printed circuit board man-
ulacture at the Tellus factory, explains one phase in the manufacture.
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ERIPLOG — new method
of laying of buried cables

L M Ericsson’s Network Department
in Stockholm has developed a new
method and equipment for laving of
buried cables. The ERIPLOG method
extends the range of applications for a
hydraulic excavator, so that direct
ploughing-in of cable can be done evep
in difficult soil conditions,

I'he new equipment comprises two
units. a rasp and a cable layer, The
rasp is mounted in place of a shovel
on the excavator: the cable layer is
entirely separate and has a device to
which the rasp is simply hooked during
the actual laying. If the laying is oh-
structed by any object, e.g. a stone in
the soil, the rasp is released and is
thereafter used for removing the ob-
tect, while the cable in the layer is
entirely protected.

Excavators are indispensable for all
buried cable laying. For minor jobs it
15 seldom profitable to use an addi-
tional machine specially equipped for
burial of cable. The methods
hitherto for cable burial depend on the
sotl conditions. since there 1s often not
sufficient grip for the wheels,

Using the L M Ericsson method the
outrigger legs of the excavator can,
in the case of difficult soil conditions,
be placed against the soil and the
hydraulic force of the grab can be
used both for rasping and cable laying,
Since the grab and rasp can also assist
in movement of the machine over the
terrain. the ground friction of the
wheels is not a limiting factor. In this
way cable can be ploughed down into
practically any soil where a hydraulic

used

excavator is usable.

Excavator with rasp for laying of b“f:;ld
cable by the ERIPLOG method. The cable
layer is hooked underneath the rasp.

1973
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Ministers from four countries

visit LM Ericsson

During October L M Ericsson’s head
factory in Stockholm was visited in
close succession by the Brazilian Min-
ister of Communications, Hygino Cae-
tano Corsetti, the Ecuador Minister for

During his visit to Sweden the Brazilian
Minister of Communications, Hygino Cae-
tano Corsetti (left), was the guest of L M
Ericsson during two days and is here seen
testing the first L M telephone from 1878
in the company of the President of the
Group, Bjorn Lundvall. During these days
the Minister visited L M FEricsson's devel-
opment laboratories for stored-program-
controlled telephone exchanges and the first
exchange of this type at Tumba outside
Stockholm, which has been in operation
since 1968.

Public Works, Rafael Rodriguez Pala-
cios, the Irish Minister of Communica-
tions, Conor Cruise O'Brien, and the
Malaysian Minister of Communica-
tions, Tan Sri Sardon.

Important IBM order for time recorders

L M Ericsson’s subsidiary in Germany
has received an order for more than
300 time recorders for IBM, Germany.
These time recorders will cover the
requirements of the entire IBM ad-
ministration, production units and
branch offices.

23,000 IBM employees throughout
the whole of Germany have flexible
working hours which are recorded
with L M Ericsson OCR time recor-
ders. The time cards, which are
stamped with optically readable char-
acters, are read by an IBM 1287 op-
tical character reader and then pro-
cessed in a computer.

OCR signifies Optical Character
Recognition and is a new technique
within data processing, with an in-
creasing number of applications. Re-
cording of flexible working hours is a
routine for which OCR is extremely
well suited. Thousands of OCR time
recorders of L M Ericsson make are
already in operation and the interest
for them on the market is growing
significantly.

The method implies briefly that the
time cards can be read directly by a
computer after they have been stamped
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and marked with exception codes if
any. The system has both economical
and practical advantages over other
systems. Among its advantages are the
access to an original document and to
complete data for processing.

TIME
RECORDING
==

> | @

e

DATA
PROCESSING
=[]

S —
&
PRINTING
=

=

Routine for time recording with
character recognition.

optical

Simplified materials
handling in installation
of telephone exchanges

The personnel who install telephone
exchanges often work under very dif-
ficult conditions. The working environ-
ment varies and the means of working
in comfort and safety with rational
aids are considerably less than. for
example. on the factory side.

L. M Ericsson's Installation Division
in Stockholm has recently introduced
two new aids which considerably sim-
plity the handling of materials on site.

B Wired racks weighing up to 300
kg can now be brought up and raised
into their position in the suite with a
hydraulic lift-truck. This lift-truck
carries out the entire joh without any
manual hoisting. For manual hoisting
at least 4—5 strong men are needed.
The mechanization implies advantages
not only for the personnel. The equip-
ment is at the same time handled with
far greater care. which means that its
quality 1s not deteriorated and that less
effort is needed for adjustment and
testing work.

B A small trolley has also been in-
troduced. It is designed for transport
both of boxes and various types of
rack.

L M Ericsson’s BDH racks are de-
livered with square transport plates
and are stackable. Using two trolleys.
up to six such racks can be transported
at the same time. With its extra large
wheels the trolley can easily move
over thesholds, cable, floor ducts and

similar obstructions.

A rack being placed in position with a
hydraulic lift-truck. All manual hoisiting is
eliminated.
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Electrical voting system for Finnish

.
parliament
A new electrical voting system was put
into operation at the start of the au-
tumn session of the Finnish parlia-
ment. Oy L M Ericsson Ab, L M Erics-

son’s Finnish subsidiary. undertook
the installation and certain deliveries
of equipment. while L M Ericsson

Telemateriel AB. Stockholm. planned
the installation and delivered the main
part of the equipment. The voting sys-
tem comprises the following
among others:

In the plenary chamber there are

units

200 control panels, one for each mem-
ber of parliament. The members can
correct their vote if they have pressed
the wrong button by mistake. The
member’s panel also contains a micro-
phone. a loudspeaker for listening to
speeches in the chamber, and signal
lamps which ndicate the maximum
speaking time and “important message
from the telephone operator™.

Recessed in the Speaker’s desk is a
control panel with pushbuttons for
supervision of voting. a panel which
shows the result of voting, and the
necessary microphones and loudspeak-
ers. The control panel also contains
pushbuttons which enable the speaker
to prevent sound distribution from the
chamber or to limit it to the actual
parliamentary building. By connecting
a separate microphone the speaker can
switch on all loudspeakers of the voting
system so that important messages are
heard in all official rooms in the build-
ing.

The central equipment of the voting
system. which is placed on the lower

Fhe chamber of the Finnish parliament viewed from the Speaker's control panel (right).

floors of the parliamentary building,
counts the votes. The result of voting
is shown on the result panel in the
chamber and on a record panel which
1s automatically photographed by two
cameras. The photograph shows the
member’s vote. the result of the vote,
the number of the vote. the date etc.
The record panel also contains a TV
monitor for supplementary and ex-
planatory particulars concerning the
voting. A typewriter keyset for the
latter particulars is recessed in the
stenographers’ desks.

The work of the stenographers is
faciliated by a new tape recorder ar-
rangement. Two of the tape recorders
are in operation simultaneously —
containing tapes for 7.5 minutes and
1.5 hours recording respectively. The
tape recording is operated from the
upper gallery by the parliamentary
commissionaire. who also has a control
desk for switching on the members’
microphones according to the Speak-
er’s directions. He also has a mixer
desk which automatically sets the
correct sound level at the start of each
~.pt‘t_‘L'h.

I'he needs of the public in the gallery
also been taken into account
through the provision of a large num-
ber of loudspeakers for increase of
audibility. The press positions have
sockets for tape recorders so that
speeches by members can be directly
recorded in the press gallery. The par-
liamentary sound distribution system
i1s also connected to broadcasting

have

equipment.

T \ ~

First delivery of picture
telephones from
LM Ericsson

The first delivery of L M Ericsson's
picture telephone system has now been
made. Fifteen picture telephones ang
a video PAX have been delivered to
the Spanish Telecommunications Ad-
ministration CTNE. which intends to
use them for field trials.

Field trials are already well under
way In Sweden in cooperation between
L. M Ericsson and the Telecommunica-
tions Administration, and also within
some of the Ericsson offices and lab-
oratories 1n Stockholm. Some [80
persons are taking part in the internal
field test.

One of the design departments participating
in L M Ericsson’s field test with the picture
telephone system at the main plant in Stock-
holm has been visited by Mr J. ). Horzepa
(left) from AT & T (American Telephone &
Telegraph) and Mr W, B, Cagle, Bell Labora-
tories, During the autumn these two gentle-
men made a round trip to some European
telec ications administrations to hear
about their experience with videotelephony.

News from Rifa

B A monolithic microcircuit which,
“’itht‘l!l external C'l'lﬂ'lpﬂl'lcﬂf\\ Caft
work with the existing battery voltages
in telephony systems has been devel-
oped by AB Rifa, the components en-
terprise of the Ericsson Group.

#l In the capacitor field Rifa have
developed a new type of highly stable
styrene capacitors for carrier frequen-
cy filters and a resin-embedded tan-
talum capacitor designed especially
with a view to mounting with inte-
grated circuits. The new capacitors
permit a saving of space of aboul
70 % compared with the present types
with corresponding function.

For some years AB Rifa has been
the largest Scandinavian manufacturer
of electronic components. The com-
pany employs more than 1,700 persons
in Sweden and has an annual turnover
of 125 Mkr. Rifa components dr¢
made also in Australia, France and
Mexico.
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THE ERICSSON GROUP

Associated companies and representatives

EUROPE

SWEDEN

Stockholm )
Telefonaktiebolaget L M Ericsson
2. L M Ericsson Telemateriel AB
2. L M Ericsson instruktionsteknik

AB

1. AB Rifa

1. Sieverts Kabelverk AB

1. Svenska Radioaktiebolaget

7. ELLEMTEL Utvecklings AB

1. AB Transvertex

4, Svenska Elgrossist AB SELGA

Alingsas

4. Kabeldon AB

Kungsbacka

3. P. Boréns Fabriks AB
Malmd

3. Bjurhagens Fabrikers AB
Norrkdping )
3. AB Norrkopings Kabelfabrik
Nykoping

1. AB Thorsman & Co
Visteras

3. ASEA LME Automation AB

EUROPE (Excluding
Sweden)

DENMARK

Copenhagen

2. L M Ericsson A/S :

1. Dansk Signal Industri A/S
3. GNT AUTOMATIC A/S

3. ELMI A/S

FINLAND

Jorvas

1. Oy L M Ericsson Ab
FRANCE

Paris

1. Sociéte Frangaise des
Téléphones Ericsson

2. Thorsmans S.A.R.L.

Boulogne sur Mer
1. RIFA S.A.

Marseille
‘é’.flablissemenls Ferrer-Auran

IRELAND
Dublin
2, L M Ericsson Ltd.

ITALY

Rome

8. SETEMER Soc. per Az

2. SIELTE Soc. per Az.

1. FATME Scc. per Az.
NETHERLANDS

Rijen

}j.vEricsscn Telefoonmaatschappij

NORWAY

Oslo

1. A/S Elektrisk Bureau
2. SRA Radio A/S

2. A/S Telesystemer

2. A/S Industrikontroll

Drammen

1. A/S Norsk Kabelfabrik

POLAND

Warszaw

5. Telefonaktiebolaget L M Ericsson

PORTUGAL

Lisbon

aL.dSuciedade Ericsson de Portugal
a

SPAIN

Madrid

1. Industrias de Telecomunicacion
S.A. (Intelsa)

2. LM Ericsson S.A

SWITZERLAND

Zurich
2. Ericsson AG

UNITED KINGDOM

Horsham

2. Swedish Ericsson Telecommu-
nications Ltd.

2. Production Control (Ericsson)
Ltd.

2. Swedish Ericsson Company Ltd.
2. Swedish Ericsson Rentals Ltd.
London

2. EB Marine Communications Ltd.

WEST GERMANY

Hamburg

2. EB Marine Nachrichtentechnik
GmbH

Hannover

2. Ericsson Centrum GmbH
Salzkolten

2. Thorsman & Co GmbH

Representalives in:

Austria, Belgium, Greece, Iceland,
Luxembourg, Yugoslavia

LATIN AMERICA

ARGENTINA

Buenos Aires

1. Cia Ericsson S.A.C.l.

1. Industrias Eléctricas de Quil-
mes S.A.

6. Cia Argentina de Teléfonos S.A.
6. Cia Entrerriana de Teléfonos
Ltda. S.A.

BRAZIL

Sao Paulo ,

1. Ericsson do Brasil Comércio e
Inddstria S.A.

Rio de Janeiro

3. Fios e Cabos Plasticos do
Brasil S.A.

CHILE

Santiago
2. Cia Ericsson de Chile S.A.

COLOMBIA

Bogota

1. Ericsson de Colombia S.A.

Cali

1. Fabricas Colombianas de Mate-
riales Eléctricos Facomec S.A,

COSTA RICA

San José

5. Telefonaktiebolaget L M Erics-
son

ECUADOR

Quito
2. Teléfonos Ericsson C.A.

MEXICO

Mexico D.F.

1. Teleindustria Ericsson, S.A.
1. Latinoamericana de Cables
S.A de C.V.

2. Teléfonos Ericsson S.A.

2. Telemontaje, S.A. de C.V.

PANAMA
Colén
2. Teleric Sales Corporation

PERU

Lima

2. Cia Ericsson S.A.

Areguipa

6. Soc. Telefonica del Perd, S.A

EL SALVADOR

San Salvador
5. Telefonaktiebalaget L M Erics-
son

URUGUAY

Montevideo
2. Cia Ericsson S.A.

VENEZUELA

Caracas

1. Cia Andnima Ericsson

3. Alambres y Cables Venezolanos
C.A. (ALCAVE)

Representatives in:

Bahama Islands, Bolivia, Costa Ri-
ca, Dominican Republic, Guade-
loupe, Guatemala, Guyana, Hon-
duras, Netherlands Antilles, Nica-
ragua, Panama, Paraguay, El Sal-
vador, Surinam, Trinidad.

AFRICA

EGYPT

Cairo

5. Telefonaktiebolaget L M Erics-
son

ETHIOPIA

Addis Ababa

5. Telefonaktiebolaget L M Erics-
son

MOROCCO

Casablanca
2. Société Marocaine des Télé-
phones Ericsson

TUNISIA

Tunis
5. Telefonaktiebalaget L M Erics-
son

ZAMBIA
Lusaka

2. Ericsson Telephone Sales
Corporation AB

Representatives In:

Cameroon, Central African Repub-
lic, Chad, Congo (Brazzaville), Da-
homey, Ethiopia, French Territory
of the Afar and Issa, Gabon, Gui-
nea, Ivory Coast, Kenya, Liberia,
Libya, Malagasy, Malawi, Mali,
Mauretania, Mozambique, Namibia,
Niger, Nigeria, Republic of South
Africa, Reunion, Senegal, Sudan,
;anzania, Uganda, Upper Volta,
aire.

ASIA

INDIA

Calcuita

2. Ericsson India Limited
INDONESIA

Jakarta
2. Ericsson Telephone Sales
Corparation AB

IRAQ

Baghdad

5. Telefonaktiebolaget L M Erics-
s0n

KUWAIT

Kuwalit
5. Telefonaktiebolaget L M Erics-
son

LEBANON

Beyrouth
2. Societé Libanaise des Télé-
phones Ericsson

MALAYSIA

Kuala Lumpur

2. Ericsson Talipon SDN BHD

1. Telecommunication Manufactur-
ers (Malaysia) SDN BHD

THAILAND

Bangkok
2. Ericsson Telephone Corporation
Far East AB

TURKEY
Ankara

2. Ericsson Tirk Ticaret Ltd.
Sirketi

Representatives In:

Bahrein, Bangladesh, Burma, Cam-
bodia, Cyprus, Hong Kong, lIran,
Iraq, Jordan, Kuwait, Lebanon,
Macao, Nepal, Oman, Pakistan,
Philippines, Saudi Arabia, Sri Lan-
ka, Syria, Taiwan, Republic of
Vietnam.

UNITED STATES and
CANADA

UNITED STATES

New York, N.Y.

9. The Ericsson Corporation
2. Ericsson Centrum, Inc.

CANADA

Montreal
2. L M Ericsson Ltd.

AUSTRALIA and
OCEANIA

Melbourne

1. L M Ericsson Piy. Ltd

1. A[E.E. Capacitors Pty. Ltd.
8. Teleric Pty. Ltd.

Sydney
3. Conqueror Cables Pty. Ltd,

Representatives in:

New Caledonia, Nya Zeeland,
Tahiti.

1. Subsidiary with manufacturing

2. Subsidiary with sales and in-
stallation only

3. Associated company with manu-
facturing

4. Associated company with sales
only

5. Technical office

6. Telephone operating company

7. Development company

8. Holding company

9. Holding and service company



TELEFONAKTIEBOLAGET LM ERICSSON



